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INTRODUCTION 

The primary aim of this project was to develop and implement a strategy which would 

integrate and enable data interrogation across all data sources used by the Marine Institute’s 

(MI) Fisheries Ecosystems Advisory Services (FEAS) group.   

 

Initially this was conceived as taking the form of an Integrated Data Repository (IDR) and 

toolbox which would harmonise a variety of disparate data sources into a single, query-able 

global schema. The IDR was piloted in FEAS but then not pursued further - there were two 

main reasons for this:  

1. A large amount of the Marine Institute (MI) data is sampled and only makes sense 

when combined with other specific data sets to generate fish stock estimates.  Treating 

the commercial fishery sample data as if it could be meaningfully integrated with other 

MI data such as ocean temperature sets is a mistake because sampled data requires the 

context of the sampling programme to be interpreted correctly. 

2. The individual data sources themselves had a number of problems including noise, 

inconsistencies, temporal lag, errors and a lack of common references.  Before 

attempting to integrate these sources the above problems needed to be addressed. 

 

Subsequently and by mutual agreement, the project re-focused on with two primary goals: 

1. Training and mentoring MI scientific staff in key data management skills such as 

database development and writing SQL. 

2. Improving the quality of individual data sources.   

To facilitate these goals it was also necessary to create an IT infrastructure (both on land and 

at sea) which would allow data management to become a process rather than a series of ad-

hoc activities. 

The FEAS group now contains a number of scientists who have the technical skills to create, 

develop and maintain complex data manipulation routines using SQL and R – data management 

is no longer the sole preserve of the IT department. 

Significant effort has also been invested in improving data sources, such as implementing 

auditing functions to track data changes, creating a central database to hold reference lists of 

controlled vocabularies and working with scientists to create accurate, reproducible analyses.   

The most challenging data source has been that of Logbooks – this is due to its size and 

complexity and the fact the data is produced and managed externally to the MI.  Recently this 

has moved to a data feed approach with new loading routines designed, developed and tested.  
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This weekly data feed replaces a cumbersome, semi-manual process where snapshots of the 

IFIS logbooks database were loaded bi-annually. 

A replacement for the key MI commercial sampling database application has been developed – 

this has been designed with data integration in mind, as opposed to the siloed developments 

that have previously taken place.  Other data sources will be plugged in to the system as its 

development continues.  A number of useful day-to-day tools have also been developed during 

the project’s life-time. 

Data strategy within the wider fisheries world has been influenced by the project through 

participation in ICES DIG and RDB-SC meetings and a data strategy paper (P. L. Connolly and 

L. Caffrey, “Supply chaining fishery advice,” ICES J. Mar. Sci., vol. 68, no. 8, pp. 1706–1711, Sep. 

2011). 

Whilst completely joined-up data has not been attained and was always aspiration, the project, 

however, has successfully demonstrated that it can be achieved and has developed a thorough 

understanding of the steps required. 
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1. PROJECT DESCRIPTION 

1.1. Project Statement 

The primary objective of the project was to develop and implement a strategy which will 

integrate and enable data interrogation across key data sources used by the Marine Institute’s 

(MI) Fisheries Ecosystems Advisory Services (FEAS) Group. 

 

By the end of the project, the following objectives were to be achieved: 

 Recommendations based on review of international best practice, for key FEAS data 

models and internal MI sampling data processing. 

 Capacity building in data management and manipulation skills for fisheries datasets. 

 Identification and implementation of best practice in relation to data management for 

an allied Ecosystem Approach to Fisheries Management (EAFM) on a level that 

competes with international leaders in the field such as National Oceanic and 

Atmospheric Administration (NOAA). 

 Enhanced interoperability from the development of ontologies and controlled 

vocabularies. 

 An FEAS data strategy for 2015 to 2020. 

Additional achievements included: 

 Improved efficiency and effectiveness from data  interoperability  resulting  in enhanced 

performance across a number of MI research areas. 

 National capacity building in EAFM by linking computer scientists with fisheries 

biologists and other domain experts (e.g. oceanographers and climatologists). 

 Synergy with the Beaufort Award Programme, other relevant Sea Change research 

(e.g. knowledge and information management / Fisheries measures) and FP7/FP8 

funded European projects. 

 Direct benefits for fisheries management including rebuilding of fish stocks by 

improving capacity for sophisticated data interrogation. 

 

1.1.1. Work Package 1– Project Management 

Aim: 

The aim of this work package is to ensure that a comprehensive project management structure 

is put in  place  for  the  effective  delivery  of  the  project  in accordance with all technical 

and administrative requirements. 
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Tasks: 

 Technical coordination:  The two research supervisors will possess the range of 

relevant skills and experience necessary to provide advice on the strategic direction of 

the project. 

 Technical meetings: Formal project reviews with a written agenda will take place 

between the two supervisors and the post-doctoral researcher every four months. 

 Administrative coordination: Compliance will be ensured with all aspects of the Sea 

Change programme ranging from contractual issues to project auditing. 

 Communication and Dissemination: Implement the Project Communication and 

Dissemination Plan. 

 

Deliverables: 

1.1 Interim reports will be produced every four months covering technical progress on the 

project. These will be agreed and signed off by the two research supervisors. 

1.2 Three progress meetings will be organised annually including the project supervisors and 

the post-doctoral researcher. When required, third party experts will be invited to attend the 

progress meeting to provide additional scientific commentary and validation. 

1.3 Financial reports will be produced in line with programme requirements. 

1.4 Delivery of outputs from the Communication and Dissemination Plan during the life cycle 

of the project. 

 

1.1.2. Work Package 2 – Review 

Aim: 

The aim of this work package is to build context for the project by enhancing knowledge and 

understanding of the literature, case studies and technologies developed in support of EAFM. 

  

Tasks: 

 Conduct a detailed review of existing literature on the integration of data for an Ecosystems 

Approach to Fisheries Management, including academic publications and technical reports. 

 Undertake a review of international projects dealing with the subject to identify 

success levels in the application of established and new methodologies and 

technological solutions. 

 Document selected case studies detailing best practice in the integration and analysis 

of fisheries datasets (e.g. Danish Fish Frame project and NOAA Fisheries Information 

System [FIS] system).  

 



NDP Marine Research Sub-Programme 2007-2013 

    
 

3

Deliverables: 

2.1 Report: Literature Review and Scoping Study. 

 

1.1.3. Work Package 3 – Data Profiling 

Aim: 

The aim of this work package is to review and assess the quality of FEAS datasets and data 

models, data collection and data storage methods, and external fisheries datasets. 

 

Tasks: 

 Review existing fisheries datasets, together with their metadata. 

 Review key FSS data models including comparisons to similar models produced by 

other institutions. 

 Critical review and recommendations for processing, storing and using data collected 

by sampling methods. 

 Review external fisheries datasets including quality assessment from organisations such 

as the Sea Fisheries Protection Authority (SFPA) and the Department of Agriculture, 

Food and the Marine (DAFM). 

 Develop a procedure for acquiring external fisheries datasets. 

 

Deliverables: 

3.1 Critical review of key FEAS datasets, metadata and associated data models. 

3.2 Recommendations for processing, storing and using data collected by sampling methods. 

3.3 Report on external fisheries datasets and associated data models. 

3.4 Document procedure for acquiring external fisheries datasets. 

 

1.1.4. Work Package 4 – Data Integration 

Aim: 

The aim of this work package is to better integrate related fisheries data sets and develop 

ontologies and controlled vocabularies for these datasets.  Development will initially be based 

on the existing “Stockman” application for recording sampled fishery dependent data.  

  

Tasks: 

 Determine user requirements to document limitations and weaknesses in the current 

system and requests for new functionality. 

 Investigate and review the use of ontologies and semantic interoperability for fisheries 

datasets. 
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 Develop ontologies and controlled vocabularies for fisheries datasets based on 

ontology review and fishery datasets review. 

 Design, implement and test a new system for recording sampled fishery dependent 

data.  These should allow better integration with other fisheries datasets. 

 Design, implement and test a data extraction/reporting environment for the new 

system. 

 

Deliverables: 

4.1 User requirements report. 

4.2 Report documenting the developed ontologies and controlled vocabularies for FEAS 

fisheries datasets “FEAS_Consolidated”. 

4.3 A new version of Stockman which is integrated with other fisheries data.  

4.4 Documentation of the new Stockman. 

4.5 A reporting/data extraction environment for data recorded in the new Stockman. 

 

1.1.5. Work Package 5 – Strategy Development 

Aim: 

The aim of this work package is to develop a strategy to underpin future development of FEAS 

data collection methods and optimisation of performance and functionality of data storage and 

access. 

  

Tasks: 

 Document the lessons learned from the other work-packages to underpin the 

development of a reference document. 

 Iterate versions of the document throughout the latter stage of the project to 

incorporate new knowledge and changing priorities as they emerge. 

 Outline the scope of the document in collaboration with the MI, taking new state of 

the art approaches into consideration and reflecting the outcomes of research both at 

home and abroad. 

 Establish a peer review group for external validation of the document, including willing 

experts including Oregon State University (OSU) and NOAA. 

 Seek widespread buy-in and high level approval from the MI on the final version of the 

strategy.  

 

Deliverables: 

5.1 FEAS Data Strategy 2015-2020. 
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2. LITERATURE REVIEW 

2.1. Introduction 

This section will review the literature relevant to the “Joined-Up Thinking from Joined-Up 

Data” (JUTJUD) project.  Specially it considers the wider fisheries management context of the 

project and the relevant issues in data management. 

The primary objective of the JUTJUD project was to develop and implement a strategy which 

would integrate and enable data interrogation across key data sources used by the Marine 

Institute’s (MI) Fisheries Ecosystems Advisory Services (FEAS) group.  FEAS “… research, assess 

and advise on the sustainable exploitation of the marine fisheries resources in the waters around 

Ireland and on the impacts of fisheries on the ecosystem” [1].  A fishery can be defined as a “… 

unit determined by an authority or other entity that is engaged in raising and/or harvesting fish. 

Typically, the unit is defined in terms of some or all of the following: people involved, species or type of 

fish, area of water or seabed, method of fishing, class of boats and purpose of the activities” [2].  An 

example of a fishery is the Nephrops-directed otter trawl fishery in the Irish Sea.  A Métier is 

an homogeneous subdivision of a fishery by vessel type (e.g. the Nephrops-directed otter trawl 

fishery in the Irish Sea by vessels < 55 feet) [3] . 

A fishery stock “…comprises all the individuals of fish in an area, which are part of the same 

reproductive process” [4].   A stock is self-contained, with no emigration or immigration of 

individuals from or to the stock and it occupies a well-defined spatial range and is independent 

of other stocks of the same species. It should be noted that spatial dispersion and migrations 

can occur within a stock. 

2.2. Fisheries Science 

It is beyond the scope of this document to examine fisheries science in detail but it is useful to 

have a brief survey of some important concepts.  Fisheries science is a branch of marine 

science that deals with studies on the life history and state of fish stocks [5].  This includes the 

biology of a stock (such as what are its spawning grounds and how fast does it mature) and the 

size of the stock (biomass in tonnes - biomass being the mass of living biological organisms). 

Some important reference values in fisheries science are: 

 B0, the unexploited stock size.  This is the biomass the stock would have without 

fishing. 

 BMEY, the Maximum Economic Yield (MEY).  This is the biomass size at which the stock 

would produce the maximum economic benefit.  BMEY ≈ 2/3 B0 
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 BMSY, the Maximum Sustainable Yield (MSY).  Decreases from this biomass size will 

result in future reduction of stock size. BMSY ≈ 1/2 B0 

 Bpa, the precautionary lower biomass limit.  The reproductive capacity of the stock will 

be reduced below this level. Bpa ≈ 1/3 B0 

The concept of Maximum Sustainable Yield is illustrated in Figure 1, where SSB means 

Spawning Stock Biomass (the total mass of mature fish).  Yield will increase as more fishing 

capacity is applied (more vessels or fishing effort) until it reaches a maximum level.  If fishing 

mortality is increased further than this MSY, yield will decrease because immature fish are 

being caught leading to a decline of the SSB [6].  Since 2010 the International Council for the 

Exploration of the Sea (ICES) has introduced an MSY framework for its fisheries advice.  The 

ICES MSY framework is essentially a harvest control rule which is designed to maintain stocks 

in a state whereby they can produce high long term yield [7].  As an aside, Finley and Oreskes 

argue that MSY was first developed as policy by the USA in order to ensure limited regulation 

of the seas and allow free movement of American vessels – a scientific rationale was then 

applied post-hoc to help justify the policy [8]. 

 
Figure 1 Maximum Sustainable Yield 

Maximum Economic Yield (MEY) can be illustrated in a similar way by including the costs of 

fishing – these costs will include things such as fuel, wages, and capital costs.  Figure 2 (taken 

from [9]) shows the Maximum Economic Yield as the point which has the largest difference 

between revenues and costs – this is a lower yield than the MSY.  If there is no regulation it is 

assumed that fishing will continue until the costs equal the revenue – this is shown as Yield 

Without Regulation (also known as Open Access Yield). 
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Figure 2 Maximum Economic Yield 

A simplified picture of the development of a fishery against increasing fishing effort is shown in  

Figure 3, taken from [10].  Fishing effort is a measure of the amount of fishing. Often when 

measuring fishing effort catching power is also taken into account e.g. KwDays for trawlers or 

Net length x soak time for gill nets [11].  It can be seen that as fishing effort increases with 

time the total catch rises initially, reaches a maximum and then decreases. At the same time, 

both the catch-per-unit effort and the mean weight of the individual fish in the catch declines 

continuously meaning it takes more work to catch, fewer, smaller fish.  Curve A shows a 

complete fishery collapse, whilst B shows a fishery which has stabilised, albeit at a much less 

productive level than its peak.  Fisheries science gives advice to fisheries management agencies 

with the aim being to stabilise the fishery at point C, D, or E so that it is both biologically and 

economically sustainable. 

Fisheries scientists make use of a number of different types of data in order to model a fishery 

and make predictions about its future. These include biological information taken from 

sampling commercial fish catches, total catch information and total fleet activity typically taken 

from official records, and biological and catch information from surveys. 

Species of fish are often categorised as demersal or pelagic species.  Demersal species live on, 

or near, the bottom of seas and lakes – commercially important species include cod, whiting, 

haddock, sole, plaice, megrim, hake and monkfish.  Pelagic species live in the “water-column” 

of the ocean – that is neither near the bottom nor the coast.  Commercial pelagic species 

include mackerel, herring, horse mackerel and blue whiting. 

A fishing Gear is the tool with which aquatic resources are captured, whereas the fishing 

method is how the gear is used.  Broad gear categories include surrounding nets, trawl nets, 

and traps. Gear can be modified to better select the target species by changing net mesh 

diameter or other design elements.   
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Figure 3 Generalised history of a fishery 

The Catch that a fishing vessel make consists of 2 primary components: Landings and Discards.  

The Landings are the fish that the vessel retains on board in order to sell.  The Discard is the 

portion of a catch of fish which is not retained on board during commercial fishing operations 

and is returned, often dead or dying, to the sea [11].  The main reasons for discarding are 
 

 
Figure 4 ICES Statistical Areas - Western Europe 
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linked to economic considerations or to comply with regulations. For example, a vessel might 

have used up its quota for species A but not for species B – it can then continue to fish for 

species B, retaining them for landing, whilst discarding species A.  Discard levels will normally 

be highest in multi-species fisheries where quotas and catch composition are mismatched 

between fishing opportunities and availability.  An EU ban on discarding species that are being 

managed under the quota system is now being phased in [12]. 

Fisheries science often refers to ICES statistical areas [13] as a spatial reference.  Figure 4 

shows the distribution of these areas around western Europe. 

 

2.2.1. Ecosystems Approach to Fisheries Management 

Estimating the size of a single fishery stock (that is, the amount of particular fish species in a 

particular area) is widely recognised as not being sufficient to effectively manage a marine 

environment.  Fish clearly do not exist in isolation and interact in complex ways with their 

surroundings.  This has led to the “Ecosystems approach to fisheries management” [14] being 

widely discussed [15] and, to a lesser extent, adopted.  The terms “Ecosystems Management”,  

“Ecosystems Approach to Fisheries Management”, and “Ecosystems Based Fisheries 

Management” can become entangled – Dolan et al. present a useful explanation of the 

continuum of processes from single species to full ecosystems management [16].  The 

European Commission Marine Strategy Framework Directive (MSFD) is designed to create a 

framework for sustainable use of Europe's marine waters and promotes an ecosystem 

approach to reach “Good Environmental Status” by 2020 – assessing disparate criteria to 

evaluate this status can be complicated [17].  An ecosystems approach requires both more 

data and more diverse data than a single species approach – this leads to challenges in data 

management particularly when integrating data produced by sources whose primary purpose 

was not to provide data for fisheries analysis [18]. 

Ecopath with Ecosim (EwE) is a free ecological modelling software suite that can be used for 

exploring policy options for ecosystem-based management of fisheries [19].  EwE provides two 

ways to explore impacts of alternative policies:  fishing rates can be “sketched” over time and 

examined for each sketch, or formal optimization methods can be used to search for fishing 

policies that would maximize a particular policy goal. 

 

2.3. Fisheries Management in Ireland 

FEAS communicate the scientific information they produce in a number of ways including: 

direct advice given to Ireland’s Department of Agriculture, Food and the Marine (DAFM) [20] 

in support of the recently-reformed European Union (EU) Common Fisheries Policy (CFP) 
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[21] [22]; active participation in the International Council for the Exploration of the Sea (ICES) 

[13] groups, committees and publications; annual Stock Books [7]; and the usual scientific 

routes of journal papers, conference presentations and collaborations [23] . 

Fisheries Management within Ireland is heavily influenced by its membership of the European 

Union (EU).  FEAS produce fish population estimates which are then used to inform decisions 

made by the EU about the size of the Total Allowable Catch (TAC) for each fishery.  Member 

States (MS) within the EU then undertake negotiations to agree on their quota of the TAC for 

a fishery. 

FEAS data is not directly used to manage fisheries since within the EU this is normally the 

responsibility of a regulatory authority such as a government department however it is an 

important part of the process and is used to provide a scientific evidence base for management 

decisions.  Along with setting quotas fishery management agencies can also use more stringent 

measures to protect a fishery such as closing it entirely, or introducing spatial or temporal 

restrictions on fishing within an area.  If annual quotas are fully used before the end of the year 

a fishery can be closed, for example Ireland used all its 2014 Haddock quota for ICES areas 

VIb, XII and XIV by July so the fisheries were closed to Ireland [24] [25] .  These measures can 

have a large impact so are not taken lightly.  Fisheries management typically has a number of 

groups of stakeholders including fishers, scientists, national governments and politicians, 

regional organisations (such as the EU) and the general public.  These groups will often have 

different interests to each other over short and longer time-spans e.g. a scientific 

recommendation to close a fishery due to the low level of fish population will conflict with a 

fisher’s requirement to be able to fish to provide income (fishers should not however be 

assumed to be adverse to all management activities [26]).  Fisheries management is thus a 

negotiation procedure influenced by lobbying from different sectors rather than a simple 

application of scientific advice [27].  A simple model of the effects of this lobbying has been 

studied and shown to produce outcomes that are not socially optimal [28].   

Game Theory has also been used to study Fisheries Management, where Game Theory is the 

study of the strategies decision makers choose to maximize their outcomes in particular 

situations.  Bailey at al. [29] provide a useful review of the application of Game Theory to 

fisheries over the last thirty years ([30] also covers similar ground).  As an example Trisak [31] 

used Game Theory to model co-management fisheries (those where the fishery management 

responsibility is spread between the government and fishers) and the effect of biological 

parameters of the fish on the outcomes – it was shown that these parameters can have an 

important influence on the fishers’ behaviour. 

There has been a trend towards more management measures being introduced with time 

although this has not necessarily seen an improvement in individual fishery status [32].  The 
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Food and Agriculture Organization of the United Nations (FAO) say that the world situation 

has stabilised with around 30% of the wild fish stocks they regularly monitor currently being 

over-fished, 60% being fished at their maximum sustainable level, and the remaining 10% being 

under-fished [33].  There are variations in these figures in different regions [34] [35].  An 

individual fishery can collapse catastrophically with a well-known example being  the Canadian 

north-western Atlantic cod fishery [36].  Ireland is not immune to these collapses with Irish 

cod fisheries being subject to severe restrictions and the example of the “boom and bust” of 

the Orange Roughy fishery [37]. 

Figure 5 shows some of the important state and semi-state bodies within the fisheries 

management environment of Ireland. 

 

 
Figure 5 Important state and semi-state bodies in Ireland 

 

Fisheries Control Regulation (CR) is defined by a EU Commission Implementing Regulation 

[38] and an EC Council Regulation [39] which are enacted in Irish law by a Statutory 

Instrument [40].  These are enforced by the Sea-Fisheries Protection Authority (SFPA) [41].   

The CR states, among other things, that:  

 Commercial fishing vessels must be licensed. 
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 Most vessels over 12m in length must have an operational Vessel Monitoring System 

(VMS) fitted.  This is a satellite-based system which provides a Fisheries Monitoring 

Centre (FMC) with the position, speed and course of the vessel at least once every 2 

hours. 

 Vessels of 10 metres length overall or more shall keep a fishing logbook of their 

operations, indicating specifically all quantities of each species caught and kept on 

board above 50 kg of live-weight equivalent. This logbook must be submitted as soon 

as possible and not later than 48 hours after landing.  Bord Iascaigh Mhara (BIM) [42] 

state that the paper logbook “… should be completed daily before 24:00 hrs (local time), 

on arrival in port or at the time of any inspection.” [43].  Information from paper logbooks 

is entered into the Integrated Fisheries Information System (IFIS) database in SFPA 

Offices. 

 Most vessels over 12m in length should send the logbook information referred to 

above electronically to the competent authority at least once a day (they do not have 

to also complete a paper logbook).  This is done via the Electronic Recording and 

Reporting System (ERS).  In practice most vessels between 12-15m are exempted from 

the ERS requirements so it is mainly vessels over 15m that use the system.  

 Vessels 12m or over must notify a port at least 4 hours in advance of their estimated 

arrival. 

 Vessels 10m or over must submit a landing declaration indicating quantities of each 

species to be landed.  Paper log sheets and landing declarations should be given to the 

Fishery Officers within 48 hours of completion of landing [43].  (However some fishers 

interpret this 48 hours differently.  If the paper logbook is handed in at a main harbour 

and is posted off it will take about a week before it is entered on to IFIS but it is more 

common for the paper logbooks to be used by fishers working at rural harbours on 

non-quota species.  In that case 10-15 logbooks might be posted in a batch and 

entered on the database within about 3 months.) 

 Most vessels over 12m should submit this landing information electronically via ERS. 

 Vessels under 10m may also submit logbooks – on IFIS this is not stored at the level of 

individual log sheets but summarised by port, species and year.  Most of the data 

recorded for this type of vessel is entered by the SFPA, generally in the order of quota 

species landings followed by catches that are linked to a sales note.  The data for 

Under 10m vessels held on IFIS is not complete. 

The Irish Naval Service operates Ireland’s FMC from the naval base on Haulbowline, Co. Cork 

under an agreement with the SFPA [44].  The FMC monitors the VMS data produced by Irish 

vessels world-wide and all vessels within the Irish Exclusive Economic Zone (EEZ) - the EEZ is 
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the ocean not more than 200 nautical miles from the Irish coast [45] [46].  Data for foreign 

vessels operating within the Irish EEZ must be requested from their country of registration – 

although each EU member state has to follow the same rules they all tend to use different 

systems and have different interpretations of the rules.  The quality and completeness of the 

data received about foreign vessels therefore varies significantly between their countries of 

origin. 

The Naval Services uses the Lirguard FPS suite of programs to manages its electronic systems.  

It includes: 

 Fishery Information System (FIS) – an application which manages information on fishing 

vessels including licensing, position and catch data.  

 Fisher Geographic System (FGS) - a system for displaying vessel positions. 

 Fishery Legislative System (FLS) – records and display details on EU and Irish fishery 

protection legislation along with Naval Directives. 

 Electronic Recording and Reporting System (ERS) – the electronic logbook system. 

 

The SFPA provides inspections on landing whilst the Naval Service carries out inspections at 

sea – data is shared between the organisations so that Control Plan levels of inspection for the 

Irish fleet are based on a combined sea/shore inspection level.  The Naval Service use risk 

based analysis to decide boarding priorities.  The risk criteria include the fishing vessel’s last 

offence, its days in Irish EEZ, the date of its last gear inspection, the species targeted, and its 

method of fishing [47].  The Irish Air Corps operate a Maritime Air Patrol Squadron to assist 

in enforcement. 

 

Illegal, unreported and unregulated (IUU) fishing is opposed by EU legislation [48] [49] and 

includes measures such as maintaining an IUU vessel list, blocking imports and exports of 

products that are not validated as legal, and blacklisting states who tolerate IUU fishing 

activities.  Some vessels can try to avoid fishing controls by the use of “Flags of Convenience” 

(FOCs). The country whose flag a vessel flies is responsible for controlling its activities - some 

countries may charge fishing vessels to fly their flag and then ignore any violations of fisheries 

laws committed by them.  Honduras, Panama, Belize and St. Vincent & the Grenadines have 

been identified as FOC countries [50]. 

 

2.3.1. Irish fishing fleet 

In order to engage in commercial sea fishing activities an Irish vessel must be entered on the 

Fishing Boat Register and hold a current sea fishing boat licence.  The number of registered 
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Irish fishing vessels was 2,122 (as at 13th January 2015 [51]) which are broken down into 5 

segments by DAFM [52]: 

 Refrigerated Seawater (RSW) Pelagic – predominantly fish for pelagic species such as 

herring and mackerel.  These are the largest vessels in the fleet and are typically 30 

metres or more in length.  Although they make up only a small fraction of the fleet size 

they are responsible for around two thirds of its catch [53]. 

 Beam Trawl – simple trawling used predominantly in inshore waters. 

 Polyvalent – multipurpose vessels and includes small inshore vessels and medium-large 

offshore vessels.  The Polyvalent General sub-segment is responsible for around half 

the total catch value of the fleet [53]. 

 Specific – vessels permitted to fish for bivalve, mollusc and aquaculture species. 

 Aquaculture – used in the management and servicing of aquaculture installations. 

 

The distribution of the fleet by segment is shown in Figure 6.  A fishing vessel may only be 

registered and licensed in a single segment at any given time.   

 
Figure 6 Irish registered vessel count by segment 

The Capacity of vessels (in the form of gross tonnage and engine power) is a privately owned 

tradable asset [54]  however the transfer of capacity between segments is prohibited [55].  

Periodically Ireland has run decommissioning schemes.  In these cases vessel owners can apply 

to remove their vessels from active use if they fulfil certain criteria – the owners then received 

a payment from the government [56].  The aim of these schemes was to reduce the total 
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capacity of the fleet – the FAO has said that one of the main drivers behind over-fishing is that 

the total world fishing fleet capacity is much greater than that required to fish sustainably. 

 

2.4. Joined Up Policy 

Fisheries data is not managed in a vacuum and technical solutions are not sufficient to address 

the data management questions currently encountered.  Ireland has a number of parties 

responsible for the different types of data utilised for scientific and fisheries reporting 

purposes.  Figure 5 illustrates the various bodies involved in fisheries data management in 

Ireland.   

Logbooks data from fishing trips are recorded by the Sea Fisheries Sea-Fisheries Protection 

Authority (SFPA) on a system managed by the Department of Agriculture, Food and the 

Marine (DAFM).  The SFPA are collecting and using these data under Control Regulation 

whilst the Marine Institute (MI) take samples of data from port landings under the Data 

Collection regulations.  The sample information must then be combined with the Logbooks 

data – this data must be requested by the MI from DAFM, who need to gain authorisation 

from SFPA.  Previously the extraction of Logbooks data was typically performed twice a year 

and its manual nature meant that the files could often be provided in different formats.  In 

2014 MI and DAFM moved to an automated data feed approach for the Logbooks data – this is 

an example of a collaboration which has saved time, improved consistency, and made it 

possible to link sampling trips to logbook id numbers at an earlier stage.  In this case the 

technical solution required little novel programming but the challenge was institutional as it 

required DAFM, SFPA, and MI agreeing to work collaboratively. 

 

There still remain other aspects of fisheries data management that would benefit from 

automation.  For example, currently Vessel Monitoring System (VMS) data is gathered by the 

Irish Navy under a service level agreement with the SFPA.  When the MI require VMS data 

they must partially fill-in a Naval Computer Centre (NCC) Data Request Form, which is then 

forwarded to DAFM for completion.  DAFM send the completed request to the Navy.  The 

Navy then supply the VMS data in the form of extract files to MI using a semi-manual process.  

This request and transfer is typically only made on an annual basis and, similarly to the old 

Logbooks system, it is long-winded and prone to producing files in different formats.  
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Figure 7 Organisational data flow 

Other countries have different models for data sharing.  For example, in Canada the logbooks 

and sampling data are collected by the same organisation which reduces the barriers to 

effective data sharing.  In Denmark, although the different parties managing fisheries data are 

not part of the same organisation there is a mutual trust between them which allows effective 

data sharing.    

2.5. Database Management 

Managing data has a long history [57] [58] but there are two current database management 

system(s) (DBMS) paradigms which dominate the area: the SQL relational model and NoSQL.  

NoSQL is partly defined as everything but SQL so it is more of a collection of database 

architectures that share some broad ideas than a specific model.  Data storage and 

management might seem like a dry subject but it has tended to produce passionate 

practitioners who are often diametrically opposed to each other and produce manifestos to 

promote their preferred model. 

 

2.5.1. SQL Relational DBMS 

The first paradigm considered is the SQL (Structured Query Language) implementation of the 

Relation model – this is often just thought of as the Relational database model but has a 

number of differences to the Relational model as defined by Codd [59] [60] and explained by 
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Date [61].  Date goes as far as saying “The truth is, there never has been a mainstream DBMS 

product that’s truly relational.  I honestly believe SQL has no real right to be called relational at 

all.”[62]  Never-the-less the vast majority of extant DBMS that describe themselves as 

relational implement the SQL model so that is what this document will consider.   

This section contains a necessarily brief description of the Relation model used by SQL 

databases – further details can be provided in any good database textbook such as Date [61].  

The Relational model for databases is based on first-order predicate logic and all data is 

represented in terms of tuples, grouped into relations.  The SQL Relational model translates 

the concepts of relations into tables containing rows and columns. A table will normally 

contain a “primary key” which is a column (or combination of columns) that ensures that 

every row in a table is uniquely identified.  Columns can be defined to hold data of different 

types such as integers or text.   

 
Figure 8 Foreign Key example 

 

A database will normally contain multiple tables and these tables can have relationships 

between each other.  This is the case when one table holds data relating to People and one 

relating to Postal Addresses – many people can share a single address.  This relationship is 

defined within the SQL Relational model by the use of a “foreign key” – in the example the 

Postal Address table (“Postal_Address”) contains a primary key called Postal_Address_ID  - 

the value of this Postal_Address_ID  can then be copied to a Postal_Address_ID column for a 

specific row within the table holding information about People (“Person”).  The column 

Postal_Address_ID  in the Person table is now called a “foreign key”.  The relationship between 

the Person and Postal_Address tables can be enforced within the SQL Relational DBMS 

(RDBMS), for example deletion of a specific Postal_Address record can also cause all Person 

records with that Postal_Address_ID  as a foreign key to also be deleted.  Alternatively, 

deletion of a Postal_Address record could be blocked if there are Person records linked to it.  

A foreign key value must link to a record in a table – it cannot be orphaned – this is an 

important component of “referential integrity”.  Relationships can be one-to-one, one-to-

many, or many-to-many (the latter case requires an intermediary table so is a slightly more 

complicated design than the simplified example considered). 
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A RDBMS database model is typically defined by its schema which includes the definitions of its 

tables, relationships and constraints.  Different vendors’ RDBMS will have different information 

included in a schema.  Changes to the type of data being stored in a RDBMS will normally 

require changes to its schema – these changes will need to be managed since they will usually 

affect the data already stored in the database as well new data being entered. 

A single logical operation within a database is called a “transaction” and these transactions 

follow the ACID (Atomicity, Consistency, Isolation, Durability) principles.  Atomicity requires 

that if one part of a transaction fails, it all fails – they are indivisible.  Consistency requires that 

transactions move the database from one valid state to another valid state.  Isolation means 

that multiple transactions operating concurrently must not interfere with each other.  

Durability means that the database state after the transaction has been completed must be 

stored permanently (although subsequent transactions can further alter it).   

A well-known example of a transaction is transferring money between two bank accounts (in 

this case transferring €20 from an account owned by Peter to an account owned by Paul) – 

the single logical transaction consists of at least 2 steps:  debiting Peter’s account by €20 and 

crediting Paul’s with €20.  This transaction must be ACID.  Atomic, because we do not want 

€20 to be debited without €20 also being credited. Consistent, because there is a need for the 

banking database to be in a valid state after the transfer transaction.  Isolated, because we 

don’t want any other transactions to see the interim result where Peter’s account has been 

debited but Paul’s has not been credited since it would produce incorrect data.  Durable, 

because Paul doesn’t want to see his money disappearing back to Peter as a result of a power 

failure. 

A View is the result of a query on the database which users can query as if it was a Table.  

Views are useful in a number of situations, for example a View can hide some of the underlying 

complexity of the schema by combining data from a number of tables.  They can also be used 

for security purposes since users can be given access to a View without needing access to the 

Tables underlying that View – so users can potentially be shown only the data they need to 

see, not all the data in a Table. 

Normalisation is the process of organising an RDBMS schema so as to reduce information 

redundancy in the database.  Redundancy often occurs when a single table contains 

information relating to more than a single concept.  For example, in the earlier example of a 

database containing a Person and Postal_Address table both of these tables could instead be 

recorded in a single table.  This is often the case when a spreadsheet is used to store 

information – a spreadsheet row will contain both a person’s biographical information (name, 

age etc.) and their contact information (postal address, phone number etc.).  If we have a single 

table “Person_and_Address” and two people live at the same address then the information 
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about that address will be stored in multiple rows in the table.  This leads to potential 

modification anomalies when data is edited, for example, if a country changes its name the 

address information is changed in one row but not another.  Other anomalies are possible 

such as a deletion anomaly (deleting a person also removes all reference to their address 

information) and insertion anomaly (a record for a person might not be able to be created 

until we also know their address information).   

 
Figure 9 Third Normal Form example 

A number of definitions for different levels of normalisation exist [63] and the appropriate 

level to choose will depend on the application of the database.  Figure 9, taken from [64], 

shows an  example taking data from an un-normalised table (UNF) to 4 tables in 3rd Normal 

Form (3NF). Greater levels of normalisation will result in more tables in the database - these 

tables are joined together during data extraction which can be a computationally expensive 

operation.  

 

 
Figure 10 Normalisation Process 

 

 If a database is primarily intended as a read-only, analysis database then a low level of 

normalisation will be appropriate since it will speed up data queries and the database is not 

susceptible to modification, insertion and deletion anomalies anyway.  A database which has a 
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large number of writes to its core data but little change to its reference data will likely be 

normalised such that the reference data is contained in separate tables and does not need to 

be inserted or edited each time the main record is altered.  A greater level of normalisation 

can result in the structure of the database being harder to understand due to the proliferation 

of tables and the relationships between them.  Figure 10, again taken from [64], outlines the 

steps to 3NF. 

 

Database design is usually performed using Entity-Relationship modelling – this is an abstract 

technique to capture the semantics of the domain being modelled.  A useful survey of semantic 

modelling concepts is provided in [65]  An Entity is an item in the domain, often a noun such as 

Person, Business or House.  An Entity can have attributes (e.g. a Person has a Name and Date-

of-Birth) and Entities can be related together (e.g. a Person lives in a House and works for a 

Business) - cardinality constraints can exist on these relationships (e.g. a Person can only work 

for 1 Business).  It is straight-forward to convert a semantic Entity-Relationship model into a 

relational database schema either manually or by automated tools.  It should be noted that the 

semantic model that one person builds of a domain will probably not be the same as another 

person builds which results in different database schemas for the same domain. 

Simply storing data is not sufficient – it must be possible to also manipulate and extract the 

data.  To do this SQL (Structured Query Language) is used.  SQL is a declarative language – 

this means SQL statements describe what the output should be without specifying the exact 

steps that should be taken to produce it.  This is in contrast to a language like C in which the 

programmer must specify the exact steps the program should take (procedural programming).  

SQL is defined by international standards [66] although the exact syntax and features of SQL 

varies between vendors’ implementations.  SQL is normally split into 2 categories: Data 

Definition Language (DDL) and Data Manipulation Language (DML).  DDL is typically 

concerned with defining and modifying the structure of the database – this would include 

things such as creating tables, altering column data types and removing entities from the 

database.  DML is used to manage the data stored within the database, such as retrieving data 

based on particular criteria, and adding, editing and deleting data stored within tables.   If the 

data you require is split across a number of tables (which it probably will be in a normalised 

database) the SQL statement to extract it will become complicated.  As databases become 

larger and SQL queries more complicated the time taken to return results generally increases 

– this can result in unacceptable performance.  The concept of “tuning” an SQL statement to 

decrease its execution time is industrially important [67]. 

Although SQL is declarative it is often extended to add useful procedural elements including 

conditional logic (IF something is true THEN run query 1 ELSE run query 2), loops (for each 
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row in the table call a function using a value from the table) and variables (store the output 

from a query for later use).  These procedural features are usually proprietary - for example 

SQL Server uses T-SQL whilst Oracle uses PL-SQL. 

RDBMS products have been around for decades and during that time the SQL Relational 

model has vanquished many other competing models that were touted to replace it.  Part of 

the reason for this is the scale of the companies that are committed to developing and 

consuming RDBMS products – they have typically financially dwarfed potential competitors.  

The RDBMS vendors have also extended their relation model with features from competitors 

that were seen as useful – they are generally pragmatic rather than worrying about compliance 

with the formal relational theory. 

Popular	vendors	
RDBMS are a mature technology and there a number of vendors who provide products.  The 

most widely used products [68] are SQL Server [69],  Access [70], Oracle [71], MySQL [72], 

DB2 [73], and PostgresSQL [74].  SQL Server, Oracle and DB2 are commercial enterprise 

products (although they also often provide a free, cut-down version of the product).  MySQL 

and PostgreSQL are open-source and can also be used in enterprise applications.  Access is 

part of the Microsoft Office suite of tools and is only suitable for small applications.  

Applications can be developed to talk to databases produced by different vendors through the 

implementation of standards such as Open Database Connectivity (ODBC) [75]. 

 

2.5.2. NoSQL DBMS 

An alternative to RDBMS is “NoSQL” - an umbrella term which typically encompasses a 

number of different models (such as “Key Value Pair”, “Document Oriented”, “Columnar” and 

“Graph”)[76].   The title NoSQL is normally taken to mean “Not Only SQL” and was originally 

used in a Twitter hashtag [77].   One definition for NoSQL DBMS is that they are “Next 

Generation Databases mostly addressing some of the points: … being non-relational, distributed, open-

source and horizontally scalable.”[78].  It was found that SQL DMBS were not suitable for a 

number of applications which were needed during the rapid expansion of the world-wide web 

such as rapidly cataloguing and querying large amounts of HTML (and other formatted) 

documents and so-called “big data” [79] [80] applications.   

NoSQL DBMS often process large volumes of semi-structured and unstructured data – data 

can also be added without first defining a data model (“schema-less”) and data using different 

models can happily co-exist in the same database.  NoSQL databases are often used by 

proponents of agile [81] programming methodologies for this reason.  It is easy for 

programmers to change what data is stored and different programmers can store different 

data within the same database without needing to make any architecture changes.  NoSQL 
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DBMS also allow more parallelism (they “scale-out” rather than “scale-up”) which helps to 

reduce running costs (large numbers of cheaper servers can be used instead of a small number 

of more expensive and powerful servers) [82].  Data consistency is often sacrificed to allow 

this parallelism – NoSQL DMBS can be thought of as “consistent eventually” rather than 

fulfilling the relational model’s ACID (Atomicity, Consistency, Isolation, Durability) criteria [61] 

[83].  The CAP Theorem says that of the three properties Consistency, Availability, and 

tolerance to network Partitions, you can have at most two of them fulfilled for any shared-

data system [84].  Typically since network faults are inevitable P is assumed to be required, so 

the choice needs to be made between C and A.  A NoSQL DBMS will typically prioritise A 

over C, that is, returning inconsistent, stale data is better than returning no data at all.  

Whether this is acceptable will depend on the application domain.  For example receiving 

different answers when you query different Google search servers would not be noticed by 

the majority of users, however receiving different answers to the size of your bank account 

when you query different ATMs would be.  To see where some systems sit in the CAP 

pyramid see Figure 11, taken from [85]. 

 
Figure 11 CAP and NoSQL 

It is useful to make a comparison between a traditional RDBMS and a document  style NoSQL 

DBMS such as MongoDB [86].  The following example is adapted from [87] and uses JSON 

notation [88]. If we wish to create a database of programmers in MongoDB we can store them 

as “documents” such as : 
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{    
firstName: "Kerry", 

   lastName: "Ritter",  
city: "St. Louis",  
state: "Missouri",  
serverExperience: [ 
   "Apache",  

"IIS" 
 ],  
programmingLanguages: [  

"PHP", 
 "C#",  
"JavaScript" 

   ] 
 }  
{  

firstName: "Rob",  
lastName: "Wagnon", 
city: "St. Louis",  
state: "Missouri",  
serverExperience: [  

"Apache",  
"Nginx",  
"IIS" 

 ],  
databaseExperience: [  

"Microsoft SQL Server",  
"MySQL" 

 ] 
 }  
 
 
In comparison an RDBMS might need to define the following 7 tables to store the same 

information: 

Person (ID, FirstName, LastName, State)  
ProgrammingLanguages (ID, Title)  
ServerTypes (ID, Title)  
DatabaseTypes (ID, Title)  
Person_ProgrammingLanguages (PersonID, ProgrammingLanguageID)  
Person_ServerExperience (PersonID, ServerTypeID)  
Person_DatabaseExperience (PersonID, DatabaseTypeID)  

 
Adding new information such as educational qualifications to some or all records in MongoDB 

is simply a matter of including an array of that information in the relevant records whilst in an 

RDBMS it would require modifying the data architecture (such as creating extra tables and 

columns). In MongoDB finding a person with experience of PHP and Nginx could be done in 

the following way: 

 
db.people.find({ programmingLanguages: "PHP", serverExperience: "Nginx" }) 
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The equivalent SQL would be more complicated: 

SELECT * FROM Person p  
INNER JOIN Person_ProgrammingLanguages ppl ON p.ID = ppl.PersonID  
INNER JOIN ProgrammingLanguages pl on ppl.ProgrammingLanguageID = pl.ID  
INNER JOIN Person_ServerExperience pse ON p.ID = pse.PersonID  
INNER JOIN ServerTypes se on pse.ServerTypeID = se.ID  
WHERE pl.Title = "PHP" AND se.Title = "Nginx" 
 

NoSQL databases tend to be conceptually simpler to understand than RDBMS databases and 

faster however they also tend to use more disk space and RAM.  For document databases 

there are also limits on document size which could cause problems when trying to store 

information about an entity (such as a company) which has lots of sub-entities (such as 

employees).  Ultimately the problem that is being solved will define the features that a 

successful solution requires and this will inform the choice of database paradigm to use. 

Popular	vendors	
Some popular NoSQL DBMS include MongoDB [86], Cassandra [89], and Redis [90].  

Although NoSQL DBMS are the first choice in some application areas their industrial usage is 

lower than RDBMS [68].   Part of this can be explained by the fact that RDBMS are a better 

choice for many applications but inertia also plays a role.  If a company has been developing 

databases (and the applications that use them) in a particular technology for a number of years 

it is difficult, time-consuming, and expensive to migrate to new systems.  Traditional RDBMS 

vendors also compete with the new products by incorporating NoSQL features such as 

Oracle’s NoSQL Database [91] and DB2’s ability to manage data in XML, RDF and JSON 

formats [92].  

 

2.5.3. Other models 

There has been a significant amount of work conducted on how to store and retrieve data and 

this has generated other models of data storage.  Most of these are not of direct practical 

relevance so will not be discussed here - however the following are of interest. 

Object	Oriented	database	
Many modern programming languages (such as Java and C#) use an object-oriented (OO) 

paradigm – this uses data structures called objects which contain data and functions such that 

they have both state and behaviour.  These objects often have a close match to entities in the 

real domain that a programme is modelling.  Objects are usually created from Classes and this 

determines their type.  Other features include encapsulation (implementation details can be 

“hidden” within an object and only an interface is displayed to the rest of the programme), 

inheritance (objects can inherit from other objects which promotes code re-use) and 
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polymorphism (the same method name can be used to process different types of parameters).  

OO programmes often need to store data persistently and this can involve trying to convert 

the OO paradigm into a relation model – this is known as an impedance mismatch.  This led to 

the concept of an Object Oriented database which would provide a simple way of creating 

persistent objects.  There are a number of Object Oriented databases available but they are 

typically only used in niche markets [93].  Some RDBMS also introduced object handling 

capabilities [94] in response to the emergence of Object Oriented databases. 

Ontological	Model	
An ontology can be defined as “… an explicit specification of a conceptualization. The term is 

borrowed from philosophy, where an ontology is a systematic account of Existence. For knowledge-

based systems, what ‘exists’ is exactly that which can be represented.” [95].  Ontologies play a key 

role in the so-called semantic web – that is the work at converting the world wide web from a 

network of human readable, semi-structured documents into a web of information that can be 

readily interpreted by machines.   

Ontologies represent the content and structure of a particular domain using a formal language 

– this has similarities to the way a relational database schema defines the structure of a 

database although it concentrates on meaning and shared understanding rather than data [96].  

Ontologies consist of axioms, which described the structure of the model, and facts, which 

describe a specific situation.  It has been proposed that ontologies should be evaluated using 5 

criteria [97]: 

1. Intelligibility.  Can humans understand the ontology? 

2. Fidelity.  Does the ontology accurately describe its domain? 

3. Craftsmanship.  Is the ontology well-built and consistent? 

4. Fitness.  Does the ontology fulfil its requirements? 

5. Deployability.  Can the ontology be effectively used in its intended system? 

Description Logic (DL) is a decidable fragment of First Order Logic and allows knowledge 

representation inlcuding both general rules and specific relations between Individuals.  Broadly 

DL contains two types of constructs:  T-Boxes contain Terminological knowledge about the 

domain, such as a Man is a Person, whilst A-Boxes contain specific Assertions, such as John is a 

Man.  DL is the basis for ontology languages.  There is a trade-off between the expressiveness 

and complexity of an ontology language such that an expressive language can result in 

intractable problems. 

Ontology languages include DAML+OIL (DARPA Agent Markup Language + Ontology 

Inference Layer) [98], RDF (Resource Description Framework) Schema [99], and OWL (Web 

Ontology Language)[100].   OWL has three variants which in order of increasing 
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expressiveness are OWL Lite, OWL DL and OWL Full – OWL DL was designed to include 

the maximum expressiveness whilst retaining computational completeness and decidability 

One of the differences between the relational and ontological models is that the relational 

model is “closed world” whilst the ontological model is “open world”.  A closed world is one 

where any statement not known to be true is false – in the open world any statement not 

known to be true is simply not known.  The SQL relational model bridges this gap by 

incorporating NULL to represent an unknown value and allowing three-valued logic (with 

outputs of True, False, and Unknown).  The concept of integrity constraints are applied 

differently in the relational (and SQL relational) model and the ontological model.  In an 

example taken from [101] if a relational database exists in which every person must have a 

social security number then there will be an integrity constraint (IC) describing this rule.  If 

data for a person is added (or updated) for which no social security number exists then the 

change will be rejected because it fails the IC.  We can create an analogous ontological model 

with the same IC, however if we try and add a person without a social security number the 

behaviour is different – the update is allowed but leads to the inference that the person has an 

unknown social security number.  These, and other, differences can make the ontological 

model counter-intuitive for anybody used to using an RDBMS. 

Closely related to ontologies are concepts such as Controlled Vocabularies (a register of 

approved terms), Taxonomies (Controlled Vocabularies with hierarchical relationships) and  

Thesauri (Controlled Vocabularies with hierarchical, associative and equivalence relationships).  

Controlled Vocabularies, Taxonomies and Thesauri can be expressed in an ontology language 

and the differences between them and an Ontology can be subtle [102]. 

 

 
Figure 12 Part of AIMS Fisheries Ontology 

There are a number of ontology related resources of interest to fisheries including the World 

Register of Marine Species (WoRMS) [103], the Marine Metadata Interoperability (MMI) 

register [104], ICES Reference Codes  [105], and the AIMS Network of Fisheries Ontologies 
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[106].  Figure 12 shows part of the AIMS integrated fisheries ontology, visualised using the 

NeOn Toolkit  [107]. 

 

There are a limited number of providers for pure ontological database products and few, if 

any, would be considered suitable for enterprise scale operations.  None appear in the list of 

most common database products in use in 2014 [68].  TopQuadrant offer an ontological 

virtual data warehouse product [108]. 

IBM’s DB2 RDBMS can store RDF data and supports SPARQL [109].  RDF data consists of 

triples of the form: “subject”, “predicate”, ”object” e.g. “Brian”, “is a”, “student” whilst the 

SPARQL query language has been developed to query RDF data and is analogous to SQL in 

this respect [110].   

There have been attempts both to automatically create an ontological model from an RDBMS 

database (e.g. [111]) and create an RDBMS database from an ontology (e.g. [112]).  The 

Apache Jena project [113] offers SDB which uses an SQL database (including SQL Server, 

Oracle, DB2, MySQL and PostgreSQL)  to store RDF data – this component is not actively 

supported anymore and is superseded by TDB which stores RDF data without requiring a 

RDBMS.  The D2RQ project [114] allows RDF-based access to the content of relational 

databases via a mapping language and an engine which converts Jena API calls to SQL queries.  

The DB2OWL project attempted to create a tool to create an ontology expressed in OWL 

from relational databases (Oracle and MySQL initially) [115].  

OntoGrate automatically creates a relational database (in MySQL) by loading in an ontology 

[116].  The authors note that since querying the ontological database is typically slow they 

have instead traded an increase in database size for a decrease in query time.  This is done 

through the use of triggers and cascade-delete rules.  For example, in an ontology if “Mary and 

Jane are Sisters” we might also be able to infer that “Mary and Jane are siblings”.  This 

inference is usually performed at run time by the inference engine running the query.  

However OntoGrate instead takes the approach of using a trigger such that when the values 

“Mary” and “Jane” are entered into the Sisters table they are also automatically entered into 

the Siblings table – if they are deleted from the Sisters table, they are deleted from the Siblings 

table via a cascade-delete.  Querying whether Mary and Jane are siblings is now a simple matter 

of querying the Siblings table rather than having to infer anything.  The authors found that for 

their approach data loading table was only increased slightly compared to other approaches 

but querying time was often dramatically reduced. 
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2.5.4. R 

Much fisheries science analytical work is performed in R, which is an open source language and 

environment for statistical computing and graphics [117].  Although not a DBMS itself R is an 

important component in turning data into information.  R programming is often performed by 

scientists who would not consider themselves programmers [118] , similar to the way that 

spreadsheet calculations might be developed by end-users in a business.  There can be quirks 

when using data from a traditional RDBMS in R.  This can be illustrated by assuming a question 

has been asked and the answer recorded as NULL in a relational database.   NULLs are used 

to represent 2 different cases of missing data: in the first meaning the NULL indicates that the 

question is applicable but the answer is not known, whilst in the second the question is 

inapplicable.  R has 2 NULL-like constructs,  NA and NULL, but it is R’s NA that is the 

equivalent to the SQL NULL [119]. 

 

2.5.5. Databases and Time 

Gray [83] said that the advent of direct access data storage has inadvertently violated one of 

the longest standing principles of book-keeping – that one never alters the books.  If an error 

is noticed, it should be annotated and a new compensating entry made.  Direct access storage 

made it more attractive to simply correct an error in place rather than write a new entry.  In 

database terms this means that a naïve database application will allow direct modification of 

data without storing its previous state –thus the database only provides information about the 

current state of the system being modelled without consideration of time.   

Snodgrass [120] [121] defines 2 time dimensions that are of particular interest.  “Valid time” 

concerns the time a fact was true in reality irrespective of when it was recorded in a database.  

“Transaction time” concerns the time that a fact was present in the database.  A data model 

which supports neither of these dimensions is termed Snapshot whilst one that supports both 

dimensions is called Bi-temporal.  A roll-back database supports transaction time – it can roll-

back to a previous state.  An historical database supports valid time and can allow querying of 

past events and states.  A temporal database supports both dimensions and can show the 

difference between when an event happened in reality and when it was recorded on the 

database – this can be a significant difference. 

A temporal database could offer such benefits as automatic audit logging, automatic support 

for roll-back of data, automatic support for labelling of versions (as in source control systems), 

and automatic support for "back querying" a system (“What output would this query produce 

if I ran it on last year’s database?”).  This would come at the cost of extra complexity. 

A further complication occurs when we consider schema evolution.  This happens when the 

structure of a database needs to be changed – the reasons could include the real-world 
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process changing, a desire to store more data or mistakes in the original schema.  In the 

relation model only a single schema is valid so when it is changed data already in the database 

must be migrated, modified or deleted.  Work has been done on how schema changes can be 

incorporated into the relation model – see [122] for an old but useful annotated bibliography.  

McKenzie and Snodgrass [123] provide a formal extension to relational algebra that 

incorporates schema evolution, valid time and transaction time. 

Many databases have a need to store valid time information, for example the period when a 

fishing license was valid.  Many databases also require transaction time auditing (“Who changed 

that value and when did they do it?”).  There are, however, currently no mainstream DBMS 

that incorporate all the features of a temporal database whilst allowing efficient querying 

incorporating both time dimensions and schema changes for the database’s entire lifetime.  

IBM’s DB2 provides the closest option. - it supports temporal management by using the 

concept of “system time” (transaction time) and “business time” (valid time) [124].  It supports 

system time through the use of a history table -  a separate table with the same structure as the 

data table. Temporal queries referencing the data table will also cause DB2 to transparently 

access the history table.  Business time also has built-in support and queries can be written 

that update the validity period for data (if the validity of the new data partially overlaps validity 

of existing data then new rows can be automatically created as required).  Tables can support 

both system and business time simultaneously. 

Oracle provides some temporal functions via its Flashback feature which, once switched on, 

allows a query to be executed on the data as it looked at a time in the past (but not before the 

point Flashback was switched on) using the SELECT.  

AS OF query syntax: 

SELECT * FROM employees 
AS OF TIMESTAMP 

TO_TIMESTAMP('2004‐04‐04 09:30:00', 'YYYY‐MM‐DD HH:MI:SS') 
 WHERE last_name = 'Chung'; 
 

The length of time you can flashback to also depends on the 

“DB_FLASHBACK_RETENTION_TARGET” system setting – its default value is one day. 

SQL Server now incorporates the Change Data Capture (CDC) feature which makes use of 

the transaction log.  A database’s transaction log is a history of its actions and can be used 

during recovery after failures to ensure that the database is in a valid state and that previously 

committed transactions are re-applied to the database if necessary (fulfilling the ACID 

properties).  Once CDC is switched on (for all or some tables in a database) the details of data 

changed during inserts, updates and deletes to a specific table are then recorded in a separate 

CDC table.  By default the records in the new table are kept for 3 days but they can be kept 



NDP Marine Research Sub-Programme 2007-2013 

    
 

30

indefinitely at the cost of increasing storage requirements.  CDC can be an alternative to 

implementing an audit system but it does not allow easy querying of the data earlier in 

transaction time. 

 

2.5.6. Data Integration 

Databases are often designed to solve a specific well-defined problem such as, for example, 

keeping staff records for the people who currently work, or used to work,  at a university.  A 

typical organisation might have many databases all solving specific problems.  In this example of 

a university these might include databases for storing: student registration and exam results, 

commercial suppliers, alumni, financial donations and grants, student fees, and student society 

information.  It is often desirable to be able to combine the information held in these siloes by, 

for example, sending a financial appeal to all alumni who haven’t already donated this year and 

aren’t currently staff or students at the university.   

Another example of an organisation having data siloes is a bank who might have different 

databases recording customers who have different sorts of interactions with them (e.g. current 

account, saving account, mortgages, bonds, business account) but who need to know exactly 

how much money a person owes, or is owed, before further decisions can be made. 

In all these situations data from multiple, often heterogeneous, sources must be meaningfully 

integrated so that the desired outcome can be achieved.  This outcome will depend on the 

application domain being considered - the acceptable time-scales will also depend on this 

domain.  A life-sciences project integrating data from multiple, pre-existing surveys will have 

lower time constraints (but probably higher accuracy requirements) than a marketing project 

which needs to provide near real-time product recommendations. 

When data sources are integrated there can be a number of differences between them: 

 Syntactic heterogeneity is where different languages and technologies are used. 
 Schema heterogeneity results from different data models. 
 Semantic heterogeneity is caused by different meanings being applied to the data. 

There are a number of options for data integration which can be considered. 

Direct	Database	Integration	
Databases, and the systems that interact with them, can be directly merged together.  This can 

be a good choice where the databases are storing similar information and there is no clear 

reason to prevent the merger.  This option will tend to require changes to multiple databases 

and the applications that use them so can be expensive, complicated and risky.  It also relies on 

being able to directly alter the databases (and applications) which will often not be the case 

with third-party products. 
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Data	Warehouse	
It is often not possible or desirable to directly integrate databases but it is still a necessity to 

have outcomes based on multiple databases.  One of the main solutions to this has been the 

construction of a data warehouse.  This is a system which copies data from a number of 

different databases, undertakes some processing on this data (normally known as ETL, standing 

for Extract Transform Load) and then aggregates it into a separate “Data Warehouse” 

database.  A highly simplified version of this process is shown in Figure 13 (taken from [125]).  

A data warehouse often contains far more information than a typical user needs so sub-

sections of the Data Warehouse might be presented to different users, for example the 

Marketing department in a company is often interested in different data than the Finance 

department.  These sub-sections of the Data Warehouse are known as Data Marts. 

 
Figure 13 Simple Data Warehouse 

 

The Data Warehouse world-view is often seen as being polarised between 2 positions.  That 

of Ralph Kimball [126] promotes a Dimensional approach.  This is sometimes described as a 

bottom-up approach (although the Kimball Group deny the “bottom up” description [127])  

whereby useful Dimensional Data Marts are built as required and these are then integrated as 

a Data Warehouse.  The approach of Bill Inmon [128] is that the Data Warehouse should be a 

normalised model of the entire enterprise and is designed from top-down – it is a “Corporate 

Information Factory”. 

In the Dimensional approach data is broken into Facts (often numeric, transactional data such 

as the number of products sold) and Dimensions (the reference information to give meaning 

to the facts such as order date and sales location) [129].  The resulting designs are often called 

Star or Snowflake schemas due to the presence of a central Fact table with Dimension tables 

radiating from it – see Figure 14 taken from [130].    Kimball states that in a desire to 

normalise database schema “We have created databases that cannot be queried!” [129] so the 
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Dimensional approach is used to make querying the Data Warehouse quicker and more 

intuitive but it can require more complicated ETL procedures.  Data Warehouses that 

implement the Dimensional approach have similar schemas which can make developing and 

maintaining tools for them more simple. 

 
Figure 14 Simple Star Schema 

The Normalised approach means that the Data Warehouse follows normal database 

normalisation guidelines (often to 3rd Normal Form) and will typically result in more tables 

than the Dimensional approach, requiring more complicated queries.  The ETL process for a 

Normalised Data Warehouse will normally be simpler than the Dimensional equivalent since 

loading data from normalised data sources into a normalised database is simpler than 

translating them to a Dimensional schema. 

There are, of course, approaches that sit mid-way through the spectrum of Dimensional-

Normalised and might incorporate some elements from both.  For example, a Normalised 

Data Warehouse can be constructed that is then used to build Dimensional Data Marts. 

Since Data Warehouses require an ETL from a number of primary databases they are often 

refreshed periodically– the refresh period will typically depend on how long the ETL process 

takes and the business requirement for the data output of the warehouse.  Data Warehouses 

are often larger than the sum of the size of their data sources due to the extra information 

they hold (such as extra indexes, dimensional tables and summary tables), so source data 

inputs of total size 30TB can typically produce a Data Warehouse of 100TB [131].  A Data 

Warehouse less than 5TB can be considered small with large Data Warehouses being greater 

than 40TB [131]. 
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Data Warehouses are typically complex and require expensive development and maintenance.  

They are also seen as risky, meaning that they frequently fail to deliver the expected benefits 

[132]. 

Data Warehouses can be implemented in standard DBMS however there are a also a number 

of specialist suppliers and products.  Leading Data Warehouse products [131] [133] include 

Teradata [134], SAP Business Warehouse [135], IBM Netezza [136], Oracle Data Warehouse 

[137] and Microsoft SQL Server. 

 

Federated	integration	
Sometimes it is not desirable or possible to aggregate databases either into a single database or 

data warehouse.  In this case a federated structure could be adopted.  This means there is a 

central database server but it does not necessarily store any data itself – instead it contains 

links to other databases.  These other databases might be heterogeneous in structure and not 

necessarily co-located in the same organisation or country.  The federated database system 

must then be able to translate a query into languages the other databases understand, query 

those databases and then amalgamate the results into a meaningful answer.  See Figure 15 for 

an example taken from [138]. 

 
Figure 15 Federated database structure example 

 

Each of the federated databases might also be able to act as a federated database server itself 

which can result in a federated network where all participants only directly store their own 

data but can query the data held on all the network databases. 
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To be able to query the population of databases it is usually necessary to have a form of 

mediated schema which allows mapping between the query and the databases.  This is 

performed in two main ways [139] [140]: 

 Global-As-View (GaV).  Each entity in the global schema is associated with a View over 

all the databases e.g. the Global Vessel entity is actually a View over the relevant vessel 

tables in all the databases.  If new databases are added to the system then the global 

schema must be adapted to take them into account. 

 Local-As-View (LaV).  Entities in the databases’ local schemas are actually defined as 

Views of the global schema, that is, they describe what information in the federated 

database is available in that local database.  Adding new databases is easier than in the 

GaV since no information about the local database is present in either the global 

schema or other databases.  Querying the LaV system is much harder than the GaV 

model though. 

An illustrative example is provided by the life sciences.  There are many scientific studies 

performed by many different international groups for specific purposes and these produce 

data.  Often it is useful for groups working later in time to return to the data produced during 

these studies and analyse them in different ways (e.g. new techniques become available, new 

research questions are posed, or a meta-analysis of multiple studies is required).  These later 

groups are not necessarily based in the same institute or country as the original research 

group.  Under European Data Protection laws [141] there are strict controls on how and 

where sensitive personal data can be stored and used and the consent required to be given by 

the subject.  Health information about named individuals clearly falls into the realm of sensitive 

personal data so its processing would have required an explicit consent from those individuals.  

This initial consent would not cover further processing or storage of the data by the later 

research group so the primary data cannot be directly shared.  Anonymised or aggregated data 

could potentially be shared but this might not be suitable (or practical for very large data sets).  

One approach is to allow federated querying of all these pre-existing data sources – this has 

the advantage of not restricting the final end-user to a pre-decided aggregation level but 

allowing them to choose what level of data they are interested in.  The federated database 

query server can implement specific rules to comply with legal restrictions such as not 

returning personally identifiable information in the output without restricting its use in the 

query itself.  The original personal data remains in-situ so no additional consent is required by 

the data subject.  The DataSHIELD project [142] undertakes this approach, see Figure 16 taken 

from [143]. 
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Figure 16 DataSHIELD 

 

Federated systems are necessarily more complicated than single databases since they must be 

able to mediate between other databases.  Not all of these complications are unique to 

database federation but they include:  

 What happens if one (or more) of the databases is not available? 

 Should the speed of the system be dependent on the slowest database link? 

 Are the databases entirely independent or does their data cross-over?  Are there 

contradictions between the databases?   

 Are there errors in the databases?   

 How do we deal with different levels of data hygiene between databases? 

 How do we translate queries from one language and technology to another? 

 How do we map multiple, different database schemas together? 

On the subject of mapping database schemas, in the field of epidemiology the DataSHaPER 

platform has been developed to provide a flexible yet structured, scientific approach to data 

harmonisation.  Within DataSHaPER a DataSchema provides a set of variables to be shared 

between studies while the Harmonisation Platform contains rules that determine whether the 

particular data items collected by individual studies can be used to create a DataSchema 

variable [144] [145]. 

 

Ontologies	
Considering the third of the three data integrations - semantic heterogeneity i.e. different 

meanings being applied to the source data. An example of semantic heterogeneity is the fact 

that multiple labels can mean the same thing and one label can mean multiple things [146].  

This can end up in the question: is Vessel A from database 1 the same as Boat A from database 
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2?  Ontologies can be used to ameliorate the effects of semantic heterogeneity by providing a 

formal mapping of the meanings of the data in the databases. 

A complication can arise if the databases already have ontologies defined but they are not the 

same.  In this case mapping between ontologies can be required.  In a Single Ontology 

approach all source schemas are mapped to a global ontology.  In the Multiple Ontology 

approach each source has its own ontology and these are then mapped between each other.  

In the Hybrid approach each local database has its own ontology but these are then mapped to 

a global ontology rather than each other [140].  Use of a common top-level ontology can make 

this process easier [147]. 

There are few examples of ontological enterprise data integration but an exception is the 

modelling of the Italian Public Debt using Ontology-Based data access (ODBA) [148] [149] 

[150].  In this case ontology experts worked with domain experts to create and refine an 

ontology which encompassed a number of different financial concepts and isolated databases 

within the Italian Ministry of Economy and Finance.  One of the aims was to allow users to 

query the entire set of public debt financial data without needing to know exactly which 

queries for which databases needed to be written – queries could be expressed in terms of the 

outcome without knowledge of the implementation.  Mappings between the ontology concepts 

and SQL queries on the existing databases were then created.  It was noted that initially the 

process of converting an ontology query into a SQL query was inefficient such that even a 

simple ontology query could produce a re-written SQL query which was impractical to run.  

Techniques to improve the conversion were implemented, including caching mappings.  The 

ontology developed during the project was then used as the basis for commissioning further 

database and information systems. 

 

 
Figure 17 OntoGrate architecture 
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Figure 17 shows a conceptual architecture for OntoGrate, taken from [116].  The user (1) 

issues a query using the semantics of the source ontology which (2) gets translated into the 

semantics of the target ontology using an inference engine which is then (3) issued as a 

database query using a SQL syntax wrapper from which (4) target data is returned and finally 

(5) translated back into the source semantics for the user to interpret. 

The Fishery Ontology Service Project (FOP) [151] [152] aimed to integrate legacy data 

structures for the purposes of semantic interoperability.  Specifically it created an integrated 

ontology incorporating the following sources: OneFish (a fishery projects portal), the 

AGROVOC thesaurus, the ASFA thesaurus, and FIGIS ( a network of fisheries information).  

FOP briefly considered how a user could use the unified ontology to query underlying, 

distributed fisheries databases but further work was beyond the project’s scope. 

The NETMAR project [153] [154] aimed to integrate heterogeneous marine data sources to 

enable users to search for existing services and build new services by linking together existing 

ones.  It used a semantic framework coupled with ontologies for identifying and accessing 

distributed data.  To prove the concepts a number of pilot case-studies were developed such 

as the “International Coastal Atlas Network (ICAN) for coastal zone management”.  Figure 18 

shows a simplified architecture, taken from [155]. 

In the examples cited the work had a solid foundation and a large amount of effort was 

expended to define, integrate and extend ontologies.  It has been noted, however, that the use 

of ontologies can add to the complexity of a situation without adding significant benefits [156].  

For example, it has been argued that the semantic web does not need well-defined, consistent 

ontologies and that the weaker concept of Linked Data is sufficient [157].  Tim Berners-Lee 

defined the 4 Linked Data principles for the semantic web  [158] as: 

1. Use URIs as names for things. 

2. Use HTTP URIs so that people can look up those names. 

3. When someone looks up a URI, provide useful information, using the standards (RDF, 

SPARQL). 

4. Include links to other URIs, so that they can discover more things. 
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Figure 18 NETMAR data integration 

 

The INSPIRE directive of 2007 committed EU member states to establish an infrastructure for 

sharing spatial information based on 34 themes [159] – these include topics such as “Species 

Distribution”, “Protected Sites” and “Administrative Units”.  The intention is that all member 

states will make available both metadata and data in a standard format that can then be used by 

others.  However a visit to the current INSPIRE geoportal [160] shows that while there are a 

number of entries for metadata few, if any, of these include actual data in the INSPIRE format.  

The technical complexity of the INSPIRE specifications and lack of suitable tools has been  

given as a reason by a number of users for slow progress in implementing data services [161]. 

 

2.5.7. Data Repositories 

Data repositories are used in this case to mean a system that provides long-term storage for 

sets of data – the same system will also be used to manage access to the data.  The data within 

an individual data set will normally not change with time however data sets are added to the 

repository.  Submission of scientific papers for publications in journals might also require the 

deposition of the data the paper is based on into a suitable repository [162] [163].  There are 

many such repositories [164]  and they often store a wide variety of data formats under 

different licenses for access and reuse.  The data stored in the repository is usually isolated 

from all the other data in the repository.  Efforts are being made to ensure researchers 
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recognise the need for long term storage and potential secondary re-use of their data [165] 

[166] [167]. 

An Integrated Data Repository (IDR) is similar to a data warehouse in that the relationships 

between data produced by disparate systems are also stored.  IDRs have been used in the 

medical industry to store data produced by different studies [168] [169] [170] – in this case a 

repository would be appropriate because the data sets from the studies being integrated 

would not be altered once the study is complete.  In contrast a data warehouse typically 

integrates operational data which is subject to change.  

2.6. Software Engineering 

For almost as long as software engineering has existed software projects have tended to over-

run on time and budget and under-deliver on output.   

 

 
 

Figure 19 Waterfall model 

There are a variety of reasons for this and “no silver bullet” to solve them [171].  Public sector 

IT projects seem to be particularly prone to failure – it has been shown that although on 

average these projects don’t have an over-spend this figure masks the fact that a significant 

minority can end up costing much more than expected [172]. Traditionally software 

engineering followed what is known as the “Waterfall” model which has a number of distinct, 

sequential phases - each phase is completed fully and documented before moving to the next 

stage.  See  

Figure 19, taken from [173], for an example.  Some of the problems with the Waterfall model 

is that testing tends to occur late in the project life-cycle – if the testing un-covers serious 

problems then the entire project must be started again from scratch.   
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Figure 20 MI Application Development Cycle 

 
It also does not allow for any real change to occur in the project’s life-cycle – all the planning is 

done at the beginning and cannot be easily altered.  It also tends to favour large amounts of 

documentation which programmers traditionally don’t like doing.   Large numbers of different 
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project management models have been developed to remedy these problems – many of them 

making use of shorter iterations and earlier testing than the Waterfall model.  The current 

favourite competing paradigm is “Agile” – the Agile Manifesto [81] values: 

 Individuals and interactions over processes and tools 

 Working software over comprehensive documentation 

 Customer collaboration over contract negotiation 

 Responding to change over following a plan 

There are many specific agile practices but they all accept change as inevitable and incorporate 

it into the life-cycle. 

 
The MI has an application development cycle that is based on a Waterfall approach – see 

Figure 20. 
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3. FEAS DATA REVIEW 

There has been a comprehensive review of the current fishery data collected within the EU 

and this document will follow some of the conventions used in that report [174].  The type of 

fisheries data that FEAS manage can be broadly categorised as follows: 

 “Transversal” – this includes data on value and volume of catches and landings, fishing 
effort and fleet capacity.   

 “Biological” – this includes sample and survey data, fishery dependent and fishery 
independent data on variables such as the number, length, weight, sex and age of fish 
species in a given location. 

One of the key practical differences between these types of data is that the MI generate 

Biological data themselves whilst the Transversal data is generated by third parties such as the 

Sea Fisheries Protection Authority (SFPA) under Control Regulation (CR) laws and is not 

“owned” by the MI.  The Open Data Barometer report in 2015 showed that the Irish 

government does not rank highly for data transparency [175] [176] -  this is apparent in the 

challenges in accessing and using CR data even once it has been anonymised.  It has been said 

that logbooks have two lives, the first being a direct enforcement tool and the second being a 

data dissemination vehicle [177] however the primary purpose of the SFPA is enforcement so 

it is not a surprise that this is what the logbooks infrastructure is tailored towards.  These 

points cause challenges in the access, management and use of Transversal data. 

The combination of Transversal and Biological data allows an estimate of the size of a 

population of a fishery to be made, along with other factors such as mortality rates, age 

distribution and maximum sustainable yield.  This is a non-trivial process and is usually carried 

out in collaboration with other scientific experts at ICES working groups and meetings.   

 
Figure 21 From Data to Advice 
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It must be stressed that it is not just a matter of, for example, writing a database query to 

estimate the fish population size but a complicated activity [178].  Figure 21 shows the data 

flow from the MI databases to the final production of advice from ICES for an arbitrary expert 

group.  There are almost 150 ICES expert groups and workshops – many of which require 

data to be produced at different aggregation levels.    Figure 22, taken from [179], shows how 

data is eventually used to inform the setting of TACs.  

 

 
Figure 22 From Data to TAC 
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Figure 23 Data connections supporting fisheries management advice 

 

 
Figure 24 ICES: How is advice produced? 
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Figure 23 (taken from [180]) shows more of the complexity involved in aggregating data from 

various sources for final use in providing scientific advice to the bodies responsible for fisheries 

management.  Figure 24 shows ICES’ view of the advisory process. 

The majority of FEAS data is held in structured, relational databases predominantly managed 

through Microsoft’s SQL Server or Access DBMS. 

 

3.1. Key FEAS Data Sources 

Table 1 shows a summary of some of the important data sources used within FEAS. 

Name Description Biological/ 
Transversal/ 
Other 

Sample/ 
Survey/ 
Census 

Platform 

Stockman Fishery dependent 
sampled data 

Biological Sample SQL Server 

Nephrops Sample and survey data 
about Nephrops 

Biological Sample and 
Survey 

SQL Server 

Ageing Sample 
Tracking 

Sample tracking system Other N/A Access 

Inshore 
Fisheries 

Developmental system 
for inshore fisheries 
information 

Biological Sample SQL Server 

Demersal 
Discards 

Demersal Discards 
observer recording 

Biological Sample SQL Server 

Pelagic 
Discards 

Pelagic Discards observer 
recording 

Biological Sample Access 

Discard 
Tracking 

Admin tool for tracking 
discard samples 

Other N/A Access 

Irish 
Groundfish 
Survey (IGFS) 

Data from the Ground 
fish and Deep water 
surveys 

Biological Survey SQL Server 

Acoustic 
Survey 

The aim of the acoustic 
surveys is to determine 
the relative abundance of 
the target species using 
sound waves. 

Biological Survey Access / SQL 
Server 

Underwater 
TV Survey 
(UWTV) 

Nephrops burrows 
survey data 

Biological Survey SQL Server 

Logbooks Subset of data from 
DAFM IFIS 

Transversal Census SQL Server 

Historical 
Logbooks 

Subset of data from 
DAFM pre-IFIS 

Transversal Census SQL Server 

VMS VMS data Transversal Census SQL Server 
FEAS_Consolid
ated 

Reference lists Other N/A SQL Server 

Table 1 Key FEAS Databases 
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Figure 25 gives an overview of how the FEAS data sources interact and are used to produce 

outputs. 

 
Figure 25 FEAS Data Sources 
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3.1.1. Biological 

Stockman	
Stockman is used to manage data produced by sampling catches of commercial fishing vessels – 

both demersal and pelagic species.  The MI operates a port sampling programme where 

catches are sampled and “Measured data” (length-frequency counts) and “Morphology data” 

(length, weight, age, sex and maturity readings) are produced.  Paper data-sheets are used to 

record the information and it is then later entered on to the database.  Whilst some of this 

information can be recorded immediately the age readings cannot be - otolith samples must be 

taken and then brought back for preparation and lab analysis. 

Data about the fishing trip which led to the catch is also recorded – this includes vessel name, 

gear, and the ICES statistical area of the catch.  Metadata such as the sampling personnel and 

sample location is also stored.  Figure 26 shows an Entity-Relationship diagram for Stockman 

(it also incorporates the Nephrops tables). 

 

Recommendation	
The user interface for Stockman was written by a contractor so the source-code is not 

available to the MI – the technology it was written in is also out-dated.  A new version of 

Stockman should be written using the feedback obtained from the users [181] [182].  This new 

version should be designed such that further integration with other MI data sources is 

relatively easy. 
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Figure 26 Stockman and Nephrops 
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Nephrops	
Both commercially sampled and survey biological data on Nephrops (“Dublin bay prawn”) is 

stored in the same database as Stockman (Figure 26) – this is due to the sharing of reference 

tables. 

Recommendation	
The biological Nephrops data produced by commercial sampling and that produced by surveys 

should be split.  The commercial data should be incorporated into the new Stockman whilst 

the survey data should be stored elsewhere.  

 

Inshore	Fisheries	
This is a new database which is still in the development phase.  It is designed to hold data 

about inshore stocks which have previously been recorded on spreadsheets.  Existing 

spreadsheets will be uploaded to the database.  New data will still be collected on 

spreadsheets for the time being and uploaded to the database via a bespoke utility. 

Recommendation	
Development of the Inshore Fisheries database is a good first step from storing data on 

spreadsheets – development should be continued on this. 

 

Demersal	Discards	
Discard sampling allows the MI to quantify that part of the catch that is not landed at the 

ports. Sampling of catches at sea provides a reliable method of acquiring data on the quantity 

and species composition of discards.  Collecting information on the discards allows the re-

construction of the whole catch for a particular species, which is extremely important in 

stocks where the discards are a substantial part of the catch [183].  Discards should be 

recorded in the fishing vessels’ logbooks where they are greater than 50kg, however the 

amount of discards recorded compared to that seen by observers is only a small fraction.  

Sampling the length and age of discards also allows the estimation of the discard size at age 

composition, which is sometime quite different to the size at age composition of landings. 

The MI Fisheries Assessment Technician (FAT) discard programme monitors all the major 

fleets in the main ports. Currently there are FATs based in Greencastle, Ros an Mhíl and 

Castletownbere.  The discard work is also supplemented by Fishery Sampling Contractors. 

The Demersal discard data is recorded on paper data sheets and these are then entered at the 

port into a SQL Server database via an Access user interface.  The structure of the database is 

shown in Figure 27. 
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Figure 27 Demersal Discards 

Recommendation	
The process of integrating the discards databases with a new version of Stockman should be 

investigated.  Stockman contains data on a vessel trip level but the discards data are recorded 

on a haul level – this extra level of hierarchy will need to be accounted for. 
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Pelagic	Discards	
Pelagic discards are similar to the Demersal discards except they occur on vessel targeting 

pelagic species.  The pelagic discard information was initially recorded on an old type of paper 

data sheet which was then entered in to spreadsheets.  The paper data sheets were then 

revised and an interim Access application was developed that was required to both upload the 

old style spreadsheets and allow entry from the new style paper data sheets.  The structure of 

this database is shown in Figure 28.   

Recommendation	
The Pelagic database should be migrated from Access to SQL Server and the possibility of 

integration with the Stockman and Demersal Discards databases and applications investigated. 
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Figure 28 Pelagic Discards 
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Irish	Groundfish	Survey	(IGFS)	
The main objective of the IGFS is to provide information on commercially exploited fish stocks 

- in particular the survey provides an index of the share of young fish in the stock. This is an 

important source of information not available from commercial landings due to the legal 

minimum fish length restrictions on commercial catches.  The survey provides data on species 

and environmental parameters in areas of both high and low commercial activity.  

The International Bottom Trawl Survey Working Group (IBTS) co-ordinates demersal trawl 

surveys under ICES for the North Sea and Northeast Atlantic. Each survey operates under a 

set of agreed standard protocols.  Hauls are carried out at specific locations called stations – 

170 stations are carried out annually over 6 weeks.  Once the catch is aboard it is sorted into 

species and samples taken for calculation of number at length for all fish, elasmobranch and 

commercial squid species.  Samples are also taken for most commercial fish species to 

determine their age, sex and maturity [184]. 

 
Figure 29 IGFS Stations 

The IGFS data is stored in a SQL Server database called FSS_Survey and is entered via a Visual 

Basic application written by the UK’s Centre for Environment, Fisheries and Aquaculture 

(CEFAS) [185].  A copy of the database is taken to sea during the survey.  During this time 

changes can also be made to the FSS_Survey database which remains at the Marine Institute.  

On the survey’s return the database that was taken to sea must be merged with the other 
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copy – this process is currently ad-hoc and could be improved.  The Entity-Relationship 

diagram for FSS_Survey is shown in  

Figure 30. 
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Figure 30 FSS_Survey database structure 

The IGFS measuring system uses 3 main components (see  

Figure 31) written by the Centre for Environment, Fisheries and Aquaculture Science (CEFAS): 

1. A measuring application which is installed at a number of tablet work-stations running 

Windows XP.  This is written in VB and uses MS Access 97 for data storage – the MI 

does not have access to the source code.   

2. The measuring application reads data in using a barcode scanner pen (this acts like a 

keyboard input) and communicates with the master application over an NMEA cable.  

The master application sends “metadata” to the measuring application, the measuring 

application then appends measurements to these metadata records and this is 

uploaded back to the master application. 

3. A master application which is installed on a ruggedized laptop running Windows XP.  

This is written in VB and uses MS Access 97 for data storage – the MI does not have 

access to the source code.  

4. This application allows the entry of metadata records (using copies of the FSS_Survey  

database reference tables) and allows these to be sent to the measuring applications.  

The results from the measuring applications can then be uploaded to the master 

application and some basic QC checking is performed. 

5. The FSS_Survey application which is installed on a server.  This is written in VB and 

uses SQL Server – the MI does not have access to the source code. 

6. The FSS_Survey application is the main survey application and reads the data from the 

master application. 

Other programs include a QC program written in R/TCL/Tk which runs on the data read by 

the master application.  Extensions to the FSS_Survey application have also been written. 

The measuring and master application (1 and 2 above) are the weak links in the chain and need 

replacing due to their reliance on un-supported technology. 

Recommendation	
The measuring applications used by the IGFS rely on outdated technology and need replacing 

sooner rather than later .  The IGFS data is entered via an application that was not written by 

the MI – it could be possible to buy the source code for the application and further develop it.  

Alternatively the concept of an integrated survey database could be explored. 

The synchronisation of IGFS data between survey vessel and MI server should be studied and 

improved – it is currently too ad-hoc and this could be a source of errors. 
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Figure 31 IGFS application architecture 

Acoustic	Survey	
The aim of an acoustic survey is to determine the relative abundance of the target species - the 

MI performs acoustic surveys targeted at Herring, Blue Whiting and Boarfish [186].  These 

surveys are generally carried out on spawning and pre-spawning aggregations of fish. Outside 

of the spawning season many pelagic species are often scattered over a large geographical area 

and difficult to detect using acoustic methods. A cruise track is designed with data from 

previous surveys, commercial catch data and the help of the fishermen and fishing industry. 



NDP Marine Research Sub-Programme 2007-2013 

    
 

57

 
 

Figure 32 Herring mark 

These surveys use sound waves emitted from a transducer to estimate the density of plankton 

and fish shoals. The survey vessel tows the transducer under water, which is linked to an echo 

sounder in the vessel which records the shoals of fish as "marks" on screen.  The species 

composition of each mark is then identified by taking trawl samples - the density and number 

of marks are then converted into biomass of the different species.  

 
Figure 33 Herring acoustic survey tracks 

Whilst at sea the acoustic survey data are loaded into an Access databases – each survey’s data 

resides in its own Acess database and is stored at the MI.  The intention is to write an upload 

utility which will simplify the task of consolidating these datasets on to a single SQL Server 

database.  The Entity-Relationship diagram for the SQL Server database is shown in Figure 34. 

Recommendation	
The upload utility for the Acoustic survey must be developed to allow all the survey data to be 

stored in a single accessible location.  Once this is done further integration with the rest of the 

MI data becomes possible. 
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Figure 34 Acoustic survey database 

 

Underwater	TV	Survey	(UWTV)	
Nephrops (Nephrops norvegicus) also known as the Dublin Bay Prawn are common around the 

Irish coast and are commercially valuable. They are found in distinct sandy/muddy areas where 
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the sediment is suitable for them to construct their burrows.  The UWTV survey counts 

Nephrops burrows using an underwater video camera which is towed over the sea bed for 10 

minutes travelling approx. 200m at 0.8 knots on a purpose built sledge (see  

Figure 35). The number of burrows in the seabed are then counted by experienced scientists. 

These burrow density estimates are then raised up to the entire area of the Nephrops 

grounds using statistical methods [187].   

 
 

Figure 35 UWTV sledge 

Samples are also taken using a 4m beam trawl – all Nephrops caught are sorted by sex and 

maturity category, weighed and measured using the NEMESYS electronic measuring system.  A 

length stratified sub-sample of Nephrops is taken for each haul where individual length, whole 

weight, tail weight and maturity were recorded.  The fish catch is identified to species level and 

sampled by weight only. The benthic catch is identified, weighed and counted [188]. 

Nephrops are managed in Functional Units (FUs) - Figure 36 shows FU15, 16 , 17, 19, 20, 21, 

and 22 which are covered by UWTV surveys. 
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Figure 36 UWTV survey areas 

UWTV survey data is recorded in 2 main places.  The UWTV burrow count survey data is 

stored in dedicated Access databases whilst the survey is at sea – on return these databases 

are then uploaded to the UWTV_Surveys SQL Server database using a dedicated upload 

utility.  The biological data measured by NEMESYS is stored in the Stockman database -  Figure 

26 highlights the specific Nephrops tables within the Stockman database, taken from [189]. 

Recommendation	
A clearer distinction between commercial sample and survey data should be made.  The 

Nephrops biological survey data can then be incorporated with other survey data.  The 

feasibility of integrating the survey data with other the other survey databases should be 

investigated. 
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Figure 37 UWTV access database 
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3.1.2. Transversal 

Logbooks	
The EU requires that fishing vessels keep a record of their fishing activity using logbooks – 

these logbooks are a mixture of electronic systems (the electronic recording and reporting 

system, or ERS) for most vessels greater than 12 metres in length and physical, paper logbooks 

for smaller vessels [190].  These logbooks store information including operational information 

(time spent at locations, fish caught at locations, gear used) and declarations (the record of the 

fish landed at ports).  Logbooks data is stored and managed by DAFM using their Integrated 

Fish Information System (IFIS) database.  IFIS is also used to store the register of Irish fishing 

vessels (including identifiers, physical characteristics and license status) and sales information 

(where fish was sold and for what price). 

One of the requirements of the MI is to take part in the Data Collection Framework to allow 

fishery population estimates to be generated – Logbooks data is required for these estimates 

to be made and this is supplied from IFIS by DAFM. 

IFIS is a complicated system which was not primarily designed to store data for the purpose of 

fish stock estimation so DAFM have not been able to supply data in the format of “raw” tables 

from the database instead the MI has worked with DAFM to define Views of the data.  These 

Views are intended to hide some of the unnecessary detail of IFIS and present the data in way 

the MI can use more easily – as of Q1 2015 there were 22 Views. 

These Views are transmitted to the MI (as 22 files zipped into a single archive) 2 or 3 times a 

year.  These files are then used to create a database – that is, the MI’s view of the Logbooks 

data at a specific time.   

Figure 38 shows the main tables in this database.  The transfers would usually consist of a draft 

snapshot before all the IFIS data from the previous year had been finalised (typically in 

February) and a final snapshot in April or May.  This final snapshot would be used as the source 

of Logbooks data at the MI until the following year. 

There are a number of problems with this system: 

 The process of sending the snapshot from DAFM to the MI has a large manual 

component which introduced a number of errors such as inconsistent formats 

between snapshots.   

 It requires manual intervention at the MI to process the files into a database which is 

time-consuming.   

 Creating a coherent database from the individual files is not straight-forward since they 

are based on de-normalised Views rather than individual tables. 
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 There is a large time difference between when a logbook record was created on IFIS 

and when the MI are able to access it (possibly over a year) – this makes it difficult to 

match sampling records to logbook records. 

 It is also a long-standing complaint that the MI were possibly not receiving all the useful 

data from IFIS that they could be since they didn’t know exactly what data was stored 

on the system. 
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Figure 38 Marine Institute view of Logbooks 

Recommendation	
DAFM should be engaged so that a more automated Logbooks system can be produced, 

potentially based on the ongoing changes to Logbooks be regularly sent to the MI.  A review of 
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the IFIS information that the MI received should be carried out and requests for changes sent 

to DAFM. 

 

Historical	Logbooks	
Historically Logbooks data has been received by the MI in a variety of ways [191]: 
 

 Logbooks data files from 1995 to 2002 were received annually from DCMNR’s (the 

fore-runner of DAFM) Fish Catch Reporting System (FCRS). These data files were 

available within separately yearly Access databases. 

 Logbooks data from 2003 to 2004 was initially received within two Access databases. 

These databases were built from DCMNR’s IIFS (Interim Integrated Fisheries Solution).  

 In early 2006, a new SQL Server database was developed from DCMNR’s IFIS 

(Integrated Fisheries Information System).   

The current SQL Server database contains complete Logbook data from 2003 onwards so the 

two interim Access databases are no longer required.  However data from 1995 onwards can 

still be required and this is held in the Logbooks_Historical SQL Server database.  The Entity-

Relationship diagram for this database is shown in Figure 39. 

 

 
Figure 39 Logbooks_Historical 
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Recommendation	
This database serves as an archive of the data – no changes are required. 
 

VMS	
As discussed previously most commercial fishing vessels over 12m in length must have an 

operational Vessel Monitoring System (VMS) fitted.  This is a satellite-based system which 

provides a Fisheries Monitoring Centre (FMC) with the position, speed and course of the 

vessel at least once every 2 hours.  The MI requests a copy of this data from the Navy annually 

for use in its analyses – the data supplied to the MI might have sensitive information removed.  

The structure of the VMS database (shown in Figure 40)  is simple since it consists of vessel 

information, vessel position, speed and heading for a given time and an audit of vessel changes.  

There are typically a few million rows in the VMS_Position_Report each year. 

 

 
Figure 40 VMS database 

Some problems with the VMS data include: 
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The VMS extract received from the FMC includes date_time_logged, date_time_received and 

date_time_updated fields.  These should be in chronological order of date_time_logged, 

date_time_received, date_time_updated but this is often not the case. 

A vessel can have multiple VMS_Position_report entries with the same value of 

date_time_logged. 

 

Recommendation	
It would be advantageous if the VMS data was available more readily available – it must 

currently be formally requested annually.  The feasibility of receiving VMS data more regularly 

and in a more automated manner should be investigated. 

 

3.1.3. Other Types of Database 

FEAS_Consolidated	
FEAS_Consolidated contains reference lists for a number of concepts – it also includes 

mappings between the values of keys used in particular applications.  FEAS_Consolidated will 

be used to further develop Controlled Vocabularies and should be considered in all future 

developments. 

 

Table Name Description 

Application_Configuration_Parameters Application parameters, used by Inshore 

MD_BirdByCatchReferenceTbl Bird ByCatch species from Demersal 

Discards 

MD_Discards_Vessel Vessel information from Demersal 

Discards, linked to Logbooks Vessel ID 

MD_Gear Gear information from Demersal Discards 

and Inshore 

MD_Gear_Tree Gear hierarchy, linked to MD_Gear 

MD_Ground_Type Ground information from Demersal 

Discards 

MD_ICES ICES spatial areas, linked to Demersal 

Discards and Stockman 

MD_ICES_Tree Hierarchy of ICES areas, linked to 

MD_ICES 

MD_MarineMammalReferenceTbl Marine Mammal ByCatch species from 

Demersal Discards 
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MD_Personnel Personnel linked to Demersal Discards 

and Stockman 

MD_Port Ports linked to Demersal Discards and 

Stockman 

MD_ReptileByCatchReferenceTbl Reptile ByCatch species from Demersal 

Discards 

MD_Sea_State Sea state information from Demersal 

Discards 

MD_Sea_Swell Sea swell information from Demersal 

Discards 

MD_Sea_Swell_Dir Sea swell direction information from 

Demersal Discards 

MD_Wind_Dir Wind direction information from 

Demersal Discards 

MD_Wind_Force Wind force information from Demersal 

Discards 

YesNo_LUT A reference list for yes/no questions 

 

Recommendation	
During all future developments the possibility of either moving current reference lists into 

FEAS_Consolidated or mapping to an existing FEAS_Consolidated list should be borne in 

mind.  Particularly important information to migrate to the database will be a consolidated 

Vessels list, and chronology of Vessel changes, and Species information. 

 

Ageing	Sample	Tracking	
This Access database is used to track otolith samples that are brought to the lab for ageing. 

They are tracked from being sent to the lab for preparation and being returned for ageing. 

The database also incorporates a separate facility to assign sampling targets for the commercial 

sampling program.  Users must enter a summary of sampling performed because the database 

is not connected to the Stockman database. 

Figure 41 shows the Entity-Relationship diagram for this small database. 
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Figure 41 Sample tracking database 

 

Recommendation	
The sample tracking database functions should be incorporated into a new version of 

Stockman – this would both reduce the need for repetitive data entry and make the system 

more reliable. 

 

Discard	Tracking	
This is an Access based administrative tool for tracking demersal discard information within 

the MI – it performs a similar function to the Sample Tracking database in this respect.  

Payments are also tracked in the database.  The structure of the database is shown in  

Figure 42. 

Recommendation	
The current discard tracking database functions should be incorporated into the discard 

database, possibly in a new version of Stockman.  The processes for pelagic and discard 

recording should be harmonised as far as possible. 
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Figure 42 Demersal Discard Tracking 

 

3.2. Conclusion 

The following recommendations about the key FEAS data sources are made. 
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1. A new version of Stockman should be developed.  The development process should 

investigate the possibility of including the functions currently contained within a 

number of different databases, namely: 

 Stockman 

 Sample Tracking 

 Demersal Discards 

 Pelagic Discards 

 Discard Tracking 

2. The possibility of harmonising the MI survey databases into a single database should be 

investigated. 

3. The upload utility for the Acoustic database needs to be written. 

4. The separation of Nephrops commercial sample and survey data should be performed. 

5. The transfer process from DAFM to the MI of Logbooks data should be improved. 

6. The transfer from the Navy to the MI of VMS data should be improved. 

7. During all future developments the possibility of either moving current reference lists 

into FEAS_Consolidated or mapping to an existing FEAS_Consolidated list should be 

borne in mind.  A list of specific questions as to whether reference information should 

be added to FEAS_Consolidated could be drawn up to help this process. 

8. Most SQL Server databases are currently running on SQL Server 2008. All SQL Server 

databases should be upgraded to SQL Server 2012. 

9. The syncing process for databases taken to sea should be improved. 

10. Use of built-in SQL Server features should be increased.  For example, using “Change 

Data Capture” to create audit trails, or “Replication” for synchronising reference data 

from FEAS_Consolidated to other databases. 

11. An investigation of alternatives to paper data sheets as the primary point of data 

capture should be held. 
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4. SAMPLING DATA REVIEW 

4.1. Introduction 

Figure 43 shows the essential characteristics of working with sampled data, taken from [192].  

In the fisheries world the sampled data can be referred to by a number of names (e.g. 

biological data, sampling data, or detailed data) as can the population data (e.g. fisheries data, 

control data, transversal data or aggregated data).  Sampling is done because it is not possible 

to measure the entire population, instead a representative sample of the population is taken 

and measured in detail.  Sampling aims to examine representative sub-sets of the data with the 

purpose of producing estimates of parameters that are as close as desired to the true values 

that would be obtained through a census whilst reducing the operational costs [193].  

Operational logistics can bias the sample and produce estimates that are systematically 

different from the real value, for example if a large number of boats land at the same time then 

it would be tempting to record data from those with a small catch so as to increase the 

number of vessels sampled.  Sampled data is “raised” to the population level by taken into 

account information about how the sampling was done and population data such as logbook 

records.  Care needs to be taken about how the estimates produced are then used – the 

numbers produced during the process are dependent on the models used and the data 

collection process and should not simply be treated as raw data [194]. 

 

 
Figure 43 Sampling 

 

Figure 44, taken from [195], shows how some popular sampling methods are classified.  

Probability sampling is a class of techniques in which every unit in the population has a chance 

of being selected in the sample, and this probability can be accurately determined.  Non-

probability sampling includes those techniques where either some elements of the population 

have no chance of being selected or the probability of selection can’t be accurately 
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determined.  The MI currently perform Quota Sampling but there is an internationally 

coordinated movement towards Design Based Sampling (also known as Statistically Sound 

Sampling). 

 
 

Figure 44 Popular sampling methods 

 

4.2. Quota Sampling 

Sampling theory assumes that samples of the population are taken in a probabilistic manner 

however this is not always the case.  One such non-probability sampling technique is known as 

Quota Sampling – this involves defining quotas for sample sizes with respect to pre-selected 

variables.  A simple example might be selecting a sample so that it exactly matches the gender 

balance of the population.  If the population is known to consist of 60% males and 40% females 

and a sample of 100 people is required then a quota of 60 males and 40 females could be 

defined.  During sampling if the sampler reached their quota of males but had not reached 

their quota of females they would need to carry on sampling females until they have reached 

the prescribed number.  The sampler will often be free to select which items are included in 

the sample which can lead to things being selected because they are convenient to sample.  

Variations of quota sampling include whether the quota is a minimum value or an exact target.   

The MI define targets for quota sampling of commercial port landings based on the following 

variables: Year, Quarter, Species, Port, and ICES Division. 

Typically, quota sampling is used because data collection can be carried out in a shorter time 

and with lower costs than the alternative probability based methods. The samples are 

representative of the population with respect to the variables used to specify the quotas but 
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might not be representative regarding any other variables.  A “sampling frame” (a list of all 

those within the population who can be sampled) is not required for quota sampling.  Since 

quota sampling is not probability based sampling errors cannot be estimated.  Yang and 

Banamah [196] performed a small experimental comparison between quota sampling and 

random sampling and in their case found that the results produced by quota sampling were not 

the same as those produced by random sampling. They also noted, however, that probability 

sampling has no advantage over quota sampling when the response rate is low (20% to 30%). 

 

4.3. Stratified Sampling 

Stratified Sampling is a method where a population is split into mutually exclusive sub-groups 

and probability based samples are then taken from these sub-groups.  Proportionate stratified 

sampling involves taking a number of samples from the sub-group based on their fraction of the 

total population.  Disproportionate stratified sampling uses different numbers of samples from 

each group than their fraction of the population would suggest.  Population estimates can still 

be built as long as the samples are correctly weighted and in this way even groups that are a 

small fraction of the total population but of interest to the sampler can be sampled adequately.  

It is a technique which is quicker and more cost-effective than randomly sampling the entire 

population and will result in higher statistical precision.   

 

Compared to quota sampling it has the advantage of a firm statistical foundation however it 

will generally be more expensive to perform.  This is because the samples taken should be 

chosen using probabilistic methods which will likely result in more refusals and samples which 

can be spatially or temporally dispersed than convenience methods.   

4.4. Cluster Sampling 

Cluster sampling involves dividing a population into groups and then randomly selecting one or 

more groups and sampling everything within it.  This is in contrast to stratified sampling where 

the population is also divided into groups but samples are taken from each of the groups.  

Multi-stage clustering can also be used where instead of sampling everything within the 

selected clusters further clusters are defined – several levels of cluster definition and selection 

can be defined and employed before the elements that are to be sampled are reached. 
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4.5. Current Port Sampling Practice at the Marine Institute 

The following information is summarised from the ICES WGCATCH (Working Group on 

Commercial Catches) 2014 report [197].  The sampling frame used at the MI is a matrix of 

ports versus days of the year and 4 different sampling frames are defined: 

1. Ports / processors where Pelagic landings are available for sampling. 

2. Ports / processors where Demersal landings are available for sampling. 

3. Ports / processors where Nephrops landings are available for sampling. 

4. Ports / processors where inshore landings are available for sampling. 

 
These sampling frames are not independent since 1 sampling (a port-day) can include samples 

from different sampling frames.  Many smaller ports are un-sampled during the year however 

these account for a small proportion of total landings.  For each sampling frame the following 

strata are defined: 

1. ICES division. 

2. Quarter of the year. 

 
Sampling effort (number of trips to sample by stratum) is allocated between strata according to 

information on recent landings rather than using information on precision of estimates. The 

allocation of sampling effort is driven by species-specific sampling targets and with the aim to 

sample “little and often” rather than quickly filling quota from a small number of samples. 

 

The hierarchy for sampling is: 

1. Primary sampling unit: A port on a day. 

2. A vessel landing stratified by fishing area. 

3. Species or species group/commercial species. 

4. A fish box stratified by commercial size categories (where relevant). 

5. An individual fish. 

 
4.5.1. Data management 

Currently the sample targets are stored in a stand-alone database.  Samplers must enter a 

summary of the sampling they have performed – this recording is separate to recording the 

actual sample data.  The sample target database is consulted before a sampling event so that 

samplers know which quotas have not been filled yet. 

 

The sample data is stored without reference to the sampling regime it was collected under – 

the information about the sampling regime is not formally stored in a single place.   
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4.6. Design Based Sampling 

 
The countries that contribute data for ICES stock assessments all tend to have different 

methods for carrying out sampling.  In recent years there have been efforts made to quantify 

these differences and specify best practice.  ICES groups including WKPICS (Workshop on 

Practical Implementation of Statistical Sound Catch Sampling Programmes), WGCATCH and 

RDB-SC (Regional Database Steering Committee) are working to move countries to a 

statistically sound sampling design.  The following information is taken from the WKPICS 2013 

report [198]. 

 

The sampling designs considered in WKPICS follow a regional design where strata would be 

defined to optimize regional goals in data collection.  The main difference between a regional 

design and a purely national design being that, particularly in the case of onshore sampling, the 

ports would be chosen across nations to improve regional estimates by including ports with 

significant contributions to regional landings, rather than all national ports.  Sampling 

commitments at the national level would depend on that country’s importance to the regional 

estimate for the fishery. 

 

 
 

Figure 45 Regional stratification 

A characteristic of fisheries sampling is the hierarchical cluster sampling within the primary 

sampling units (PSU) that is needed to obtain the fish that are actually measured or from which 

age structures are collected.  For onshore sampling where the PSU is the port, or the port and 

day, a typical hierarchical cluster sampling would involve: 
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 Sampling trips within the port on the day 

o Sampling species-specific commercial size categories from the trip 

 Sampling of fish for length 

 Subsampling of individual fish for age. 

 

 
Figure 46 Hierarchical clustering of port sampling 

Unbiased estimates of numbers-at-age, or length, requires that each sample has its particular 

sample weight. In multistage surveys, which results in hierarchical clustered data, a base weight 

is applied to each sampled unit to correct for their unequal probabilities of selection. In 

general, the sample weight is the inverse of the selection probability for the sampling unit – the 

selection probability is the product of the selection probabilities at each level of the hierarchy.  

This is the number of fish in the population that are represented by the fish measured – the 

sum of the sample weights will equal the total population.  Estimates that are required at the 

regional, national, or stratum level are obtained by application of sample weights (based on the 

selection probabilities) to the sample data at each hierarchical sampling stage within strata then 

combining over strata. 

 
4.6.1. Data Management 

The ICES WKRDB2014 working group recommended adding a new data structure to RDB-

Fishframe which would sit above the Trip table and hold information about the Sampling Event 

including sampling strata, population sizes, sample size, sample weights and the Primary 

Sampling Unit.  This work is still being discussed so the final structure of the information that 

must be recorded has not been decided.  [More information about RDB-Fishframe can be 

found on page 98]. 
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4.7. Conclusion 

The design of a sampling regime is complicated and care must be taken to ensure it produces 

valid samples and is cost-effective.  The ongoing work at ICES that the MI are involved in will 

produce requirements to enhance the data that is captured and stored in relation to sampling 

events, particularly for port sampling.  There is no real benefit in the MI independently creating 

its own definitions for this data so work should continue within the relevant ICES groups. 
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5. EXTERNAL DATASETS REVIEW 

This Deliverable is fulfilled by the Transversal data source section in 
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FEAS Data Review ( see page 62). 
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6. EXTERNAL DATASETS ACQUISITION PROCEDURE 

There are 2 important external datasets that are considered in this section: Logbooks and 

VMS. 

6.1. Logbooks 

This section describes the old procedure for receiving the Logbooks data from DAFM and the 

new procedure which was developed as part of this project. 

6.1.1. Old procedure 

Typically twice a year the logbooks data was requested from DAFM.  This is because IFIS data 

for a calendar year is finalised typically 3-4 months after the end of the year (so in March or 

April) – this means that no more changes should be made to it.  The MI had a requirement to 

start using the previous year’s data earlier than that so the MI was able to request a draft copy 

of the data to use before finalisation as long as they were aware that there would still be some 

changes to come. 

The following procedure was used: 

1. A request was sent to DAFM for the logbooks data. 

2. DAFM manually ran database jobs which created 22 spreadsheet files.  These 

spreadsheets correspond to Views of the IFIS database that have been developed 

through liaison between the MI and DAFM. 

3. DAFM uploaded a zip file to the MI SFTP site (SFTP is a secure method of transferring 

files) – the zip file contained the 22 spreadsheets.   

4. The files were then loaded manually into a new SQL Server 2000 database using a DTS 

(Data Transformation Services) package.  The database name had the date in the form 

YYYYMMDD appended to it so that users would know when it was created.  The 22 

files produced 23 tables since 1 of the files was split into 2 tables. 

5. A script containing various data fixes was then run on the newly created database – 

these fixes had been written over a number of years to resolve data quality issues, 

such as obviously incorrect values. 

6. A script was run on the database to replicate some of the tables in a format that was 

suitable for Microsoft Access to understand. 

7. If the data for the previous year was finalised then the database would be copied to 

both Live and Development servers.  If the data for the previous year was still in a 

draft state it was only copied to the Development server. 

As detailed in 
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FEAS Data Review this system had a number of problems, particularly that there is a long time 

between data being entered into IFIS and the MI seeing it, and that the number of manual 

elements introduced inconsistencies and errors.  It also used out-dated technology since it was 

reliant on SQL Server 2000 and DTS packages. 

 

6.1.2. New Procedure 

Working with DAFM a new procedure has been developed which has allowed the system to 

be automated.  The new procedure is as follows: 

1. On a weekly schedule DAFM run automated database jobs which produce the 22 

database Views. 

2. There are 2 types of files which can be produced from these Views: FULL update files 

or DELTA update files.  The FULL update contains all the data from IFIS whilst the 

DELTA files only contain the differences in the Views since the last update was sent to 

the MI.  FULL fills are sent quarterly whilst DELTA files are sent weekly (except when 

a FULL file is due).  DELTA files are much smaller than the FULL files.  The DELTA 

files contain “D” rows which indicate that record should be deleted and “I” rows 

which indicate that row should be inserted – changes which involve editing a value are 

dealt with by using a combination of a “D” row to delete the row with the old value 

and an “I” row to insert a row with the new value.  FULL updates only contain “I” 

rows since it is assumed that all the rows in the table will be deleted. 

3. The files (FULL or DELTA) are sent to the MI automatically via SFTP. 

4. A SQL Server Integration Services (SSIS) job is scheduled which automatically 

downloads the files from the SFTP server and inserts the data from them into “Load” 

tables in a database called Logbooks_Current. 

5. An SQL script then runs.  This script runs within a single Transaction so that if an 

errors occurs the processing is rolled back and the database is left in a consistent 

state.  The script does the following: 

a. Check the Load tables contain data 

b. Runs fixes on the Load table data.  These typically involve removing duplicate 

records or removing invalid data. 

c. The 23 Load tables are then used to populate the 23 data tables.  If this is a 

FULL update the data table is completely emptied prior to being populated 

with the Load data.  If this is a DELTA update then the Load table is used to 

make deletes and insertions into the data table as required. 

d. Runs fixes on the Logbooks data tables.  These include correcting some 

specific wrong values and copying the dominant OperationalEffort gears to the 
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Declarations gears.  The previous incorrect value is saved in a separate field 

when the new value overwrites it. 

e. Create the tables required by Microsoft Access 

f. If this is a FULL update then compare the number of records in the Load and 

data tables for inconsistencies. 

6. An R based quality report is run automatically each week which allows the users to 

see some useful summary information about Logbooks and help identify any problems 

in the data. 

 

The Logbooks_Current database is thus populated in an automated process which takes 

around 20 minutes – this is much quicker than the old loading process.  Since the process is 

automated this results in more consistent end-results and data is available sooner to end-users. 

The data in Logbooks_Current changes each week but there is still a need for users to have a 

“frozen” copy of the data to base their queries on.  In this case a copy of Logbooks_Current 

can be taken and used to create a new snapshot database.  At the moment users still require a 

draft and final snapshot database.  

The creation of the final snapshot database can’t be automated at the moment because it 

depends on when the SFPA tell DAFM that the previous year’s data is finalised.  The creation 

of the draft could be scheduled for a specific date each year e.g. 15th February. 

 

6.2. VMS 

6.2.1. Procedure 

1. The MI partially fill-in a Naval Computer Centre (NCC) Data Request Form. 

2. The Data Request Form is then sent DAFM Seafisheries Policy Division for 

completion.  (A copy of the form is also sent to the NCC to make them aware that 

the formal data request will be coming.) 

3. DAFM then send the completed form to the NCC. 

4. Once the request is authorised by the NCC they then produce 3 files containing data 

for the current Vessel information, an audit of Vessel information changes, and the 

actual VMS data.  These files appear to be produced by an operator using a graphical 

user interface so their format can vary each year.  The date range of the data needs to 

be specified in the original data request. 

5. The data from these 3 files is then loaded into load tables in the VMS database.  R 

scripts are then run to append the data from the load tables to the VMS data tables.  

The data tables contain data from all the previous MI VMS requests. 
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It can be seen that this procedure is cumbersome and requires manual intervention from a 

number of parties.  It would be better if a more automated solution could be developed along 

the lines of the new Logbooks procedure.  This would need to be authorised from somebody 

at the top of NCC hierarchy due to the nature of the Navy. 
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User Requirements 

 

Deliverable 4.1 is fulfilled by the document “Review of Stockman” [181] and the MI Analysts 

Data Management Sub Group report [182]. 
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7. FEAS CONTROLLED VOCABULARY REPORT 

As discussed briefly in 
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FEAS Data Review the FEAS controlled vocabularies are implemented using a database called 

FEAS_Consolidated.  This currently contains the following information: 

Table Name Description 

Application_Configuration_Parameters Application parameters, used by Inshore 

MD_BirdByCatchReferenceTbl Bird ByCatch species from Demersal 

Discards 

MD_Discards_Vessel Vessel information from Demersal 

Discards, linked to Logbooks Vessel ID 

MD_Gear Gear information from Demersal Discards 

and Inshore 

MD_Gear_Tree Gear hierarchy, linked to MD_Gear 

MD_Ground_Type Ground information from Demersal 

Discards 

MD_ICES ICES spatial areas, linked to Demersal 

Discards and Stockman 

MD_ICES_Tree Hierarchy of ICES areas, linked to 

MD_ICES 

MD_MarineMammalReferenceTbl Marine Mammal ByCatch species from 

Demersal Discards 

MD_Personnel Personnel linked to Demersal Discards 

and Stockman 

MD_Port Ports linked to Demersal Discards and 

Stockman 

MD_ReptileByCatchReferenceTbl Reptile ByCatch species from Demersal 

Discards 

MD_Sea_State Sea state information from Demersal 

Discards 

MD_Sea_Swell Sea swell information from Demersal 

Discards 

MD_Sea_Swell_Dir Sea swell direction information from 

Demersal Discards 

MD_Wind_Dir Wind direction information from 

Demersal Discards 

MD_Wind_Force Wind force information from Demersal 

Discards 

YesNo_LUT A reference list for yes/no questions 
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Most of these tables consolidate data from other applications and in some cases, map between 

them.  However, usually this is just a consolidation of local data without mapping it to external 

reference lists.  Copies of these tables are also present in other applications’ databases but 

they are not kept in line with each other automatically – a manual process is used. 

 

7.1. Master Data Management 

Microsoft defines 5 types of data that are managed by companies [199]: 

Unstructured— Data found in a variety of sources such as e-mails, corporate intranet 

portals, and product specifications.  

Transactional—Data related to sales, deliveries, invoices, trouble tickets, claims, and other 

monetary and non-monetary interactions.  

Metadata—This is data about other data and may reside in a formal repository or in various 

other forms such as XML documents and column descriptions in a database.  

Hierarchical—Hierarchical data stores the relationships between other data 

Master—Master data are the critical nouns of a business and fall generally into four groupings: 

people, things, places, and concepts. 

Typically Master Data Management (MDM) is implemented when there are many systems that 

all require access to the master data.  For example, a company might have a marketing 

database, an invoice system and a reporting database that all record information about people.  

It would be useful to know when somebody in the marketing database purchases a product 

and is entered on to the invoice system – they can then be targeted as an existing customer 

rather than as a prospect.  If a current customer tells the marketing department they have 

changed their address then the company will want the customers address to also be updated in 

the invoice and reporting system.  Trying to merge data between these systems can be 

problematic due to variations in how names and addresses are recorded – a better solution 

could be to have a central master record for a person so that when their information is 

updated in one system all the other systems also have the new data. 

An MDM project plan can consist of the following phases: 

1. Identify sources of master data.  

2. Identify the producers and consumers of the master data.  

3. Collect and analyse metadata about for the master data.  

4. Appoint data stewards.  

5. Implement a data-governance program and data-governance council.  

6. Develop the master-data model.  
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7. Choose a toolset.  

8. Design the infrastructure.  

9. Generate and test the master data.  

10. Modify the producing and consuming systems  

11. Implement the maintenance processes. 

There are two basic steps to creating Master Data: clean and standardize the data, and match 

data from all the sources to consolidate duplicates.  Typical data-cleaning functions include: 

1. Normalize data formats.  

2. Replace missing values.  

3. Standardize values.  

4. Map attributes.  

 

Matching master-data records to eliminate duplicates is both the hardest and most important 

step in creating master data. False matches will lose data and missed matches reduce the value 

of maintaining a common list.  A confidence value can be computed during the matching 

process based on how close the attributes of 2 records are - a matching threshold can then be 

defined to determine when 2 records are consider to match.  The threshold is normally 

adjusted depending on the consequences of a false match. For example, you might specify that 

if the confidence level is over 95% the records are merged automatically, and if the confidence 

is between 80% and 95% a data steward should approve the match before they are merged. 

Once a list of Master Data is produced it must also be maintained to account for changes to 

the data.  Three of the most common approaches to this are: 

1. Single-copy approach—There is only one master copy of the Master Data so all 

additions and changes are made directly to the Master Data. All applications that use 

master data are rewritten to use the new Master Data instead of their current data.  

2. Multiple copies, single maintenance—In this approach, Master Data is added or 

changed in the single master copy of the data, but changes are sent out to the source 

systems in which copies are stored locally. Each application can update the parts of the 

data that are not part of the master data, but they cannot change or add master data.  

3. Continuous merge—In this approach, applications are allowed to change their copy 

of the master data. Changes made to the source data are sent to the master, where 

they are merged into the master list. The changes to the master are then sent to the 

source systems and applied to the local copies. Two issues with this approach are: 

update conflicts are difficult to reconcile, and new additions must be sent through the 

merge process. 
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The approach to MDM currently adopted at the MI is a mix of a manual version of (2) and (3) 

– changes to information that is currently recorded in FEAS_Consolidated are manually 

merged into the database and then manually copied back to other systems.  This is not 

sustainable in the long term and is a barrier to managing more data within FEAS_Consolidated. 

 

The MI should move to an automated version of the “Multiple copies, single maintenance” 

model and SQL Server provides tools to enable this in the form of Replication.  A simple 

diagram of snapshot replication is shown in Figure 47, taken from [200]. 

SQL Server replication consists of three components: Publisher, Distributor, and Subscriber. 

These components act on Articles that are defined within Publications and Subscriptions [201].  

 For each SQL Server object that should be replicated, a replication Article needs to be 

defined.  The objects that are replicated most often are tables, views and stored 

procedures.  

 A group of Articles that logically belong together can be combined into a Publication.  

 The SQL Server instance that makes a publication available for replication is called the 

Publisher.  

 The Distributor is the SQL Server instance keeps track of all subscribers and all 

published changes and makes sure that each subscriber gets notified of each change.  

The Distributor can be the same instance as the Publisher. 

 The Subscriber is the SQL Server instance that receives all the published information 

through Subscriptions.  

 A Subscription is the counterpart of the publication. A subscription defines which 

server (subscriber) is to receive the updates published in a publication.  

 

 
Figure 47 SQL Server snapshot replication 

In the case of MDM FEAS_Consolidated could be set up as a Publisher and the individual tables 

could be published as articles.  Other databases which use this information can then be set up 



NDP Marine Research Sub-Programme 2007-2013 

    
 

91

as Subscribers to the tables they are interested it.  In this way the Master Data can be stored 

and edited in a single location (FEAS_ Consolidated) but it is also available to all other 

databases that need to use it.  These other databases will have a consistent view of the Master 

Data because any changes are automatically propagated. 

Replication can be set to be Snapshot (the whole Publication is periodically published) or 

Transactional (incremental changes to the Publication are published) and there are many 

configurable options. 

7.2. Future Additions To FEAS_Consolidated 

The following data sources need to be consolidated into a master list and added to 

FEAS_Consolidated. 

 

7.2.1. Species 

Species information is used in a variety of different databases and applications so should be 

included in FEAS_Consolidated.  It must also be noted that the taxonomy of species changes 

frequently so the consolidated species list must be automatically maintained and refer to 

relevant external reference lists – these could include the World Register of Marine Species 

(WoRMS), EU_NOMEN and the FAO Aquatic Sciences and Fisheries Information System 

(ASFIS) reference list. 

 

7.2.2. Vessel 

Vessel information appears independently in the Stockman, Logbooks, VMS and Discard 

databases so needs to be consolidated.  The Logbooks and VMS databases contain the largest 

number of vessels and, for Irish vessels, contain a lot of detail about the vessels so these two 

databases should form the core of the consolidated list.  Vessel information can change with 

time so it is necessary to keep a record of all vessel changes as well as the current values.  The 

current MD_Discards_Vessel table can be incorporated into the new Vessel master table. 
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8. FISHERIES DATA MODEL REVIEW 

8.1. Introduction 

This section studies some of the extant fishery data models and evaluates whether they would 

be useful in the context of the Marine Institute.  Traditional relational database design will 

normally consist of a requirements gathering phase, a design phase, an implementation phase 

and a testing phase.  These might be formal, documented steps as part of a Waterfall model or 

short iterations as part of an agile process.  The design phase will usually consist of modelling 

the domain under consideration using Entity-Relationship diagrams - this will normally be a 

joint venture between database designers and domain experts, often using real data sets if they 

exist already.  The design produced can be validated by testing it against the definitions of 

Normal Forms – the required level of Normal Form will vary depending on the application but 

Third Normal Form is often aimed for.  The level of normalisation will usually depend on how 

the database will be used – a database for reporting will tend to be less normalised than an 

operational database.  Database design and normalisation will normally produce some generic 

features such as the way one-to-many or many-to-many relationships are modelled.  However 

the final database model produced will normally be specific to the situation being modelled – 

generic design patterns have not taken root in the same way as they have for programming 

(although there have been attempts to classify anti-patterns [202]).  A notable exception to 

this would be the snowflake or star schemas sometimes used in data warehouses. 

 

8.2. Integrated Data Repository 

8.2.1. Description 

The Marine Institute Integrated Data Repository (IDR) aimed to provide a set of processes 

that would better enable data usage by both internal and external users [203].  The data 

loaded into the IDR had to be amenable to delivery via a variety of views not just remain in the 

structure in which the data was originally loaded.  In addition to this, the data was to be 

marked-up at a fine-grained level to provide additional semantic, quality and other information. 

To achieve these aims, it was proposed that the original data was transformed into an abstract 

“canonical model”.  In this way the data is decomposed into basic units of information and, 

layered on top of these, is a set of structures that provide customised views.  The “meta-

model” component then contains the data that describes how the data delivered to the dataset 
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owner is structured.  It was envisaged that both the IDR data and meta-data would be 

managed via an integration and mark-up engine shown in Figure 48. 

 
Figure 48 Proposed IDR Integration and Mark-Up Engine 

In the IDR terms a “model” defined a collection of “records”, where each record defines an 

ordered sequence of values.  Each value in a record has an associated “attribute”; an attribute 

names a value in a record, and hence provides semantic information about the annotated value.  

The attribute must include information about the source record from which it was originally 

loaded.  Attributes can be atomic in nature or contain a sub-sequence of attributes – the sub-

sequence attributes can themselves also be atomic or sub-sequences.  Effectively attributes can 

themselves refer to a “meta-model” for their structure. 

A model is described by its meta-model; in addition to defining the attributes of records in the 

collection, the meta-model defines the relationships between the models, and well as other 

activities.  A distinguished set of attributes is defined as the “key” of a model.  A 

“transformation” is a mapping from one model to another - the associated meta-models can be 

used to define the transformation.  While it should be possible to define transformations 

between any models, for the purposes of the IDR this was generally intending to be restricted 

to transformation into the “canonical model”.  The canonical model was a specific model that 

was considered the most suitable for achieving the IDR aims.  The canonical model was also 
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meant to be generally applicable – it was not intending to make any specific semantic 

assumptions about the underlying data.  These relationships are shown in Figure 49. 

 
Figure 49 IDR Meta-model 

The meta-models would generally followed the lifecycle: 

1. Creation of the meta-model – this was user-driven and dependent on the actual data 

and its application.  It could be partially automated if the data already existed in a 

structured database. 

2. Population of the model to obtain the canonical model 

3. Extraction of the underlying data using the meta-model 

The IDR view of the logical model of a data-set is shown in Figure 50. The table below explains 

the concepts and is adapted from [204] 

Concept Description 

Activity The Activity contains the information that describes the context of a data 
collection. This could be a scientific survey or a commercial fishing trip as 
formalised by an EU logbook form. 

Platform The platform describes the structure used to support the execution of the 
Activity.  For example, a research vessel, a commercial trawler or a data buoy. 

Role Operational or administrative role that a Person or an organisation holds to 
support the execution of an activity (sponsor organisation, cruise lead scientist) 
or a measure (individual data collectors). 

Measure A measure identifies an event that captures a collection of measurements.  
Provides a unique identifier for a “sampling event” and the “when” of a data 
collection. 

Location Holds the location information for the Measure in a normalised manner through 
a gazetteer.  Provides the “where” of a data collection. 
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Concept Description 

Measured Data The collection of all the parameters and values taken by a Measure.  It provide 
the “what” of a data collection 

The measured data is held in the IDR in one or more Meta-Models. A Meta-
Model is a logical data schema that holds a meaningful collection of related 
information. The data is physically stored in the IDR “canonical format” (as pairs 
of key - value) allowing for high degree of flexibility in managing and integrating 
data 

Semantic vocabularies Central repository for all the terms used in the Marine Institute, either as data 
elements (the attribute representing the measure taken) or the codes used as 
values for a data element, such as the code(s) to identify a fish species. 

An example of data element is FishSpeciesCode (ICES vocabulary) with a value of 
COD (cod) or HER (herring). 

The data elements are used over and over throughout a project, a functional 
area, and the Institute as a whole. Data elements are NOT columns, fields or 
XML elements. Holding the data elements in vocabularies enables us to develop 
common understandings, automatically generate names and definitions and to 
manufacture database data models. 

Semantic term 
attributes 

Value Domain 

Holds the properties of a semantic term, for example an alternative short name 
for a term or biological parameters. 

The Value Domains enable the engineering of the semantic layer as business 
rules. 

Classifiers Holds data ranges for a term to categorise data into predefined groups. Typically 
these will allow the IDR to group continuous values into discrete groups. An 
example with time, would be to group events that occur within a given time 
frame – an event is the collection of the measures that occur within an interval 
of 5 minutes. 

Metadata Metadata hold description of additional information in the dataset that are not 
explicitly stored in the data. These include administrative information, data 
processing information. The IDR uses data elements of the ISO19139 standard 
to manage the information. 

 

A data-set was intended to collect the “who”, “what”, “where” and “when” of Marine Institute 

activity. A catalogue entry was to be created from a dataset, and this was to be presented to 

the end-user as a means of accessing the data managed therein. 

A data-set could be created incrementally allowing for additional data to be added when it is 

available, for example appending new survey results in future years.  The bulk of the data was 

to be stored using the canonical-model.  In addition to maintaining the data and its context, a 

dataset was also intended to manage the ingestion and ancillary quality mark-up for that data, 

along with producing audit trails and logs.   
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Figure 50 IDR Business Model 

 

The implementation of the IDR data-set business model is shown in more detail in Figure 51.   

 

8.2.2. Evaluation 

The primary aim of the IDR project was to develop and implement a strategy which would 

integrate and enable data interrogation across all data sources used by the MI’s FEAS group.  

This was conceived as taking the form of an IDR system and toolbox which would harmonise a 

variety of disparate data sources into a single, queryable global schema.  The IDR was piloted 

in FEAS but was not pursued further - there were 2 main reasons for this:  

1. A large amount of the MI data is sampled and only makes sense when combined with 

other specific data sets to generate fish stock estimates.  Treating the commercial 

fishery sample data as if it could be meaningfully integrated with other MI data such as 

ocean temperature sets is a mistake because sampled data requires the context of the 

sampling programme to be interpreted correctly. 

2. The individual data sources themselves had a number of problems including noise, 

inconsistencies, temporal lag, errors and a lack of common references. Before 

attempting to integrate these sources the above problems needed to be addressed. 

It can be seen from the IDR description that it provided an extremely abstract frame-work for 

data integration – this has the benefit of potentially allowing the modelling and integration of 

very different data sources.  One of the draw-backs is that the system becomes complex and 

its structure bears no resemblance to the structure of the data sources – it can only be used 

through the tools developed specifically for it.  Further development of the system requires 

further expense.   
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Another point to make is that the IDR model was primarily integrated in the sense that all the 

data-sets would be stored in the same place – the data sets themselves would not necessarily 

have been integrated with each other.  Some work was planned developing common 

vocabularies between data sets which would have helped but the IDR itself would not have 

resulted in “joined up data”. 

 
Figure 51 IDR data-set implementation 
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8.3. RDB-Fishframe 

 

8.3.1. Description 

RDB-Fishframe is a regional database for fisheries assessments with the aim to increase 

harmonisation, transparency and data quality.  It covers fisheries in the North Atlantic Ocean, 

the North Sea and the Baltic Sea and addresses fishery management needs related to the EU 

CFP. 

RDB-FishFrame is an important tool to assist in a regional approach to survey design and data 

collection and it is used to support the Regional Coordination Meetings (RCMs) for the Baltic, 

the North Sea and Eastern Arctic and the North Atlantic. Currently access is restricted to 

national data submitters, stock coordinators and members of ICES expert groups. 

The RDB-FishFrame platform was originally developed by the National Institute of Aquatic 

Resources at the Technical University of Denmark but it is now hosted and maintained by 

ICES.  The ICES RDB Steering Committee provides direction and advice on its development. 

RDB-Fishframe imports 3 main data types from individual countries and these are: 

 Commercial fisheries sampling (CS). 

 Commercial fisheries landings statistics (CL). 

 Commercial fisheries effort statistics (CE). 

These are further broken down into 7 record types which are described in the table below 

adapted from [205].  The relationships between the information are shown in Figure 52. 

Data Type Record Type 

CS TR (trip) 

A commercial fishing trip that has been 

sampled on board or a sample from a fish 

market. 

CS HH (haul header) 

Detailed information about a fishing operation, 

e.g. a haul or a net set. 

CS SL (species list) 

The sorting strata defined by species, catch 

category, etc. 

CS HL (haul length) 

Length frequency in the subsample of the 

stratum. 

One record represents one length class. 
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CS CA (catch aged) = SMAWL (Sex-Maturity-

Age-Weight-Length) 

Sex-Maturity-Age-Weight distribution sampled 

representatively from the length groups. 

One record represents one fish. 

CL CL (commercial fisheries landings statistics) 

Official landings statistics with some modifiers 

for misreporting. 

CE CE (commercial fisheries effort statistics) 

Effort statistics from logbooks. 
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Figure 52 RDB Fishframe Data Model 

 

The RDB-Fishframe data model and exchange format are the subject of ongoing development 

through the RDB-SC [192] .  In particular work is to under way to modify the CS data 

structures to make them suitable for “design based sampling and estimation”.  This new format 

includes the addition of a new table, the SE table, designed to record all pertinent information 
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relating to the sampling event, and allowing the primary sampling unit (PSU) to be clearly 

identified.  This SE information would need to sit above the current CS tables in the 

relationship hierarchy, see Figure 53.  The CL and CE data are referred to together as 

Commercial Population (CP) data and the CP data must be able to be linked to the SE 

information – this means that the CP data must be at the correct resolution. 

 

 
Figure 53 Proposed SE addition to RDB Fishframe 

 

8.3.2. Evaluation 

Since MI data is exported into RDB-Fishframe it is important to be able to efficiently map 

between formats.  However permanently converting Logbooks data into the minimal CL and 

CE formats would result in a loss of data so is not appropriate.  The commercial sampled data 

currently stored in the MI’s Stockman system does not have information at the Haul level so 

there would be no benefit in introducing this table into the structure.  It will be important to 

monitor the progress in adding the Sampling Event information to the structure and ensure 

that the MI records the appropriate variables during data collection. 

 

8.4. DATRAS 

8.4.1. Description 

DATRAS is an online database of trawl surveys that allows users to upload survey data and 

anyone to access the data products [206].  The data structure that DATRAS uses HH, HL and 

CA records – HL and CA records are linked to HH records using the fields quarter, country, 

ship, gear, station number, haul number, and year. 
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8.4.2. Evaluation 

As mentioned previously it is important to be able to transform the MI survey data into the 

DATRAS format for submission to ICES, however that does not mean it has to be stored in 

that format.  Integrating MI survey data so that it is stored in a common structure would seem 

to be a good idea. 

8.5. DTU Aqua 

8.5.1. Description 

DTU Aqua is the National Institute of Aquatic Resources and is part of the Technical 

University of Denmark.  DTU Aqua advises the Danish Ministry of Food, Agriculture and 

Fisheries and other public authorities, commercial fisheries, the aquaculture industry, and 

international commissions.  DTU Aqua originally developed the RDB-Fishframe database 

system which is now developed and maintained by ICES.  They don’t use Fishframe to store 

their national data.  Sampling data is stored in a relational database however Logbooks, Sales 

note and VMS data are stored as annual SAS datasets (SAS is a statistical application).  Raising 

samples to the population level is done using SAS scripts. 

DTU Aqua receive nightly updates to their Logbooks, Sales note and VMS data and also have 

access to the servers on which the live data is stored.  This is not part of a formal arrangement 

but proceeds on trust. 

 

8.5.2. Evaluation 

The details of how DTU Aqua store their data are less relevant than the fact they have access 

to Logbooks, Sales note and VMS with little or no constraints.  DTU Aqua and the national 

bodies who manage the data have a trusted relationship which benefits both parties – for 

example DTU Aqua can quickly be called on to produce an ad-hoc analysis because of their 

free access to the relevant data.  It is difficult to see how Ireland could move to this model in 

the short-term but it could be a longer term aspirational goal. 

 

8.6. IMARES 

8.6.1. Description 

IMARES [207] (Institute for Marine Resources and Ecosystem Studies) is the Netherlands 

equivalent of the Marine Institute.  They carry out their port sampling using a ruggedized 

laptop and a custom Java application – the data is then uploaded to their network for further 

checking and storage in Oracle databases.  They do not have direct access to the Logbooks 

data but instead receive monthly cumulative files for the current year from the Dutch Ministry 



NDP Marine Research Sub-Programme 2007-2013 

    
 

103

of Economic Affairs – these files are then imported into a database.  They do not have a direct 

link between the port sampling records and the logbooks but instead match records using 

dates and vessel names.  They also receive VMS and Sales Note data and match them to log 

book records using similar matching algorithms.  Data is extracted from the databases using R 

or SAS. 

 

8.6.2. Evaluation 

IMARES have a similar data processing environment to the Marine Institute. 

8.7. DCF Future Data Storage Models 

8.7.1. Description 

The DCF Future Data Storage paper [174] considered 4 options to integrate EU member 

states’ data: 

1. A Supra-regional database. 

2. Regional Databases. 

3. Network-based model. 

4. Fisheries Data Hub. 

These are broad architectures and don’t consider the detailed structure of the databases. The 

supra-regional database would consist of a single, large database that would integrate EU 

member states data for economic, biological and transversal data.  The Regional Databases 

model would consist of a small number of databases modelled along the RDB-Fishframe 

approach – economic data would still be stored separately.  The network-based model would 

allow interfaces to be defined that would sit in front of member states’ national database and 

allow federated querying without needing to physically integrate the data.  The Fisheries Data 

Hub would have 3 databases, each containing data on a single theme (economic, biological or 

transversal). 

 

8.7.2. Evaluation 

The MI doesn’t store any significant fishery economic information so that is not a 

consideration.  Applying these options to the MI the choice would be to merge all biological 

and transversal data-sets into a single database (Option 1), replicating the RDB-Fishframe 

model (Option 2, and discussed previously), creating a federated system (Option 3) or creating 

a biological and transversal database (Option 4).   

Option 1: would be likely to result in a complicated structure that combined data directly 

produced by the MI with data generated externally. If Logbooks and VMS data are included 

then the physical size of the database would be significant. 
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Option 3 would need the most work to be done to create a federated system.  The previously 

discussed Integrated Data Repository project was eventually cancelled so it would seem 

unlikely that the MI would commit to start working on another risky data integration system. 

Option 4 would have the benefit of integrating the biological data that the MI produces into a 

single database whilst keeping the external data-sets separate. 

 
Figure 54 Some future DCF storage options 

The paper does not consider the practicalities of integrating the data such as defining common 

vocabularies, or ensuring that the data is available at the required spatial and temporal level of 

detail.   

It also assumes that all counties will be happy to share data at (at least) an anonymised level (as 

opposed to sharing aggregations of the data).  The difficulty with this assumption can be 

illustrate using a simple model. 

If we consider N countries in a group who might share data with each other – each country 

can either agree to share data or not agree.  For the data sharing to work all countries must 

agree to share.  If we say that the probability of a particular country, i, agreeing to share data is 

Pyi then the probability of all countries agreeing to share data is given by: 
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To simplify further if we assume each country has the same probability of sharing, Py, then the 

probability of all N countries agreeing to share is 

 
If we would like a greater than 95% probability of the group agreeing to share data then: 

 

 

 
So the threshold value of Py that we require to enable group sharing is proportional to the 

number of countries, N.  This means that the more countries that are involved in the 

agreement the higher each individual country’s probability of sharing must be to make group 

sharing a likely outcome.  This is illustrated in the table below. 

N Py 

1 0.9500 

5 0.9898 

10 0.9949 

100 0.9995 

1000 0.9999 

 

It can be seen that even with 10 countries each country must have a chance of sharing of 

greater than 99.49% for the entire group to be likely to agree to share. 

Another way of evaluating the chance of Data Sharing is to use Game Theory – as previously 

discussed this is the study of the strategies decision makers choose to maximize their 

outcomes in particular situations.  For simplicity we will just consider 2 countries with 2 

options – they can either share data or not share data.  Each option will result in a pay-off to 

the country that is measured in term of a utility function.  This utility function can include 

positive and negative contributions.  Components of the Data Sharing utility function could 

include: 

 Legislation.  This could be formulated as a positive factor if compliance is seen as a 

benefit, or a negative factor if breaking the law is seen as a detriment. 

 Current Benefits.  Sharing data can result in immediate benefits such as the ability to 

run more analyses, or to run more accurate analyses. 

 Future Benefits.  Sharing data could result in longer term benefits such as efficiency 

savings.  Future benefits will normally be “discounted” – that is, they are reduced 

compare to current benefits (essentially, “a bird in the hand is worth two in the bush”). 
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 Current Cost.  Sharing data with other people will probably require the data to be 

prepared to common standards, which will involve effort.  This could also include an 

opportunity cost – if you give something away you can’t then also sell it. 

 Future Cost. There will be ongoing costs in sharing data. These should also be 

discounted compare to current costs. 

Some simple strategic games were created using Gambit [208] and the Nash equilibrium was 

calculated – this is the situation where each player has chosen a strategy and no player can 

benefit by changing strategies while the other players keep theirs unchanged. 

The first game shown in Figure 55  is that where both countries are positive about sharing – 

country 1 is shown in red and country 2 is shown in blue.  The coloured numbers represent 

that country’s utility function if they adopt that strategy i.e. country 1 will have a pay-off of 3 if 

they don’t share.  The combined pay-off for both countries is found by looking at the 

intersection of the strategy rows and columns i.e. if country 1 shares and country 2 does not 

share, country 1 will receive a pay-off of 0 whilst country 2 will receive a pay-off of 3.  The 

utility values in this example are just arbitrary numbers.  In this game the Nash equilibrium is 

the Share / Share strategy combination – neither country will benefit from changing their own 

strategy if the other country is sharing.  In this case Share / Share also leads to the largest 

utility function pay-off for both countries. 

 
Figure 55 Equally positive countries 

The outcomes of the game are sensitive to the actual utility function used.  For example, if the 

utility values are changed in the above game to be as shown in Figure 56 then there are 

actually 2 Nash equilibria – Share/Share and Don’t Share/Don’t Share.  These are considered 

“pure strategy” equilibria in that each player has made a definite choice.  (If randomisation is 

allowed then there is a third Nash equilibrium when each country has a 50% chance of sharing 

– this is called a mixed strategy.)  In this example it could be thought that both countries 

would still pick Share/Share since it provides the highest pay-off for both but this is not 

necessarily the case. 
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Figure 56 Positive countries - two equilibria 

The third game is where Country 1 is keen to share but Country 2 is not keen.  This is shown 

in Figure 57 by a change in the utility function values.  This results in a single Nash equilibrium 

of Don’t Share/ Don’t Share – country 2 has blocked sharing. 

 
Figure 57 Country 1 keen - country 2 not keen 

To conclude these examples consider a case where neither country is keen on sharing – 

shown in Figure 58.  Unsurprisingly in this case the Nash Equilibrium is Don’t Share/Don’t 

Share. 

 
Figure 58 Neither country keen on sharing 

 

8.8. INSPIRE 

8.8.1. Description 

As discussed in Section 2 the INSPIRE directive established standards for sharing geographic 

data over a number of themes.  The most relevant theme for this work is “Species 

Distribution”.  This is defined as a relatively complicated XML schema in [209], with the core 

features shown in Figure 59.  The spatial distribution schema allows individual observations 

(potentially calculated from sampling) to be aggregated into geographic areas, as show in Figure 

60. 
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Figure 59 INSPIRE Species Distribution schema 

8.8.2. Evaluation 

The Species Distribution schema is based on XML in which data types can take the form of 

other data types, such that the RangeType object will be embedded in the PopulationSizeType 

object.  This could be converted to a relational database schema in which the entities are 

instead linked via Foreign Keys.  However due to the complexity of INSPIRE, and its lack of 

progress and actual complete examples (rather than just meta-data) this does not seem a 

worth-while route to follow. 
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Figure 60 Aggregating observations 

 

8.9. FLUX 

8.9.1. Description 

The EC FLUX (Fisheries Language for Universal eXchange) project aims at defining a universal 

and efficient data exchange language compatible with (but not limited by) regulations and 

international requirements [210].  It consists of 2 parts: a Transport layer and a Business layer.  

We will not consider the Transport layer here but an outline of the Business layer is show in 

Figure 61, taken from [211].  More detail for the Fishing Trip domain is shown in Figure 62, 

with a further close-up of the Vessel Activity element in  

Figure 63 

The FLUX language will be used for exchanging data such as logbooks and VMS between EU 

member states and other bodies.  FLUX will also define a Master Data Register which will be a 

central repository for metadata. 
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Figure 61 FLUX Business layer 

 

 
Figure 62 FLUX Fishing Trip domain 
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Figure 63 FLUX Fishing Trip Vessel Activity 

8.9.2. Evaluation 

FLUX will be used to transmit national Logbooks and VMS data but since the MI does not 

generate transversal data it will probably have minimal impact.  Changes to the IFIS or Lirguard 

systems to accommodate FLUX might have an impact, depending on their nature. 

FLUX appears to share some similarities with INSPIRE in the sense that it is a complicated 

XML schema design co-ordinated by the EC.  Implementing a version of the FLUX schema 

would seem neither necessary nor desirable for the MI. 

 

8.10. NOAA Fisheries 

8.10.1. Description 

The US National Oceanic and Atmospheric Administration National Marine Fisheries Service 

(NOAA Fisheries) is the lead federal agency responsible for the stewardship of the offshore 

living marine resources and their habitat [212].  NOAA Fisheries has an Enterprise Data 

Management Strategy which is useful to consider [213].  Each National Marine Fisheries Service 

(NMFS – this appears to be a synonym for NOAA Fisheries) data stewarding division must 

have a Data Management Plan (DMP) [214]. A data stewarding division is defined as a NMFS 

division which manages data sets, processes data, stores data, or provides data services (this 
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only considers data of an environmental nature not, for example, personnel and administrative 

records). 

The DMP consists of: 

 Author list. 

 A list of datasets stewarded by the division.  Each data set will have a Data Steward 

listed – that is the person who is in charge of maintaining the data. 

 A description of data that is provided to the division by other organizations and the 

names of those organizations (a division can be a provider of its own data). 

 A description of data that the division provides and the corresponding data consumers. 

(a division can be a consumer of its own data). 

 A description of, or reference to, the data management Best Practices currently in use 

and their corresponding data sets.  These Best Practices are recorded in an 

organisational wiki. 

 A list of desired “Effectiveness Goals” (EGs) for the division. EGs should be based on 

one or more of the following criterion: Capability, Speed, Efficiency, Accuracy, Cost 

Reductions, Confidence.   

 A list of long term (> 2 years) and short term (<= 2 years) data management best 

practices to reach the chosen Effectiveness Goals. 

 A dataflow diagram describing the current state of data systems managed by the 

division. A description of the processing within each diagram node should also be 

provided. Processing descriptions should permit users of downstream data to clearly 

understand the algorithms involved.  

 Description of the target state using data flow diagrams. The target state diagram 

shows the system after implementation of Best Practices.  

 An implementation schedule of best practices and metrics. 

 A description of metrics to be applied, before and after application of new Best 

Practices. Preferably these metrics are quantitative measures of Effectiveness Goals, 

for example, a count of errors (Accuracy) or the time required to provide a data 

product to a consumer (Speed). 

 An analysis of results to be provided at the end of each DMP cycle. 

A template for the DMP has been provided [215] - the DMP will be reviewed and updated 

every 2 years.  The process of creating and using the DMP is supposed to be simple and 

straightforward. 

Most data produced by NMFS must be archived at NOAA Data Centre, along with 

appropriate meta-data. 
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Figure 64 NMFS Archiving 

 

8.10.2. Evaluation 

NOAA is a much larger organisation than the MI.  Its total 2015 budget is around $5.5 billion 

(~ €4.8 billion) [216] – NOAA Fisheries’ share of this budget will be over $900 million.  In 

contrast the MI’s budget in 2013 was €35 million.  Some processes that work well in large 

organisations can perform poorly in smaller ones (and vice versa) so it is important not 

automatically try transplanting one set of procedures to an inappropriate location.  That said, it 

would be useful to see what elements of NOAA EDM could be adopted at the MI and what 

benefits could be expected.  An MI DMP would have to be written with reference to the MI’s 

own Corporate Strategy and Strategic Plan [217] – ideally it would require low maintenance 

and produce obvious benefits.  The MI does not need more documentation for its own sake.  

A named Data Steward for each data source and Effectiveness Goals (along with simple 

metrics) for how to approve it would potentially be useful tools. 

8.11. NIWA, New Zealand 

8.11.1. Description 

New Zealand’s Ministry for Primary Industries (MPI) has 3 major areas of responsibility: 

Biosecurity, Food Safety, and Sustainable Economic Development and Trade [218].  Fisheries 

science and management both lie within its remit as the successor to the Ministry of Fisheries. 

Fisheries data is split into research and commercial categories, with the commercial data 

management being outsourced to a company called Commercial Fisheries Services (CFS), 

under the trading name FishServe [219].  FishServe manages fishing permits, registers fishing 

vessels and manages quotas under contract for the MPI.  It provides the Catch Effort EDT 

(Cedric) system to allow permit holders to submit Catch Effort returns electronically. 
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Fisheries research is performed on behalf of MPI by the National Institute of Water and 

Atmospheric Research (NIWA), a Crown Research Institute.  The fisheries research databases 

are well documented and documentation is publically viewable on the web through Marlin, a 

metadata database [220]  A list of the research databases and their associated documentation 

is also available on-line [221]. 

The (slightly out-of-date) public list of research databases includes the following information. 

Title The name given to the resource 

Description A textual description of the content of the resource 

Function List of main purposes for which this information was collected 

Type For example - database, document, specimen/sample, CD 

Format For example - database type 

Access rights Any restrictions on access to the data 

Steward The name of the organisation or person with ultimate control of 

the content or management of the resource 

Custodian The name of the organisation or person primarily responsible for 

the "day to day" content and management of the resource 

Contributor List of organisations or people secondarily responsible for the "day 

to day" content of the resource 

Publisher Contact person for requests for information 

Coverage - spatial Geographic range 

Coverage - temporal Time range 

 

The New Zealand equivalent to Logbooks are recorded in the Catch Effort database by 

FishServe.  The Catch Effort data includes: 

 Estimated catch data (kg of each species) made by fishers as they fish. 

 Effort data summarising the amount of effort that a fisher/vessel put into catching fish; 

specifying what method the fisher was using; and what species they were targeting.  

 Landing data summarising the actual quantity of fish landed at a wharf, retained at the 

end of the trip or transferred to another vessel at sea. Landings data are considerably 

more accurate than estimated catch data. 

 Production data summarising the estimated quantity of fish processed on-board a 

vessel during a day. This will usually be more accurate than estimated catch but less 

accurate than actual landings. 

 Environment data summarising sea and fishing activity, depth, wind speed, cloud 

conditions, and water temperature at the time of fishing. 
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Central to the Catch Effort system is the concept of an event where an event is a specific 

temporal occurrence for a vessel or fisher [222]. As such, an event will always have an 

associated vessel and/or fisher identifier, a start time, and will frequently have an end time and 

a location. 

The Catch Effort system defines 4 types of events: 

 Fishing events are associated with estimated catch and effort data.  

 Production events are associated with processing and actual landings data. 

 Environmental events are associated with environmental and vessel activity data. 

Environmental records are made on a daily basis. 

 Trip events associates all of the fishing events from a single trip with its landing 

(processing event type) events. This means that a trip event is made up of all the 

fishing events, processing events and environmental events recorded by a vessel and 

fisher during a single fishing trip. 

The following information shows the way that New Zealand has coped with errors being 

present in the transversal data. 

“For law enforcement purposes there is a business requirement that the Catch Effort system store 

exactly the data that was submitted to the Ministry by the fishers. If the fisher made an error then this 

must be retained in the data. 

For fisheries resource management purposes there is a business requirement that the Catch Effort 

system store the best information available. If the fisher makes an error, which FishServe is entitled to 

interpret, then the data should be corrected. 

These different requirements have resulted in a need to store multiple versions of a single form. 

Because fishers frequently make mistakes in the forms that they return to the Ministry it is very 

common for two versions of a single form to exist on the Catch Effort system. 

The ‘literal’ version of a form contains the latest version of the information that a fisher provided to the 

Ministry. 

The ‘interpreted’ version of a form should contain at least 1 field of data that has been changed from 

the literal version. A FishServe Information Officer is entitled to make some interpretations without 

contacting the fisher. For example, if a fisher wrote ‘snapper’ this could be interpreted to the species 

code ‘SNA’. 

Because scientists often disagree on how to interpret an erroneous item of data there was also a 

possible need for different people be able to interpret data in different ways. To cope with this 

requirement provision was made for ‘Research’ and ‘Personal’ versions to be created although this has 

not been implemented. 

To prevent a query from double counting multiple versions of the same form it is essential that the 

user specify whether they wish to use the literal, interpreted or research version of the form.”[222] 
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The “warehou” research database is essentially a copy of the data from Catch Effort but re-

formatted to make reporting easier.  Its schema is shown in Figure 65 (the event entity is really 

a single table but has been shown as 4 different event types for clarity). 

 
Figure 65 The warehou schema 

The NIWA Scientific Observer Programme was created in 1986 to send observers to monitor 

the catches of commercial trawlers. Since then observer's duties have extended to a number 
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of fisheries and collecting observations for a range of data sets. The Scientific Observer 

Programme was later re-branded as ‘Observer Services’.  

The cod database is dedicated to information collected by these observers. The cod database, 

contains the catch and effort information for observed commercial fishing vessels, ageing 

materials, length frequency and biological data for commercial species as measured by the 

observers, as well as relevant trip and tow information [223].  

The observers on each vessel are responsible for completing Observer Catch Effort forms 

typically contained in a logbook. Each logbook documents details for every trawl shot, line set 

or other fishing effort by the vessel such as position, time, total catch; the composition and 

weight of each catch; and the details of all fish processing carried out on board the vessel. 

cod performs a similar function to the Marine Institute Stockman database.  It is made up of 

three sets of tables that logically represent separate database schemas, although they are not 

implemented as separate schemas.  

The first conceptual schema is a Load schema where initial loading of the data takes place (the  

tables names in the load schema are prefixed by ‘z_’), the second is a Staging schema against 

which any further validation takes place (staging table names are prefixed by ‘y_’) and thirdly a 

Reporting schema where the data structures are optimised for reporting based on a data 

warehouse Star Schema (reporting table names are prefixed by with ‘x_’). 

The Reporting conceptual schema is shown in Figure 66, where the centre tables of the 3 stars 

are x_fishing_event, x_event and x_trip. 
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Figure 66 cod Reporting schema 
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8.11.2. Evaluation 

The New Zealand structure of a research institute (NIWA) providing scientific services to the 

government (MPI) is analogous to the Irish situation so it is a useful case study.  The NIWA 

does have a wider remit (including climate, atmosphere, weather hazards, and Antarctica) than 

the MI though and is run as a company.  For reference in the 2014 financial year it had income 

of NZ$ 123 million  (~ € 82 million) and made a net profit of NZ$ 5 million (~ € 3.3 million).  

Data management appears to much more mature in the New Zealand system than in Ireland – 

in particular they have adopted a much greater clarity on their internal processes. 

Making public the list of research databases held, what format they are in and how to request 

data from them is a good idea – it is also relatively easy to create and maintain the list and 

would have benefits in FEAS’s internal data management.  Also providing documentation could 

be useful since it would provide clarity on how data should be managed – a light-weight 

solution would be preferred to producing copious amounts of documentation though.  An 

internal list of MI data sources is available on the intranet at 

http://mispint:8080/TeamAreas/MI_Data_Planning/Pages/idr.aspx 

The warehou database structure is clear although the Views probably hide the underlying 

complexity – ultimately the MI do not control the structure of IFIS so there is little practical 

value in trying to emulate it.  The way that the system handles poor data in the values 

submitted by fishers is clearer than that currently used by the Logbooks database.  Having 

different, clearly annotated records allows end-users to select which version of the data they 

wish to query against – the official version, a corrected version or, potentially, a personal 

version. 

The star schema adopted in the cod system does make querying more intuitive but this de-

normalised structure is only practical because the input data has already been processed 

through a loading and staging schema.  Stockman allows direct data entry into the final tables 

so a de-normalised schema would run the risk of insertion/deletion/edit anomalies as discussed 

earlier.  However a reporting system derived from Stockman (and potentially other databases) 

could use a Star schema safely.  Stockman is probably not complex enough to gain any 

significant benefits from making querying slightly easier. 

 

8.12. Fisheries and Oceans Canada, Pacific Region 

8.12.1. Description 

Fisheries and Oceans Canada (DFO) is responsible for, amongst other things, the conservation 

and sustainable use of Canada's fisheries [224].  It is split into six administrative regions: Pacific, 

Central and Arctic, Quebec, Gulf, Maritimes, and Newfoundland and Labrador (see Figure 67). 
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Figure 67 DFO administrative regions 

 

The Pacific region uses a data acquisition system called GFBioField for both its ground fish 

survey and its port sampling programme [225], however less detailed data will be recorded in 

the case of port sampling.  The biological information is stored in a database called GFBio 

which models the data collection process in the following way. 

 Each data collection activity begins with a Trip, which represents the activity of a 

vessel leaving port to conduct fishing operations.   

 Each trip yields one or more Fishing Events which represent specific instances of 

fishing activity such as a trawl, longline, or trap set.   

 Each fishing event results in some Catch, which is recorded as the amount (weight 

and/or numbers) of each species caught.   

 Biological Samples are taken from selected fish species in the catch.   

 Each sample yields measurements recorded from individual fish, represented as 

Specimens with associated recorded attributes. 

 
Figure 68 GFBio database structure 
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Port sampling uses a dummy haul number  to denote that a recorded fishing event represents 

many actual fishing events aggregated together.  In the Pacific region these dummy haul 

numbers conventionally begin at 900 - if three different samples were taken from the same 

vessel offload, the haul numbers for these samples would be recorded as 900, 901, and 902. 

Figure 68 actually shows a simplified version of the database schema since a Catch can come 

from multiple Fishing events and a Fishing Event can have many catches.  There may also be 

many Samples in each Catch and each Sample may contain many Catches.  These many-to-

many relationships are modelled using associative tables which contains the ID fields linked to 

both tables involved in the relationship – this is shown in  

Figure 69. 

 
 

Figure 69 GFBio table hierarchy 

Most sampling data is recorded electronically.  On research surveys the GFBioField system is 

deployed on ruggedized laptops whilst for port sampling a rugged Yuma tablet is used.   

Logbook information (either from observers or fishers) is submitted to Fisheries and Oceans 

Canada and stored in an Oracle database – this can be accessed directly by the scientists since 

they are part of the same organisation.  Detailed information on latitude, longitude, depth of 

capture, and gear are recorded and the catch information is recorded as weights and/or 

counts.  The Logbooks data follows the same general structure as the survey and port 

sampling data but only has data in the Trip, Fishing Event and Catch levels of the hierarchy.  

Generally port sampling records can be linked to the logbooks data through what is called the 

“hail in”.  All commercial vessels are required to “hail out” when they are starting a trip and 

they must “hail in” prior to landing to set up dockside monitoring of their catches.  The hail in 

number provides a natural linkage between the various types of data that are collected for a 

trip however there are occasions where a vessel will have multiple hail ins and it is necessary 

to do some manual linking. 
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8.12.2. Evaluation 

Having a common architecture for the GroundFish survey, port sampling and logbooks 

databases is a good idea and reduces the complexity in maintaining multiple different database 

structures.  This is possible because the DFO manage all those databases and are using in-

house software for data acquisition.  In the case of the MI unifying structures might not be 

possible due to the external ownership of the Logbooks database and the use of third-party 

software for the Irish GroundFish survey database application.  It is something to be borne in 

mind during development though. 

Electronic data capture for port sampling should be adopted at the MI – if a similar system to 

the replacement for Stockman can be adapted to tablets which will not always be on-line this 

would reduce development and support costs. 

Linking the port sampling records to logbook records via an identifier (e.g. Log sheet ID) at the 

time of recording would make reconciling the databases easier. 

 

8.13. Shetland Islands 

8.13.1. Description 

 
 

Figure 70 Shetland Islands 

 

The Shetland Islands are part of the UK and lie to the north-east of Scotland as seen in  

Figure 70 taken from [226].  The Shetland Shellfish Management Organisation (SSMO) has 

been granted the legal right to manage the commercial fisheries for lobsters, crabs, scallops, 

queens, whelks, razorshells, cockles, mussels and oysters up to the six mile limit around 

Shetland [227] [228].  Data collected via logbooks belongs to the SSMO and is stored and 

managed by the North Atlantic Fisheries College (NAFC) Marine Centre [229] on its behalf.  

There is an agreement that the data will be used for stock assessment and fisheries 
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management purposes - the NAFC and SSMO would ask permission from the fishers before 

the data was used for anything else.  Other sensitive data such as VMS or that associated with 

particular research projects is handled similarly to the logbooks data. 

The NAFC Marine Centre owns all of the biological research data that is collected (such as 

observer data and market sampling) and feeds into the stock assessment.  This would be 

handled sensitively if individual fishers could be identified from the spatial reference.  

The NAFC fisheries database stores all the relevant data for fisheries management in a single 

place. 

Data is collected and stored using a system developed by Olrac [230] – the data management 

module is accessed using a web interface written in PHP and uses a MySQL database.  

Previously a database written in Microsoft Access had been developed and used but it was 

difficult to modify the system as the data requirements changed. 

 

8.13.2. Evaluation 

It is hard to take transferable lessons from the Shetland Islands due to the nature of the 

regulating order under which the SSMO works and the fact they are a small-scale fishery.  The 

ability to store and manage all the fisheries data in single organisation’s system would be 

extremely useful but it is not a realistic goal for the Marine Institute. 

 

8.14. Laboratory Information Management Systems 

8.14.1. Description 

Laboratory Information Management Systems (LIMS) are used to manage data and information 

in laboratories.  They can incorporate a wide variety of functions including operations 

management, data management, quality control, compliance and information sharing [231]. The 

basic concept of a LIMS is to help turn samples into information, as shown in Figure 71, taken 

from [231]. 
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Figure 71 Simple LIMS 

LIMS can provide comprehensive sample management functions including: receiving and 

tracking samples and associated data, assignment and scheduling of the sample into the lab's 

workflow, processing associated with the sample, data storage related to analysis, and approval 

and compilation of sample data for reporting and future use. 

LIMS have had a reputation for being difficult-to-use and expensive but there are now vendors 

who offer them using the “Software-as-a-Service” model which removes a lot of the IT costs 

associated with them [232].  Some organisations will employ different LIMS for different 

laboratories. 

 

8.14.2. Evaluation 

The possibility of implementing a LIMS to replace the current in-house tools used by the MI 

should be investigated.  This could provide a more consistent and reliable way of managing 

sample information and processing through the entire sample life-cycle.  [233] provides 

detailed insight on the implementation of a LIMS, including time-scales and risks.  It has been 

noted that it is better to use a LIMS supplied by a vendor who is familiar with the buyer’s 

industry or scientific sector rather than trying to customise a more generic product [234].  

Fisheries and Oceans Canada installed the Nautilus LIMS produced by Thermo Fisher Scientific 

in 2008 [235] – DAFM also use Nautilus for their Veterinary Laboratory Services [236]. 

8.15. Conclusion 

The following recommendations are made in line with the previous discussions. 

1. Maintain a public list of FEAS data sources including their public availability. 

2. Create short documents that describe the purpose and structure of each data source. 

3. Allocate a data steward or primary contact for each data set. 

4. Create a light-weight FEAS Data Management Plan which includes a section on how 

each data source will be improved, along with simple metrics and time-scales. 
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5. Continue to monitor ICES groups for changes in sampling procedure so that any 

necessary changes can be incorporated into our databases. 

6. Future database development should be done with integration in mind – siloed 

development is not acceptable any more. 

7. The possibility of purchasing a LIMS to manage sample information should be 

investigated. 

The emphasis should be on implementing light-weight procedures that will deliver clear 

benefits not creating documentation for its own sake. 
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9. FISHERIES DATA MANAGEMENT SYSTEMS – A 

GLOBAL SUMMARY 

9.1. Introduction 

As previously discussed, during the project’s lifetime it was observed that the fisheries data 

management problems which were observed were rarely purely technical issues.  Instead they 

usually arose due to a combination of legal, procedural, and motivational difficulties that arose 

when data was collected, managed, shared and used by different organisations.  As part of the 

Joined-Up Thinking from Joined-Up Data project two international fact-finding trips were 

arranged with the aims of: (1) studying how the fisheries data system works in other countries; 

and (2) identifying models or processes which could be used to improve the situation in 

Ireland.   

The decision on which countries to visit was made based on two important factors: their 

perceived fisheries management ability, and their openness and willingness to talk to non-

national researchers.  The practicalities of communication and grouping organisation visits 

together to maximise the value of the trips were also considered.  The contacts for each visit 

were determined using a combination of on-line research, email conversations, and existing 

connections.  At each location, meetings were held with as many relevant people as possible in 

order to maximise the overall return from the visit.   

The first trip was to North America and took place in December 2015 -  visits were made in 

person to the NOAA Fisheries headquarters in Silver Spring, MD, USA, the Atlantic Coastal 

Cooperative Statistics Program (ACCSP) office in Arlington, VA, USA, and the Maritimes 

regional office of Fisheries and Oceans Canada in Halifax, NS, Canada.   
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Figure 72 Organisations visited in North America 

The second trip took place in March 2016 to Australia and New Zealand - visits were made in 

person to Hobart, Tasmania to talk to CSIRO; Canberra to meet with AFMA, Archipelago 

Asia Pacific, ABARAES, and FRDC; and Sydney, NSW to meet NSW DPI Fisheries.   In New 

Zealand the following organisations were visited in Wellington: Ministry for Primary Industries, 

NIWA, and FishServe.   

 
Figure 73 Organisations visited in Australia and New Zealand 
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9.2. United States of America 

9.2.1. NOAA Fisheries 

Structure	
The structure of the fisheries management landscape in the USA is complicated.  NOAA 

Fisheries (previously named National Marine Fisheries Service) is a Line Office of the federal 

National Oceanic and Atmospheric Administration organisation and consists of a headquarters 

based near Washington DC and a number of regional offices and laboratories.  It is responsible 

for stewarding the US living marine resources and in 2015 its budget was US$ 958m 

(approximately € 880m at today’s exchange rate).  The agency is divided between regulatory 

and scientific roles and this distinction is seen in the regional split between scientific and non-

scientific work.  The regions are primarily responsible for both the regulatory and scientific 

functions - the Science Centres and Regional Offices are often located relatively closely 

together. 

There are 6 regional NOAA Fisheries Science Centres (below and Figure 74):  

 North East, 
 South East, 
 North West, 
 South West, 
 Alaska, 
 Pacific Islands, 

 
Figure 74 NOAA Fisheries Science Centre locations 
(https://www.st.nmfs.noaa.gov/ecosystems/climate/regions-topics/index) 

and there are 5 NOAA Fisheries Regional Offices which are responsible for monitoring catch 

and implementing regulations in federal waters:  

 Greater Atlantic, 
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 South East and Caribbean, 
 West Coast, 
 Alaska, 
 Pacific Islands. 

 
Figure 75 NOAA Fisheries Regions 
(http://www.nmfs.noaa.gov/sfa/management/recreational/get_connected.html) 

There are also 8 Fishery Management Councils (FMCs), which are responsible for setting 

annual catch limits and developing fishery management plans in federal waters, located in:  

 New England 
 Mid-Atlantic  
 South Atlantic 
 Caribbean 
 Gulf of Mexico 
 Pacific 
 Western Pacific 
 North Pacific 

These contain members from the environmental, academic, government, and commercial and 

recreational fishing sectors. 

 

 
Figure 76 Fishery Management Councils (http://www.nmfs.noaa.gov/sfa/management/councils/) 
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There are 3 Interstate Marine Fisheries Commissions1: 

 Atlantic States Marine Fisheries Commission (ASMFC) 
 Gulf States Marine Fisheries Commission (GSMFC) 
 Pacific States Marine Fisheries Commission (PSMFC) 

These act as coordinating bodies for the relevant state waters. 

There are also 6 Fishery Information Networks (FINs) which collect, manage, and disseminate 

statistical data on commercial and recreational fisheries, namely:   

 Alaska Fisheries Information Network (AKFIN, managed by PSFMC) 
 Atlantic Coastal Cooperative Statistics Program (ACCSP) 
 Gulf Fisheries Information Network (GulfFIN, managed by GSFMC) 
 Pacific Fisheries Information Network (PacFIN, managed by PSFMC) 
 Recreational Fisheries Information Network (RecFIN) 
 Western Pacific Fisheries Information Network (WPacFIN) 

The FINs play an important role as a link between State and regional data collection programs. 

They act both as key data contributors and as liaisons for identifying and working to meet 

State and regional data needs2. 

 

Legislative	Basis	
The Magnuson-Stevens Fishery Conservation and Management Act (MSA)3 provides the 

legislative basis for NOAA Fisheries to function.  The USA has a federal government structure 

comprising a central government and 50 State governments – this structure has a large impact 

on the way that NOAA Fisheries must work.  Generally the coastal waters from 3 nautical 

miles to 200 nautical miles are the responsibility of the federal government whilst the waters 

from 3 nautical miles to the shore (along with inland waters) are the State’s responsibility.  

There are exceptions to this 3 nautical mile limit, for example Texas’ State water boundary is 

at 9 nautical miles. 

USA is also a member of international marine organisations including International Council for 

the Exploration of the Sea (ICES), Northwest Atlantic Fisheries Organisation (NAFO), and the 

North Atlantic Salmon Conservation Organisation (NASC). 

 

Data	
 “Rule of Three” 

Under the MSA the government cannot make public any data that can be linked to individual 

people or businesses.  This is achieved through applying the “Rule of Three,” wherein any data 

                                                 

1 http://www.fisheries.noaa.gov/sfa/management/state_federal/index.html 
2 https://www.st.nmfs.noaa.gov/data/fis/structure/partnerships 
3 http://www.fisheries.noaa.gov/sfa/laws_policies/msa/index.html 
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presented to the public must have been reported by at least three fishers or dealers.  If the 

threshold of three is not reached data can either be aggregated to higher levels until the 

threshold is reached or the data can be omitted from any request for information.  The Rule of 

Three is not fool-proof, in particular there can be concerns when the same data is released by 

two different organisations – if the aggregation is performed differently, then, the difference 

between the two aggregated data sets might inadvertently reveal confidential information. 

 

VMS data 

VMS data is handled by the NOAA Fisheries Law Enforcement section – each NOAA Regional 

Office has a VMS office which is located inside the Law Enforcement office.  Whether a vessel 

is required to use VMS is decided on the basis of the fishery in which it operates.  FMCs 

decide whether VMS will be required for a particular fishery and the associated ping rate.  The 

central Law Enforcement office considers request for new VMS requirements by FMCs and 

decides whether they are practical and implementable or not.  It also runs a central help desk.  

There is no need to consider foreign VMS systems as, unlike the European Union, the USA 

Exclusive Economic Zone (EEZ) is not shared with other countries. 

VMS data is shared with the Coast Guard, Department of Defence, the Navy and other 

military bodies as required.  It is also pushed to databases in each regional Science Centre.  

The MSA allows NOAA employees that are developing fisheries management plans to have 

access to the raw VMS data – in practise this is interpreted broadly so that NOAA Fisheries 

employees will normally be able to access the data after signing a Non-Disclosure Agreement 

(NDA).   

States can gain access to aggregated VMS data – this will be aggregated spatially to rectangles 

and temporally to days (each aggregated rectangle must also contain at least 3 points within it).  

Universities can apply for aggregated VMS data under the Freedom of Information Act.  If a 

researcher at a university is employed by NOAA on a contract they will be able to work with 

the raw VMS data (after signing an NDA). 

 

Commercial fisheries data 

Other commercial fisheries data includes logbooks, dockside sampling, at-sea observers, and 

dealer data (sales notes).  Depending on the region some of this data will be collected federally 

and some at a State level.   

NOAA Fisheries coordinates its observer programme through the central Office of Science 

and Technology but it is implemented by the regional Science Centers.  States may also run 

their own observer programmes (e.g. the Alaskan shellfish observer programmes).  The 

presence of observers on-board is usually mandatory. 
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Dealer data (sales notes) can either be collected federally (as in the North East region) or be 

reported by individual States (as in the South East region).  A variety of different systems can 

be used to collect this data ranging from electronic systems (such as the eDR system 

developed by ACCSP) to paper forms.  Dealer data contains the price that fish are sold for but 

economic data on the cost of fishing is not uniformly available since fishers are protective of 

this information. 

 

Recreational fisheries data 

The South East Fisheries Science Center runs an annual national Marine Recreational Fisheries 

Statistics Survey and manages the database of its results. 

 

Discussion	
The different regions have different structures, opinions, and behaviours.  For example, the 

North East region generally has the most federally collected data and also the most advanced 

FIN (ACCSP) which means that harmonising and centralising data is well established.  The Gulf 

States in the South East region appear more independent so tend to be reluctant in sharing 

data with the federal government.  The South East, particularly Florida, also has a large amount 

of recreational fishing which requires a data collection programme.  The Alaskan region only 

has a single State to cooperate with but there is a mix of data that is collected federally or by 

the State.  Some States have also argued that since the actual science and regulatory functions 

are performed within the regions there is no need for data to leave the regional offices.  Some 

data can be required by the States but not required federally and vice-versa – it is not an ideal 

situation if people have to report similar data to two separate bodies. 

From a federal point of view this creates the situation where State data collection can be 

funded from the federal budget but it is difficult to subsequently access the data collected.  It 

would be simpler to collect all data federally but this is not politically possible.  In the absence 

of full Federal data collection the ACCSP provides a good model of how a complicated system 

with many stake-holders can be made to work. 

The MSA simplifies data sharing in many instances since it clearly specifies people that can have 

access to the data however difficulties can arise for those included.  This means that if you 

have an employment contract with NOAA Fisheries you will normally be able to access all the 

commercial fisheries data you require but it is normally not possible for researchers outside of 

NOAA Fisheries to access any detailed data.	
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9.2.2. Atlantic Coastal Cooperative Statistics Program (ACCSP) 

Structure	
The Atlantic Coastal Cooperative Statistics Program (ACCSP) acts as the Fisheries Information 

Network (FIN) for the US Atlantic coast.  It was created in 1995 when 23 agencies signed a 

Memorandum of Understanding with the intention of creating a source for fisheries dependant 

data on the Atlantic coast.  Initial funding for a single staff member and committee support was 

provided through the Atlantic States Marine Fisheries Cooperative Management Act (it is now 

funded through Congressional spending).  The 23 programme partners include 2 federal 

agencies (NOAA Fisheries and US Fish and Wildlife Service), 5 councils or commissions 

(including the 3 Atlantic Fishery Management Councils, the Atlantic States Marine Fisheries 

Commission, and the Potomac River Fisheries Commission), the 15 Atlantic State fishery 

agencies, and the DC Fisheries and Wildlife Division. 

 
Figure 77 ACCSP partners (ACCSP Twenty Years in Review 
http://www.accsp.org/sites/default/files/ACCSP_TwentyYearsInReview_0.pdf) 

 

The ACCSP is a committee based organisation as this is the only way to ensure all 23 partners 

are represented.  The Coordinating Council is the governing body of the ACCSP – a sub-

group of the council called the Executive Committee meets more regularly.  Other 

committees include the Technical, Outreach, and Operations committees.  The fishing industry 

can have input to the ACCSP via the Advisory committee, along with the academic community. 
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Figure 78 ACCSP Committees (ACCSP Twenty Years in Review 
http://www.accsp.org/sites/default/files/ACCSP_TwentyYearsInReview_0.pdf) 

The ACCSP currently employs a Director and 11 other permanent staff members.  ACCSP 

staff members take responsibility for coordinating specific committees.  The ACCSP is co-

located with the ASMFC who also provide administrative support.  The ACCSP’s 2014 budget 

was around US$ 4m (approximately € 3.68m), of which 55% was used to provide funding for 

partner projects. 

 

Legislative	Basis	
The programme partners participate in the ACCSP voluntarily so there is no legal foundation 

to the organisation apart from Memoranda of Understanding.  Likewise, the data calls the 

ACCSP issues cannot be enforced legally. 

 

Data	
 “Rule of Three” 

Similar to NOAA Fisheries ACCSP use the “Rule of Three” to decide whether data has been 

sufficiently aggregated to be considered anonymised.  This can mean that some States can’t 

have their sales totals reported since they only have a single fish dealer reporting sales – in this 

case their data would normally be aggregated with a neighbouring State’s data before being 

reported. 

 

Data Ownership 

The ACCSP does not own any of the data that it processes – ownership remains with the 

partner who provided the data.  When a request for data arrives at ACCSP from an outside 

party then permission has to be sought from all the partners who own the requested data.  If 

some partners give permission and some don’t then the data request will only be partially 
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fulfilled.  This system works well from the data governance perspective but is not always the 

fastest or most practical system to use. 

 

VMS data 

ACCSP do not handle VMS data. 

 

Commercial Fishery data 

ACCSP coordinate Logbooks, Observer, Dealer, and Biological data from their partners.  They 

have developed SAFIS (Standard Atlantic Fisheries Information System) which allows on-line 

submission and collection of data.  SAFIS eDR (Electronic Dealer Reporting) allows dealers to 

enter an electronic dealer report, eTrips allows electronic recording of commercial or 

recreational logbooks data, and eLogbook allows data collection from recreational anglers.  

eDR and eTRIPS are used to record trip-level reports and data can be submitted daily or 

weekly depending upon the reporting requirements of the managing agency.  The mobile 

application eTRIPS/m allows for real-time or near real-time reporting. 

Not all data is collected through SAFIS so additional State and federal data must be merged 

with the SAFIS data into a data warehouse. 

 

Data Warehouse 

The ACCSP Data Warehouse is an online database populated with the Atlantic coast fisheries-

dependent data and is an important method of disseminating collected data.  The Data 

Warehouse currently contains commercial landings from Maine to Florida from 1950 to 2014 

and recreational landings from Maine to Florida from 1981 to 2014.  There are 2 types of 

access to the Data Warehouse: the Public Data Warehouse does not require an account but 

only contains non-confidential data; the Login Data Warehouse requires an account to be 

created but can offer access to confidential data (depending on access rights of user). 

The Data Warehouse load process4 is summarised as: 

 Identify Data Sets & Consolidate Participant Files: The data load process 

begins each year when approximately 30 data sets are identified and individual 

participant files (e.g., dealers, fishermen, vessels) are submitted to ACCSP staff by the 

partners. 

 Load Initial Data: Partners submit trip-level data sets including dealer landings, as 

well as harvester and fishermen catch records. Before data submission, programme 

partners are responsible for the first round of quality assurance and control measures.   

                                                 

4 http://accsp.org/data-load-process 
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 Merge Dealer and Fishermen Data & Load Secondary Data: Due to variations 

in reporting requirements along the coast, in some cases the most accurate accounting 

for landings is a combination of dealer and fisherman reports. Therefore records from 

those States where this is true have their fishermen and dealer data merged.  There is 

a second round of quality assurance and control measures. 

 Views are Refreshed: Once the process is complete, there is a refresh of the Data 

Warehouse, including the preliminary data sets from the previous year, conducted in 

April and then again in September incorporating final data sets from the previous year. 

A first data call is issued to ACCSP partners in February and loading of the commercial data 

then takes place.  Preliminary data for the previous year are then available in the Data 

Warehouse.  A second data call is issued later in the year and the finalised data is available in 

September.  The preliminary and final data sets are also sent to NOAA Fisheries North East 

science centre, South East science centre and headquarters. 

 

Standards 

Data submitted to ACCSP must be standardised in terms of data collection and coding – the 

2012 edition of the Atlantic Coast Fisheries Data Collection Standards is a 288 page document.  

It should be noted that the partners are free to use whatever coding they like on their own 

system as long as it can be mapped to the ACCSP coding for submission.  The Commercial 

Technical Committee has a Codes and Standards Sub-Committee that routinely refines the 

coding system on a monthly basis. 

 

Discussion	
As indicated the US fisheries landscape is complicated so the work of the ACCSP necessarily 

involves consulting a large number of stake-holders.  The ACCSP is now perceived as an 

exemplar FIN but achieving this status was not straight-forward and many of the initial 

discussions were heated.  This data management work is not free so there is an annual cost in 

running the ACCSP, although over half its budget is actually used to fund data collection 

projects in its partner agencies.  The ACCSP budget is of the same order as the other FINs 

and they are all vulnerable to Federal budget cuts. 

The ACCSP data warehouse is typically updated twice a year with data from its partners and 

the data loading is a complicated process.  There can be conflicts between different partners’ 

data needs – for example the NOAA Fisheries Regional Offices typically want the data as 

quickly as possible and are willing to compromise on quality whilst the Science Centres want 

the best data and are willing to compromise on timeliness of delivery. 
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The ACCSP makes better data available more quickly for the Atlantic coast than the other 

regions of America.  It has improved data collection quality and continues to do so as a result 

of its own developments and funding from its partner agencies. 

 

9.3. Canada 

9.3.1. Structure 

Canada has a federal system of governance which includes a central government based in the 

capital city of Ottawa, and 10 provinces or territories with their own governments.  The 

division of powers between the governments is defined by the Canadian Constitution. By 

default, any powers not explicitly given to provincial governments fall under the responsibility 

of the federal government. 

Department of Fisheries and Oceans (DFO), Canada, is the federal body responsible for 

managing Canada’s fisheries.  It consists of a headquarters based in Ottawa and 6 regions: 

 Newfoundland and Labrador, 
 Maritimes, 
 Gulf, 
 Quebec, 
 Central and Arctic, 
 Pacific. 

DFO has both science and regulatory functions and also incorporates the Canadian Coast 

Guard.  With respect to fisheries data the 6 DFO regions generally operate independently of 

each other.  Fish stocks are typically allocated to a particular region for assessment (if a stock 

straddles regional boundaries responsibility for it will be assigned to one of the regions).  Each 

region decides how to design its own programmes, and how to code and store its data – there 

are no common fishery data systems across all the regions.  The Central and Arctic region 

tends to have the most cooperation with other regions because it is often reliant on these 

regions for information given that fish caught in the region tend to be landed elsewhere.  

DFO’s budget for 2014-15 was CAD$ 1.6b (approximately € 1b). 



NDP Marine Research Sub-Programme 2007-2013 

    
 

138

 
Figure 79 DFO regions (http://www.dfo-mpo.gc.ca/regions/index-eng.htm) 

9.3.2. Legislative Basis 

The 1868 Canadian Fisheries Act5 and its subsequent amendments empowers the DFO to 

manage and protect fisheries resources.  Generally the federal DFO is directly responsible for 

all marine species and works in partnership with provincial and territorial governments with 

respect to fresh-water species (provincial and territorial governments also generally control 

licensing of recreational freshwater fishing). 

The Transboundary Resources Assessment Committee (TRAC) works under a bilateral 

agreement with the NOAA Fisheries North East region to manage shared resources across 

the USA - Canada boundary in the Gulf of Maine-Georges Bank region. 

Canada is also a member of international marine organisation including International Council 

for the Exploration of the Sea (ICES), Northwest Atlantic Fisheries Organisation (NAFO), the 

North Atlantic Salmon Conservation Organisation (NASC)  and a cooperating non-contracting 

party in the North East Atlantic Fisheries Commission (NEAFC). 

 

9.3.3. Data 

 “Rule of Five” 

When anonymising data using aggregation then at least five units should be included in each 

set.  DFO believes that with data sets smaller than five the likelihood of disclosing information 

about identifiable individuals’ increases.  Care must also be taken so that the information 

provided cannot be combined with another source to reveal personal information. 

 

VMS data 

                                                 

5 http://laws-lois.justice.gc.ca/eng/acts/F-14/ 
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VMS data is collected by the regional Conservation and Protection department – this is the 

enforcement arm of the DFO.  Essentially DFO scientists have free access to the VMS data 

within their region.  

 

Commercial fisheries data 

As with the VMS data DFO scientists essentially have free access to their region’s commercial 

fisheries data.  This would include port sampling, logbooks, sales notes, and observer data. 

An observer programme is run which is paid for by the fishing industry.  These observers are 

there both to ensure compliance and generate scientific data.  External companies usually 

provide the observers and these companies must be certified.  The observer data remains the 

property of the government – it can be seen by relevant organisations and the vessel skipper.  

The east coast regions also use video observer data (typically 10% of a video might be watched 

but if an infringement is spotted in that sample then the whole video will be watched).  There 

can be temporal and spatial coverage issues in the observer programme – for example Cod is a 

choke species for Halibut in the Georges Bank and a high observer coverage is required but 

this can reduce the coverage available in other areas.   

Port sampling in the Maritimes region is a mixture of in-house and out-sourced work - the 

data gets stored in a separate database.  The Zonal Interchange Format (ZIF) used to be used 

for commercial fisheries data but this was replaced by MarFIS which is the Maritime region’s 

fishery information system.  Creating a CanFIS system for the whole of Canada has been 

mooted in the past but no work has been conducted towards this recently.  Since data is 

stored in separate database systems it must be matched – typically this is done using the 24 

digit hail-in number which appears in all the databases. 

The decision about whether to make data available for academic studies is typically done on a 

case-by-case basis – one of the common enablers is to ensure a DFO scientist is involved in 

the project, in which case they can use the commercial data.  NGOs are also interested in the 

data but they would not have access to detailed, confidential data – DFO believes that NGOs 

can potentially also cause problems with relations with the fishing industry. 

 

Shared Services Canada 

There is an ongoing move to centralise Canadian government IT services and this is performed 

by Shared Services Canada.  For example, all government email systems will be moved to a 

single system using @canada.ca addresses rather than department specific systems.  This has 

not affected the fisheries systems yet.  There are concerns that a centralised systems would 

not be flexible, would not support each region’s specific needs and that making changes to 

centralised systems can also be a time-consuming process. 
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9.3.4. Discussion 

The current system is strongly regional with DFO scientists able to access all the data they 

require within their region.  Most DFO work is done within a region so the current system 

works well.  If data is required from a different region, then it is generally a manual process to 

identify the correct person to contact about the data and arrange access / delivery.  This 

interaction was felt to be vital because different regions can use different processes, standards, 

and definitions for collecting their data so you should not simply use the data without 

understanding its characteristics.  For example, a fish length field in a different region’s 

database might have been measured differently to the fish length field in a specific user’s 

database.  It was felt that some standardisation would be useful though.  For example, ensuing 

that each region had their data stored in an Oracle database using a broadly similar structure 

would be helpful.  Currently each region’s data might not even be stored in a recognisable 

database, let alone have the same structure. 

 

9.4. Australia 

9.4.1. Structure 

Australia’s formal name is the Commonwealth of Australia and it is a constitutional monarchy 

with a federal system of government.  The head of state is the Queen of Australia represented 

by the Governor-General.  There are 6 states and 2 major territories: 

 New South Wales (NSW) 
 Queensland (QLD) 
 South Australia (SA) 
 Tasmania (TAS) 
 Victoria (VIC) 
 Western Australia (WA) 
 Australian Capital Territory (ACT) 
 Northern Territory (NT) 

The federal government of Australia is the Commonwealth government6 and Australia’s 

constitution defines the issues it can make laws on.  Under the constitution the 6 states retain 

their powers to make laws over matters not controlled by the Commonwealth government – 

state governments have their own constitutions and legislative, executive, and judicial 

structures.  If state laws conflict with the Commonwealth laws the constitution says that 

Commonwealth law takes precedent. Territories can be directly administered by the 

Commonwealth government or be self-governing – ACT and NT are self-governing.  Unlike 

                                                 

6 The terms “federal government”, “Commonwealth government”, and “Australian  government” tend to be 
used synonymously.   
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the states, territorial governance powers are granted by the Commonwealth government and 

thus can also be changed or repealed by it.7  Australia has a population of around 24 million 

people. 

 

 
Figure 80 Main states and territories of Australia 
(http://australiamap.facts.co/australiamapof/australiamap.php) 

Australia’s waters are generally unproductive in terms of wild-catch fisheries - Australia has the 

world’s third largest Exclusive Economic Zone (EEZ) but Australia’s annual commercial wild 

catch ranks 60th in the world at less than 250,000 tonnes 8.   

 
Figure 81 Size of Australian fishing industry (http://frdc.com.au/knowledge/q_and_as/Pages/size-of-
Australian-seafood-industry-compare.aspx) 

The “Offshore Constitutional Settlement” provides for the states and the Northern Territory 

to manage fisheries out to 3 nautical miles from the coast, and for the Australian Government 

to manage fisheries from 3 to 200 nautical miles (the EEZ or Australian Fishing Zone). 

However, these default arrangements are frequently varied through instruments known as 

offshore constitutional settlement arrangements.9  Half of Australia's fish catch by weight is 

caught in state waters whilst the value of state fisheries is around 3 times that of 

                                                 

7 http://www.australia.gov.au/about-government/how-government-works 
8 http://www.aph.gov.au/Parliamentary_Business/Committees 

/House_of_Representatives_committees?url=arff/fisheries/report.htm 
9 http://www.agriculture.gov.au/fisheries/domestic/zone 
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Commonwealth fisheries10.  Considering both wild-capture and aquaculture the top 5 species 

by volume are salmonid, Australian sardines, prawns, oysters, and tuna whilst the top 5 by 

value are salmonids, rock lobster, prawns, abalone, and tuna. 

 
Figure 82 Contribution to gross value of wild-capture fisheries production by jurisdiction, 2012–13 
(http://fish.gov.au/reports/Documents/SAFS_Reports_2014.pdf) 

 

9.4.2. Australian Fisheries Management Authority (AFMA) 

AFMA is empowered by the Fisheries Administration Act 1991 and the Fisheries Management 

Act 1991.  AFMA has offices in Canberra, Darwin and Thursday Island and employs around 

200 staff.  AFMA’s budget for 2015-16 was A$ 45.3m (approximately € 30.5m at today’s 

exchange rate) – of this A$ 14.42m (€ 9.7m) was expected to be recovered from the fishing 

industry.  The Commonwealth fisheries are managed in accordance with a cost recovery policy 

- this means that the commercial fishing industry pays for costs directly attributed to the 

fishing industry while the government pays for activities that benefit the broader community. 

Costs are recovered on a fishery by fishery basis. 

AFMA manages commercial fisheries from 3 nautical miles out to the extent of the Australian 

EEZ whilst the states and the NT manage recreational, commercial coastal and inland fishing, 

and aquaculture.  Broadly AFMA manages fisheries with a smaller number of larger boats whilst 

the states manage fisheries with a larger number of smaller boats.  AFMA also provides 

fisheries management services to Joint Authorities of the Commonwealth and state 

governments, including the Torres Strait Protected Zone Joint Authority (PZJA).  AFMA is also 

responsible for enforcing compliance.  AFMA has memoranda of understanding with the states 

and territories to allow cooperation and data sharing where there are fisheries of mutual 

interest.  The Australian Fisheries Management Forum (AFMF) is an informal network for 

sharing information between the state and federal agencies responsible for managing fisheries 

                                                 

10 http://www.marineconservation.org.au/pages/sustaining-our-fisheries.html 
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and aquaculture – it includes the heads of Commonwealth, state, and territory fishery 

management agencies along with other relevant observers such as the FRDC and CSIRO. 

Figure 83 shows the Commonwealth fisheries -  each fishery has a Management Advisory 

Committee (MAC) which provides AFMA with management advice.  Fisheries also each have a 

Resource Assessment Group (RAG) which provides scientific and economic advice to the 

fishery’s MAC and AFMA.  Memberships of these committees and groups include 

representatives of fishery managers, commercial fishers, scientists, state and territory 

governments, conservation groups, and recreational fishers.  Fisheries are assessed using the 

Maximum Economic Yield and the precautionary principle to set catch limits.  AFMA contracts 

out its stock assessment work to CSIRO and for this purpose CSIRO has a mirrored copy of 

some of the AFMA databases – stock assessors can also seek data from states if it is required.  

The estimated total of any state level catch of a fishing stock is removed from the 

Commonwealth Total Allowable Catch (TAC) before any quotas are allocated. 

AFMA grants statutory fishing rights for specific fisheries – these allow the holder to: 

 catch a particular quantity of fish (Quota statutory fishing rights) 
 use a boat in the fishery (Boat statutory fishing rights) 
 use a particular quantity of fishing equipment (Gear statutory fishing rights). 

There are a set number of rights per fishery and these rights can be bought, sold or leased but 

can only be held by an Australian boat. 

Commonwealth fishing permits allow commercial fishing for Commonwealth managed species 

and high seas if applicable.  These permits specify the area of operation, the boat being used, 

and other conditions, including fishing methods used and species taken.  The boat being 

nominated for a fishing permit must be Australian.  Permits are generally granted on an annual 

basis.  No new fishing permits are currently being granted but the existing ones can generally 

be transferred between people and boats.  AFMA reserves the right to suspend or cancel 

permits. 

Some fisheries require that fish processors hold a Fish Receiver Permit.  Scientific researchers 

conducting field work must also apply for a Scientific permit.  

Unlike most of the states AFMA does not have a separate research arm instead it funds 

research.  The AFMA Research Committee and the Commonwealth Fisheries Research 

Advisory Body both consider research proposals and prioritise research that contributes to 

improved fisheries management.  The results of research will be considered by the RAGs when 

providing advice. 
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Figure 83 Commonwealth fisheries (http://www.agriculture.gov.au/fisheries/domestic/zone) 

Data collected will vary by fishery.  An example is the Northern Prawn Fishery (NPF) 11 – this 

fishery is currently managed using effort controls (such as the total amount of net that can be 

used in a season, and the length of the season) rather than harvest control.   In the NPF there 

are 52 boat fishing rights – this is the maximum number of vessels that can be active at the 

same time.  There are 2 fishing seasons: the first season is from April to June and targets 

banana prawns (Penaeus merguiensis), whilst the second season is from August to November 

and targets tiger prawns (Penaeus esculentus).  Logbook, Observer, and VMS data is collected.  

The VMS data is available as a live feed at AFMA whilst an annual extract is supplied to CSIRO.  

Electronic logbooks which record data per haul are normally completed on a daily basis – 

monthly extracts of this data are supplied to the industry body NPF Industry Pty Ltd in the 

format of Microsoft Access databases.  The Logbooks data is also provided to CSIRO.  

Observer data is provided to CSIRO quarterly on DVDs.  Data is checked and verified at the 

end of each season. 

The Southern and Eastern Scalefish and Shark Fishery 12 has a port sampling program in 

addition to Observers, VMS, and electronic monitoring (e-monitoring).  The port sampling data 

is sent to CSIRO by the end of May.  E-Monitoring is also used for most commercial vessels in 

the Eastern Tuna and Billfish Fishery, the Western Tuna and Billfish Fishery, and the Gillnet, 

Hook and Trap fishery.  The system used by AFMA is supplied by Archipelago Asia Pacific and 

includes video cameras, drum sensors, and GPS sensors. The e-monitoring data is initially 

analysed by Archipelago and then sent to AFMA – it is then kept at AFMA for a minimum of 6 

                                                 

11 http://www.afma.gov.au/fisheries/northern-prawn-fishery/ 
12 http://www.afma.gov.au/fisheries/southern-eastern-scalefish-shark-fishery/ 
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months, although if infringements are observed then it will be kept for longer.  A cost recovery 

model for e-monitoring is used.  It was felt that legislation hadn’t kept pace with e-monitoring 

developments and there was currently no clear advice on whether the data could be shared.  

There are also some misgivings from industry about how video monitoring data and other data 

might be used and shared. 

When making data publicly available a 5 boat rule is used – that means the data shared must be 

aggregated such that the aggregations must include data from at least 5 different vessels. 

To encourage fishers to move to electronic logbooks they are charged fees for using paper 

logbooks 13.  Fishers are motivated to supply correct data because if a stock assessment has 

uncertainty to it due to a lack of good quality data then a discount factor is applied to the 

available TAC – the greater the uncertainty in the data the more the TAC is reduced. 

There is a generally a good relationship between AFMA, CSIRO, and the Australian Bureau of 

Agricultural and Resource Economics and Sciences (ABARES).  This was encouraged by the 

creation of the Fisheries Resources Research Fund (FRRF) in 1991 to support fisheries related 

research by AFMA, ABARE, and the Bureau of Rural Sciences – these 2 last bodies were then 

merged into ABARES.  Although the FRRF is provided by the government Department of 

Agriculture and Water Resources AFMA help administer it.  The FRRF is separate from the 

funding provided to the Fisheries Research and Development Corporation (FRDC). 

Since AFMA manages the waters further out from the coast it has a limited amount of dealings 

with recreational or indigenous fishing although there are particular exceptions such as 

indigenous fishing in the Torres Strait. 

 

9.4.3. Commonwealth Scientific and Industrial Research Organisation (CSIRO) Marine 

and Atmospheric Research 

CSIRO is the federal science organisation in Australia.  In 2014-15 it employed over 5000 staff 

in over 50 locations and had a budget of A$ 1.282b (approximately € 860m).  Fisheries science 

is included within the Oceans and Atmosphere “Flagship” which employed 387 staff at an 

expenditure of A$ 69m (€ 46.5m).  CSIRO performs stock assessments on a contractual basis 

for AFMA – these assessments are paid for by cost recovery from the fishing industry.  

Commercial fisheries data is used for the assessments and the results are then considered in 

the AFMA Resource Advice Groups (RAGs).  It is not always possible to perform full analytical 

stock assessments either due to a lack of data or because the expense cannot be justified for 

low value fisheries.  When there is less confidence in the results of the stock assessment then 

discount factors are applied to reduce the TAC in line with the level of uncertainty. 

                                                 

13 http://www.afma.gov.au/fisheries-services/fees-payments/ 
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9.4.4. Fisheries Research and Development Corporation (FRDC) 

The FRDC is a statutory corporation which is funded primarily by the Australian government 

and the fishing industry.  Its role is to plan and invest in fisheries research, development and 

extension (RD&E) activities in Australia.  The FRDC’s stakeholders include all the aspects of 

the fishing industry namely commercial wild-catch, aquaculture, recreational, and indigenous.  

In 2014/15 the FRDC had income of A$ 31.75m (approximately € 21.4m), of which around 

60% was provided by government and 30% came from the fishing industry.  In the same period 

it spent A$ 28.16m (€ 19m) of which nearly 90% was on its Research and Development 

programmes.  The FRDC employed 15 staff during that time. 

The FRDC supports a network of Research Advisory Committees (RACs) – these were 

previously called Fisheries Research Advisory Bodies (FRABs).  There is a RAC for each state, 

the Northern Territory, and the Commonwealth.  RACs decide on their own priorities for 

funding - the RAC priorities are then grouped together to generate an overall priority list.  

The FRDC will then put out a call for applications which must be targeted at these priority 

areas. 

There is also national funding available which is targeted at the 3 national priorities: 

1. Ensuring that Australian fishing and aquaculture products are sustainable and 
acknowledged to be so. 

2. Improving productivity and profitability of fishing and aquaculture. 
3. Developing new and emerging aquaculture growth opportunities. 

The FRDC doesn’t fund stock assessments but it does fund a reporting framework for them.  

One of the major areas in which FRDC is currently active is the development of the “Status of 

Key Australian Fish Stocks” (SAFS) reports14.  These provide a nationally agreed framework 

for stock assessments.  The SAFS Advisory Group has representatives from each state, 

typically the senior fishery scientist, and decides who will write each chapter.  The chapters are 

peer-reviewed and can be cited – it is vital that the data (in an aggregated form from at least 5 

boats) and the references for each chapter are also made publically available so that the 

process is transparent.  Overall around 120 scientists are involved in the drafting process. 

SAFS is an important deliverable on national priority 1 and some of the key drivers for its 

development include the 2011 “State of the Environment” report and the 2012 “Netting the 

Benefits” parliamentary enquiry.  Another driver was thought to be the fishing industry’s desire 

to have a robust defence against NGOs.  Each jurisdiction still also produces its own stock 

status report and there can be differences between these and SAFS due to differences in 

legislation, definitions, and reporting standards.  An example of a difference is the SAFS 

inclusion of the “environmentally limited” status which is used when stocks are suffering due 

                                                 

14 http://fish.gov.au/Pages/default.aspx 
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to non-fishing problems such as disease.  It is hoped that over time SAFS might replace some 

of these state reports. 

SAFS is currently produced every 2 years but the aim is to make it more dynamic.  In this case 

when new data is available SAFS can be reviewed and updated.  Different states have different 

assessment time-scales so it might be the case that particular species and fisheries will be 

assessed using a mix of data from different years. 

FRDC also runs campaigns to encourage seafood consumption through the FishFiles website 15 

and features on popular media. 

 

9.4.5. Australian Bureau of Agricultural and Resource Economics and Sciences 

(ABARES) 

ABARES is the science and economics research bureau within the Department of Agriculture 

and Water Resources and it produces annual Australian Fisheries and Aquaculture Statistics 

reports on the volume and value of production from Commonwealth and state fisheries.  

FRDC provide funding for these reports.  ABARES also produces other fishery related reports 

such as Agricultural commodity statistics, Australian fisheries survey report, and Fishery status 

reports. 

ABARES surveys fishers in the most important fisheries.  It is also able to use census data 

collected by the Australian Bureau of Statistics (ABS) to quantify fishery employment 

information.  Around half of the Australian fish landed is exported and economic data for the 

main export species can be tracked accurately – it is more difficult to measure the economic 

value of species used domestically. 

 

9.4.6. Archipelago Asia Pacific 

Archipelago Asia Pacific provide monitoring programmes for Australia and New Zealand – it 

can provide electronic monitoring, on-board observers, port sampling, and environmental 

consulting.  The main drivers for electronic monitoring include the cost of supplying observers 

and the need to increase monitoring coverage.  There can also be safety concerns about 

providing observer services, such as having to carry extra life-boats on small vessels.  Bottom-

up programmes have been seen to be more successful – the electronic data can also be used 

by the fishing industry as a defence against accusations of poor fishing practices.  A fully 

installed system will include video cameras, GPS system, gear sensors and will cost around A$ 

15,000. 

 

                                                 

15 http://www.fishfiles.com.au/Pages/default.aspx 
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9.4.7. NSW DPI Fisheries 

Fisheries in NSW are managed by the Fisheries section of the NSW Department of Primary 

Industries (DPI).  The majority of the funding for the NSW DPI Fisheries department comes 

from the FRDC although it also collects license fees.  There can be restrictions on how license 

fee money is used, such as only using recreational license fee money for the benefit of the 

recreational sector. 

Most of the NSW fisheries have large recreational catches but the largest, most valuable 

fisheries are predominantly commercial.  Most of the commercial vessels are relatively small 

(less than 15m length) and are operated by small family businesses.  With a larger number of 

small vessels in a large area effectively enforcing compliance with regulations is difficult. 

Commercial fisheries are generally being moved to a shared management model where each 

fisher’s share will be linked to their catch.  There are currently 2 quota species in NSW but 

more quotas are likely to be introduced in the future. 

Stock assessments are currently completed for around 100 species – around 95% of these are 

being sustainably fished.  The length, however, of the time-series collected is often relatively 

short and it was felt that if data was available for longer time periods a general drop in stock 

sizes would probably be observed.  Since there are a long-tail of low value species most 

assessments are qualitative and rely on logbook data. Stock assessments are performed 

annually but since there are a large number of stocks if there appears to be no change in the 

catch data many species won’t be discussed in detail.  The assessment class of each species is 

recorded with a numerical value indicating its accuracy (for example class 1 is a full assessment 

whilst class 2 use catch curves).  The number of species for each assessment class is then used 

as an organisation performance metric. 

Prior to 2009 logbooks were completed on a monthly basis but since that date they are 

completed daily.  Fishers are encouraged to move to electronic logbooks by charging for the 

completion of paper logbooks.  There are generally 2 versions of the catch data stored – the 

first is used as the legal declaration whilst the second is used for scientific purposes.  Observer 

programmes are also in place to assess discards, and port sampling is also used – otoliths can 

be taken and aged at the laboratory.  No VMS data is recorded.  There are some fishery 

independent surveys for important species such as rock lobster, spanner crabs, and abalone. 

Data can be shared with other states where assessments require it.  Requests for data from 

research bodies can also be fulfilled if a confidentiality agreement is put in place.  When data is 

made public it must be aggregated such that each value includes data from at least 5 different 

vessels. 

It is generally more difficult to collect recreational data than commercial fishery data. 

Recreational boats greater than 4m in length must be registered, and fishers must obtain a 
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recreational fishing license.  There are some recreational-only fisheries where the recreational 

fishers bought out the commercial fishers – it is thought that the total amount of fish caught 

stayed the same.  There were recreational fishing surveys in 2000 and 2015 and recreational 

fishers can also submit frames from important species (such as Mulloway, Snapper, Yellowtail 

Kingfish, Dusky Flathead, and Tailor) - otoliths can be taken from the frames 16.  This is self-

selecting so is probably not representative of the sector.  Angling diaries can also be kept and 

submitted.  The recreational fishing sector involves a lot of participants so any attempts to 

restrict fishing can cause a large amount of vocal opposition. 

There are some closed and protected areas such as Marine Parks – these are often objected 

to by commercial fishers but recreational fishers are usually more accepting.   

Indigenous fishing regulation is being developed in association with the Aboriginal Fishing 

Advisory Council – this will establish a separate management framework to provide access to 

fisheries resources for cultural purposes 

 

9.4.8. Summary 

Australia is generally considered to manage its fish stocks well.  There are a fairly large number 

of different organisations involved in different elements of fishery management and data 

collection.  The Commonwealth agencies were seen to have a close working relationship 

although it was pointed out that different states don’t always share data or expertise.  The 

FRDC funded “Status of Australian Fisheries” is a good example of national collaboration.  An 

interesting feature of the Australian system are the large number of low-valued stocks which 

must be assessed – due to the lack of data and expense  t is often not possible nor desirable to 

perform full analytical assessments.  The large, data-poor recreational catch also introduces 

uncertainty.  In these cases the precautionary principle is applied by reducing TAC by an 

amount proportional to the uncertainty.  Enforcement of fishing regulations can be difficult due 

to the large EEZ.   

 

9.5. New Zealand 

9.5.1. Structure 

New Zealand is a constitutional monarchy and consists of 2 main islands (North Island and 

South Island) in the south Pacific and has a population of around 4.5 million people.  It is 

governed by a single parliamentary body (the House of Representatives) elected using a form 

of proportional representation.  Its former upper chamber (the Legislative Council) was 

abolished in 1950 after it was clear that it had become ineffective.  To compensate for the lack 
                                                 

16 http://www.dpi.nsw.gov.au/fisheries/recreational/researchangler 
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of oversight of the lower house a stringent process for converting bills into laws was 

introduced which will normally require public consultation via Select Committees.  The head 

of state is the Queen of New Zealand, represented by the Governor-General. 

 
Figure 84 New Zealand (https://commons.wikimedia.org/wiki/File:NZTerritorialAuthorities.png) 

New Zealand’s EEZ is between the fourth and ninth largest in the world (depending on the 

definitions used and who is doing the counting) but these are relatively poor waters for fishing 

due to their depth and lack of nutrients.  New Zealand has an annual total wild catch of around 

400,000 tonnes17.  The New Zealand EEZ is split into 10 Fisheries Management Areas (shown 

in Figure 85) – these are the basis of Quota Management Areas (QMAs) for most stocks. 

The 1840 Treaty of Waitangi between the representatives of the British Crown and the Măori 

allowed, among other things,  the Măori possession of their fishing rights until they wished to 

sell them to the Crown.  Not all rights described in the Treaty were honoured so in 1975 the 

Waitangi Tribunal was created  to adjudicate on any violations and agree redress.  In 1986 

individual tradeable quotas (ITQs) for commercial fisheries were introduced which violated the 

Măori fisheries rights – subsequently a settlement was reached.  The commercial agreement 

involved a government buy-back of the shares distributed to commercial fishers and a 

redistribution to Măori representatives.  The Măori were also given a cash settlement which 

was used to buy half of New Zealand’s biggest fishing company (Sealord), and 20% of the 

commercial quota share of new species brought into the species in future.  The non-

commercial element was codified into customary fishing regulations which recognise traditional 

use.  Catch limits must also be set to take into account Măori customary use.18 

                                                 

17 http://www.fish.govt.nz/en-nz/Fisheries+at+a+glance/default.htm 
18 http://www.fish.govt.nz/en-nz/Publications/State+of+our+fisheries/Maori+Fisheries/default.htm 
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New Zealand’s quota management system (QMS) initially specified quota shares in terms of 

absolute tonnage but has been changed to one that specifies shares of a potentially varying 

Total Allowable Catch (TAC).   Typically the QMS considers single species or stock objectives 

although there are moves to incorporate wider ecosystem facets.  An Individual Transferable 

Quota (ITQ) is a share of the Total Allowable Commercial Catch (TACC) for a fish stock – it 

then generates an Annual Catch Entitlement (ACE) at the start of each fishing year.  The 

TACC is the quantity of fish stock that can be caught commercially after customary, 

recreational, and other sources of fishing mortality have been removed from the TAC.   The 

ACE is allocated to the owner of the ITQ who can use it themselves or sell it to other fishers.  

Commercial fishers must hold a permit – permit holders must report their catch and then 

either use their own ACE, obtain ACE, or pay a Deemed Value for the catch.  The Deemed 

Value is set at a level higher than the value of the catch.  This is a deliberate move to provide 

economic incentives to fisheries rather than simply enforcing control regulations.  If the 

Deemed Value is not paid, then the fisher will lose their permit – fishing without a permit is a 

criminal offence.  These two mechanisms, the TACC (with ITQ and ACE) and the Deemed 

Value regime, act to minimize over fishing of the stocks.  The use of discarding to avoid 

Deemed Value fees is common in some fisheries. 19 

 
Figure 85 Fisheries Management Areas (http://www.fish.govt.nz/en-
nz/Publications/Ministerial+Briefings/Ministerial+Briefing+05/Annex+1+-
+Fisheries+Management+in+New+Zealand/Fisheries+management+in+New+Zealand.htm) 

 

                                                 

19 http://icesjms.oxfordjournals.org/content/early/2013/10/16/icesjms.fst159.full 
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9.5.2. Ministry for Primary Industries (MPI) 

The New Zealand Ministry for Primary Industries (MPI) is a government department that 

regulates primary production industries such as farming, fishing, forestry, horticulture, and 

viticulture.  In 2015 it had expenditure (not including research money it administers) of NZ$ 

416m (~€ 250m)  and employs around 2,300 people.  MPI legislates on commercial, 

recreational, and Măori fishing.  The 1996 Fisheries Act, the 2008 Harvest Strategy Standard 

(HSS), and particular Fisheries Plans guide the MPI.  The HSS defines 4 measures to evaluate 

the status of fisheries: 

 The soft limit: the biomass level below which a stock is considered overfished. 
 The hard limit: the biomass level below which the stock is considered collapsed. 
 The overfishing threshold: the rate of extraction that should not be exceeded. 
 The management target: usually the biomass level that stocks are expected to fluctuate 

around.  This is normally calculated using Maximum Sustainable Yield. 

Annual Fishery Assessment Working Groups are convened which are open to anyone who 

wishes to attend.  Since industry is free to attend these meetings they can also generate and 

present their own data separately to that of the government contracted scientists – this can 

lead to stock assessments where fisheries scientists employed by the fishing industry and those 

contracted by government can disagree.  Once the working group and plenary group meetings 

are concluded the main management measure is to modify the Total Allowable Catch (TAC) 

or Total Allowable Commercial Catch (TACC).   

The MPI are stewards of commercial fisheries data including catch-effort data, landings, and 

monthly harvest returns (MHR – this data is used for ACE balancing and unbalanced landings 

will incur Deemed Value invoices for the excess catch).  MPI usually does not directly collect 

the data itself instead the services are contracted out.  There are 2 types of contracted 

services:  

 Fully Contracted.  The MPI establish a contract with a third party (the Service Delivery 
Agency, or SDA) for the delivery of a function but still retains the ultimate 
responsibility for it.  For example collection of logbook data is contracted to FishServe 
but they enter the data directly onto MPI systems. 

 Devolved Services.  An approved service delivery organisation (ASDO) takes on the 
full responsibility of delivering the services.  For example FishServe have certain 
functions devolved to them, these include processing quota and ACE transactions, and 
ACE balancing. 

The nature of the contract influences how fisheries data is made available to MPI.  The services 

fully contracted to FishServe will have their data entered immediately onto an MPI system, 

whilst the data from devolved services are transferred each night. 
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MPI maintains its own reference lists for items such as species names – these are generally 

internal lists and aren’t directly derived from other external reference lists.  The reference 

data is pushed from MPI to FishServe. 

MPI stores catch-effort and landings data.  VMS data is collected by the MPI Compliance 

department – it is not normally used for scientific research purposes.  Observers are used for 

both scientific and compliance purposes - the scientific observer data is stored at NIWA. 

Fisheries were previously managed by the Ministry for Agriculture and Forestry (MAF).  In 

1995 the Ministry of Fisheries (MFish) was rolled out from MAF and took responsibility for 

fisheries management.  MFish was ultimately merged back into MAF, and subsequently MPI.  

The Fisheries Research Division of MAF was merged into NIWA, a Crown Research Institute.  

Around 30 of MAF’s databases remained with NIWA, in particular the Observer database 

(COD) and the survey databases.  MPI have direct access to the databases managed by NIWA 

(using SQL via the Squirrel client). 

MPI act as a research funder and as part of the application process the applicant must specify 

what types of data the project will produce  - this has become more specific in recent years 

with applicants expected to show which of NIWA’s databases the data will fit into.  Where 

data does not fit into any of the standard NIWA database structures then it can be stored as 

flat-files.  MPI can access some of this research data directly whilst in other cases it must be 

requested from NIWA.  Metadata for completed research projects is available via the MARLIN 

website 20. 

Some data is made publically available, for example using the NABIS mapping tool 21.  Other 

ad-hoc public requests for data are generally treated as Official Information Act (OIA) request.  

Data released publically will not normally have any names attached to it and must be 

aggregated so that each data point contains data from 3 or more vessels or commercial 

entities.  Since companies will normally own multiple vessels it is usual that aggregations will 

contain data from more than 3 vessels.  Alternatively fishing permit holders can approve the 

release of their own data.  Researchers can sign confidentiality agreements which will allow 

them access to primary or detailed level data – in this case MPI will need to check and approve 

the outputs from the project before they are released.  There are also government drives to 

make more data publically available (NZGOAL). 

There are moves within MPI to integrate more fisheries data into data warehouses however 

since the MPI has a wide remit this warehousing will need to include more types of data so has 

not made significant progress yet. 

                                                 

20 http://marlin.niwa.co.nz/ 
21 http://www.nabis.govt.nz/ 



NDP Marine Research Sub-Programme 2007-2013 

    
 

154

Recreational data is collected via MPI funded research projects and surveys such as fisher 

diaries.  Recreational fishers do not generally need to be licensed but in some fisheries the 

recreational catch is estimated to be the same as the commercial catch.  A number of smaller, 

isolated datasets covering topics such as customary fishing also exist. 

MPI are currently scoping out an electronic monitoring project (Integrated Electronic 

Monitoring and Reporting System, IEMARS) – they are having to consider how the data will be 

used and the privacy and data ownership question that are raised. 

MPI talk to industry about issues such as quota rights.  This is easier with some sectors than 

others, for example the industry Deepwater group has a good relationship with MPI whilst 

dealing with inshore fishers is more fragmented and involves distinctive sub-sectors. 

 

9.5.3. National Institute of Water and Atmospheric Research (NIWA) 

NIWA is a Crown Research Institute which was established in 1992 and operates as a stand-

alone company.  In the 2014 financial year it had income of NZ$ 123 million  (~ € 82 million) 

and made a net profit of NZ$ 5 million (~ € 3.3 million) – it employs around 600 people.  

Government fisheries research was transferred to NIWA in 1995 – initially MFish purchased 

research from NIWA, before moving to a process whereby other parties could tender for the 

research contract.  NIWA also maintain databases for MPI under a contract – this contract is 

contestable such that it is possible another provider can take over this maintenance.  This 

means that the NIWA databases must theoretically be able to be moved to another provider 

even if this isn’t likely to be the case in the short-term. 

Documentation for the research databases maintained by NIWA can be found on the web 22 - 

the main types of databases are observer and survey databases.  There hasn’t been a demand 

to request and store VMS data for use in research. 

NIWA staff working on MPI funded projects or assessment groups can also gain access to MPI 

data.  If catch-effort is required than the relevant sub-set of the catch-effort data is requested 

from MPI.  At the end of the project this extract is archived.  These catch-effort data extracts 

used to be stored in the Fish_CE database but there is no benefit in doing this since future 

projects will have to request a fresh extract from MPI anyway. 

Entities other than NIWA can be successful in the MPI research tendering process, for 

example the industry Deepwater group have performed surveys.  In this case the data must 

still be delivered to NIWA and must meet their standards – in practice there can be 

incompatibilities when trying to import this data into NIWA’s databases.  There have been 

recent issues trying to fit metadata from industry acoustic surveys into the required NIWA 

format.  Data from MPI research projects also needs to be imported and this can involve 

                                                 

22 http://www.fish.govt.nz/en-nz/Research+Services/Research+Database+Documentation/default.htm 
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considerable work, particularly with inexperienced researchers.  MPI used to withhold 10% of 

the project payment until the data was successfully delivered but it was difficult for them to 

track and account for these un-paid retention payments.  NIWA can also be commissioned to 

do scientific work for other parties.   

 

9.5.4. FishServe 

FishServe is the trading name of the company Commercial Fisheries Services (CFS) – CFS is a 

subsidiary of the industry body Seafood New Zealand.  FishServe also has a subsidiary 

consultancy and development company, FINNZ.  FishServe employs around 50 people.  Since 

1999 FishServe has provided contracted and devolved services to the fishing industry which 

cost under NZ$ 4m (~€ 2.4m) annually- commercial fishers must deal with FishServe. There is 

a drive for FishServe to host more data since it is cost-effective and trusted by the industry.   

Prior to the existence of FishServe this work was done by a business unit of MFish under a full 

cost recovery basis – this unit was considered by the fishing industry to be over-priced, 

inefficient, inwardly focussed, and didn’t provide high quality services. 

FishServe provides the following contracted services: quota allocation, fishing permits, cost 

recovery, Deemed Values, special Approvals, foreign licensed access, high seas fishing permits, 

catch-effort returns, and fish farmer register management. 

It is responsible for the following devolved services: quota, ACE, Clients, ACE balancing, 

Licensed Fish Receiver (LFR) licensing, fishing vessel registrations, Automatic Location 

Communicators (ALC) registrations, caveats and mortgages. 

FishServe developed their own proprietary IT system – this is currently being re-developed 

and a new version will be released in July 2016.  The new system will be web-based and more 

modular – partly to allow the technology to be licensed and sold by FINNZ.  FishServe are 

also trialling electronic monitoring with Trident Systems. 

MPI have full access to the catch-effort and quota data that FishServe process – the quota data 

is provided to them by overnight transfers whilst the catch-effort data is directly entered on an 

MPI system. 

Most vessels currently use paper sheets to record catch-effort data – there are around 19 

different form types.  FishServe scan the original forms and enter the data from them.  

CEDRIC is an electronic catch-effort system which around 100 of the larger vessels use.  

Typically it is thought that 80% of paper forms have errors, this initially dropped to an error 

rate of 10% for those vessels using CEDRIC.  The error rate continued to drop as fishers 

became used to the system and now around 3% of the electronic submissions have errors.  

Validation errors are highlighted in the CEDRIC system – data can still be submitted with 

errors but fishers are reluctant to do this since the data will be sent back to them for 
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correction.  Data is normally sent via the fishing company’s office – the time scale for receiving 

catch-effort data will vary depending on the vessel and type of fishing trip.  Postal returns can 

be very slow to arrive due to reductions in the New Zealand postal service’s collection and 

delivery services.  Manual transactions are priced more expensively than electronic ones which 

should drive more fishers to using electronic services. 

FishServe can compare their devolved services data for discrepancies.  For example, fishers 

must land to a Licensed Fish Receiver (LFR) – LFR’s submit returns (LFRR) as do fishers 

(Monthly Harvest Returns, MHR).  In some cases, the MHR can be compared to LFRR – this is 

not always possible since MHR are recorded by stock whereas LFRR are recorded by species. 

As part of the Fisheries Act anybody can pay for a subscription to an individual fishers’ data.  

The first 3 quarters will be reported at quarter level whilst the 4th quarter will be available on a 

monthly basis.  This is not always popular with fishers. 

 
Figure 86 New Zealand statistical areas 
(http://clementgroup.co.nz/clement/atlas/content_nzfsa.html) 

There is a recognition from the fishing industry that data is vital to making good fisheries 

management decisions however they don’t necessarily believe that only the government should 

be collecting it.  Some sectors of the industry will keep their own finer-scale logbooks 

alongside the statutory MPI returns.  For example MPI will require fishers to state which 

statistical area they were fishing in (see Figure 86) whilst the Rock Lobster industry council will 

split area 018 into 20 separate slices and calculate Catch-per-unit-effort (CPUE) for these 
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slices.  Industry funded stock assessment scientists can then take this data to assessment 

groups and provide more evidence than government contracted scientists. 

 

9.5.5. Summary 

New Zealand is generally considered to have well-managed fisheries, with the QMS 

acknowledged to be generally effective.  A notable feature of their systems is the contracting 

out or devolving of services from government.  In theory this could lead to a highly fragmented 

system but in practice most of the responsibilities end up with NIWA (for science) and 

FishServe (for commercial fisheries).  Another feature is the intricate involvement of fishing 

industry bodies in all elements of the management process.  In other areas studied scientists 

were either employed by government or universities, however in New Zealand industry 

funded science makes an important third pillar. 

9.6. Discussion 

It has been demonstrated that both the Canadian and America fishery data management 

landscapes are strongly regional in nature.  In the USA the increased autonomy of states as 

compared to Canadian provinces has led to a very complicated system.  Unlike Ireland it has 

been seen that in both countries scientists employed by the federal body will generally have 

free access to the commercial fisheries and VMS data they require.  In both countries this is 

seen as an essential requirement in doing their job and is also enacted in legislation. 

Having the same organisation responsible for the scientific, management and enforcement has 

also led to easier access to the essential fisheries data since there are not the sort of inter-

organisation issues operating in Ireland.  In Ireland there is also a perception that mixing an 

impartial scientific role with enforcement functions will lead to a lack of industry cooperation 

but this does not seem to have happened in North America.  Sometimes this cooperation 

must be enforced though - for example in the US observer programmes participation is usually 

mandatory and any violence against observers is punished with strict penalties.  In Canada the 

observers actually function both as scientists and compliance officers. 

Merging the existing Irish fishery science, management, and enforcement bodies into a single 

organisation would be complicated and expensive – it would also have impacts that are outside 

the scope of this report and potentially be undesirable for some of the stake-holders.  An 

alternative approach is shown by the ACCSP which is able to collect, process, and aggregate 

commercial fisheries data from a number of stake-holders in a secure manner.  In this case 

there is no binding legislation underpinning the organisation but it instead relies on Memoranda 

of Understanding between the parties – the on-going governance of the organisation is then 

based on committees with representation from all partners.  If translated into the Irish system 
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this could take the form of a Memorandum of Understanding between the Department of 

Agriculture, Food, and the Marine (DAFM), Sea Fisheries Protection Authority (SFPA), Marine 

Institute (MI), Bord Iascaigh Mhara (BIM), and the Irish Navy in respect of the Fisheries 

Monitoring Centre to create a data warehouse of the essential fisheries information that each 

party already collects.  The database created could then be freely used internally by the 5 

parties – release of the data externally would be governed by existing laws such as the Data 

Collection Framework and Data Protection Acts.  The database could either be developed and 

housed within one of the parties or externally– the important point is that wherever it is 

based the parties would have free access to it and would be represented on any management 

committee.  This “Joint Irish Fisheries Data Hub” could be an integrated data warehouse with 

the different sources of data linked meaningfully to each other, or it could be simply be a copy 

of each organisations fisheries database.  It would be most useful if the Joint Irish Fisheries 

Data Hub was updated on a real-time, daily, or weekly basis rather than on longer time-scales. 

As shown by the ACCSP it is perfectly feasible to run a secure consolidated database process 

that maintains the original ownership of the data whilst making it available to the correct 

people.  Implementing this model would allow the fisheries scientists in Ireland to operate in 

the same way as those in North America. 

Further investigation of the feasibility, costs and benefits of a “Joint Irish Fisheries Data Hub” 

based on a data sharing Memorandum of Understanding should be pursued. 

The Australian and New Zealand fishing sectors have many things in common:  they are 

situated in the same broad area of the world;  they both have large, diverse but relatively low 

productivity EEZs (see Figure 87);  they both have a large amount of recreational fishing 

activity;  they both have indigenous populations who have traditional fishing practices; they 

both have a commitment to managing their fisheries well and see this as a strong marketing 

asset.   

However there are important differences between them as well: Australia has a federal 

governance structure which leads to fisheries management being divided between the 

Commonwealth and state governments; New Zealand has a more extensive tradeable quota 

system; and the fishing industry in New Zealand is intricately involved in the fisheries 

management, and data collection and management processes. 
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Figure 87 FAO estimated capture data by vessel flag state, and size of EEZ for top 10 countries by 
catch and selected others 

The scope of the remainder of the discussion will be limited to fisheries data rather than 

fisheries management in general.  Similar to Ireland, both Australia and New Zealand have a 

number of bodies who collect and manage fisheries data.  In neither antipodean country is the 

full range of fisheries data collected available in a single place to use for scientific assessment or 

research.  In Australia the federal/state division adds complexity since the different jurisdictions 

collect and manage their own data so it is held by a number of different organisations. 

 

9.6.1. Fishery dependent data 

 Catch-effort: Fishing logbooks are used for recording catch-effort data in both 

countries – although electronic versions of these system are used the majority of 

fishers submit using paper systems.  Some sectors of the New Zealand fishing industry 

also keep their own finer scale logbooks. 

 VMS: Australian commonwealth fisheries can require VMS to be installed and this data 

can be made available for scientific use -  in NSW VMS was not used.  In New Zealand 

VMS data is seen as a compliance tool and not normally used for scientific research. 

 Observer: Australia and New Zealand both operate observer programmes for 

scientific and compliance purposes.  In New Zealand the scientific data from the 

Observer programme is held by NIWA, partly for historical reasons.  AFMA’s 

observer data is made available to CSIRO for the purposes of stock assessment.  

Australian state observer data is held by the different state organisations.  Australia 

have implemented electronic monitoring in some Commonwealth fisheries whilst New 
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Zealand is planning a pilot project – in both countries it was felt that data legislation 

had not kept pace with the technological developments. 

 Port sampling: AFMA collect port sampling data for some fisheries and this data will be 

made available for stock assessment.  States can also run their own port sampling 

programmes.  NIWA collect and store New Zealand port sampling data. 

 Sales Notes: Sales Notes data (also known as dealer data) is not routinely collected in 

Australia.  In New Zealand FishServe collect Licensed Fish Receiver Returns and these 

can be used to verify landing returns. 

 

9.6.2. Fishery independent data 

CSIRO conduct fishery independent surveys and their Marlin metadata database is available on 

the web 23.  State fishery agencies can also conduct their own surveys.  In New Zealand most 

survey work is undertaken by NIWA – other entities can also tender for state research 

contracts and the survey data must then be passed to NIWA for storage. 

 

9.6.3. Economic data 

In Australia ABARES carry out surveys to collect economic data from fishers – ABS also 

collect employment information during censuses.  It was noted that more accurate data on the 

value of fish exports is available than for fish used domestically.   

Statistics New Zealand (SNZ) collects data on the value of fisheries  - the industry organisation 

Seafood New Zealand also produces economic analyses based on the SNZ data 24.  Economic 

data on the costs, and therefore the profitability, of New Zealand fisheries doesn’t seem to be 

collected. 

 

9.6.4. Public data 

When Australian fishing data is made public it must be aggregated such that each point 

contains data from at least 5 different vessels.  In New Zealand a similar aggregation process is 

used except that each point must contain data from at least 3 different commercial entities. 

 

9.6.5. Comparison 

Ireland requires vessels over 10 meters in length to submit logbooks – vessels over 15m will 

do this electronically whilst most vessels 10-15 meters length will use paper logbooks.  Vessel 

level logbooks for catch-effort data for vessels under 10m are not generally kept, instead 

summary landing data is recorded at port level.  Most vessels over 12m must have a VMS 

                                                 

23 http://www.marlin.csiro.au/geonetwork/srv/eng/search 
24 http://www.seafoodnewzealand.org.nz/publications/export-information/ 
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system.  The Marine Institute currently receives a weekly extract of logbooks data and an 

annual extract of VMS data.  Whilst the system is not perfect there doesn’t seem to be any 

specific improvements which could be transplanted from New Zealand or Australia. 

The Marine Institute also has full access to its port sampling, observer discard trips, and survey 

data.  Sales Notes data has now started to be used for vessels under 10 m in length since it is 

the only vessel-level data that is available. 

During previous JUTJUD project meetings with NUIG Socio-Economic Marine Research Unit 

(SEMRU)25 it was pointed out that the problem with Irish fisheries economic data is twofold; 

firstly what economic data exists is not freely available and secondly, the data is not of a high 

enough standard to be useful for quality economic research.  ABARES does seem to be better 

at collecting economic data so this is an area that Ireland can learn from. 

Relationships between the Australian Commonwealth bodies seem to be warm which 

encourages fruitful collaboration.  There is also collaboration between state and 

Commonwealth agencies although perhaps this is less comprehensive – the FRDC funded 

“Status of Australian Fisheries” is a good example of national collaboration.   A greater spirit of 

cooperation and openness between different organisations would benefit Ireland. 

In New Zealand the MPI contracts other bodies to do specific work and since this is the case 

they will generally have access to the data they require to do that work.  Scientists won’t 

generally have access to this data unless they are working on approved projects or 

assessments though.  There can also be a division between the data that government 

contracted scientists and industry contracted scientists are able to use. 

 

9.7. Conclusion 

Fisheries data management systems and processes were examined in a number of countries.  

Whilst many of these countries face similar challenges to Ireland in the sharing and subsequent 

scientific use of this data there were some interesting examples of co-operation, particularly 

the ACCSP in the USA and the “Status of Australian Fish Stocks” report. 

                                                 

25 http://www.nuigalway.ie/semru/ 
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10. CONCLUSION  

The Joined Up Thinking from Joined Up Data project was completed successfully and fulfilled 

its over-riding aim of improving how fisheries data is managed and used at the Marine Institute.  

As would be expected of a long (seven year) project it goals have evolved from the initial 

project as proposed. The initial project plan assumed that a particular technical solution (the 

Integrated Data Repository, or IDR) would be implemented at the Fisheries Ecosystem 

Advisory Services (FEAS) directorate in the Marine Institute.  Some of the Work Packages 

were then designed with the aim of adding features to this system.  During the project lifetime, 

it became clear that the IDR was not a suitable system for FEAS and work was halted.  The 

scope of the project was reviewed and work re-focused on improving the existing database 

systems and expanding data management and analysis capacity within FEAS.  The relevant 

Work Packages were re-written as part of this review. 

As previously mentioned the project was designed as a technical solution to a technical 

problem however most of the challenges encountered were technical per se.  Many occurred 

due to a combination of legal, procedural and operational difficulties that arose when data was 

collected, managed, shared and used by different organisations.  Thus the visits to international 

organisations that were arranged as part of this project were not to study technical details of 

database systems but actually to talk to the people involved in the data-sharing organisations 

and discover how the non-technical procedures worked. 

10.1. Outputs 

 The project interim reports were produced on time. 

 Regular progress meetings were held.  Experts external to the MI and UCC 

participated in these meetings when it was useful. 

 Financial reports were produced on time. 

 The relevant outputs from the Communication and Dissemination Plan were 

completed. 

 This report includes the following deliverables: 

o Literature Review and Scoping Study. 

o Critical review of key FEAS datasets, metadata and associated data models. 

o Review and recommendations for processing, storing and using data collected 

by sampling methods. 

o Report on external fisheries datasets and associated data models. 

o Document procedure for acquiring external fisheries datasets. 
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o Report documenting the developed ontologies and controlled vocabularies for 

FEAS fisheries datasets “FEAS_Consolidated” 

 The MI commercial port sampling application (Stockman) was re-designed and re-

written.  This included the following deliverables: 

o User requirements report. 

o A new version of Stockman which is integrated with other fisheries data. 

o Documentation of the new Stockman 

o A reporting/data extraction environment for data recorded in the new 

Stockman. 

 The MI Data Strategy is currently being developed by cross-department steering and 

working groups.  The post-doctoral researcher is a member or chair of a number of 

these groups.  The first draft of the Data Strategy is due to be signed-off by the MI 

board before the end of 2016. 

 One journal article has been produced so far (P. L. Connolly and L. Caffrey, “Supply 

chaining fishery advice,” ICES J. Mar. Sci., vol. 68, no. 8, pp. 1706–1711, Sep. 2011) 

whilst another is in development with an expected completion date before the end of 

2016.  

 Presentations have been made at a number of conferences, workshops, and meetings, 

both within Ireland and internationally.  

 The post-doctoral researcher was a member of ICES working groups including the 

Data and Information Group, and the Regional Database Steering Committee. 

10.2. Future Research 

There is the potential to build on this work to design a novel data analytics pipeline to support 

fisheries ecosystem management - Figure 88 shows a potential high-level design  With 

advances in data gathering methods, there is a significant opportunity to leverage the power of 

data analytics to provide decision support to obtain sustainable exploitation of fisheries 

resources, while at the same time ensuring long-term sustainability and preservation of stocks. 

There are two key types of fisheries data that can be used to support policy analysis: 

transversal, which is data on catch value and volume, including landings, fishing effort and fleet 

capacity; and biological – which includes survey data, fishery dependent and fishery 

independent data on variables such as the number, length, weight, sex and age of fish species in 

a given location. A novel data analytics pipeline will contribute scientific advances across a 

number of related areas. First, it will produce a fully validated machine learning system to 

perform prediction analysis on key output variables. Second, based on stakeholder and systems 

analysis, it will generate an interactive policy simulator, with economic, fisheries and fleet data, 
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to support dynamic analysis of fisheries policies. Third, it will architect a novel ontology to 

maximise integration of a wide range of fisheries data – see Figure 89. 

 
Figure 88 Proposed Project Architecture 

 

 
Figure 89 Novel Ontology Architecture 

10.3. Impacts and Outcomes 

 Data management improvement has increased the efficiency of the MI FEAS 

directorate in processing its data. 

 A collaboration was created between the post-doctoral researcher and the NUI 

Galway IT department.  An SFI Investigators Award application was made in 2015 – 

this was ultimately unsuccessfully but did release €25,000 seed-corn funding to help 

with future Horizon2020 applications. 
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 The project has contributed to policy by supporting the MI in their service delivery to 

DAFM. 

 This project directly contributed to Ireland’s ability to fulfil its Data Collection 

Framework  (DCF) responsibilities. 

 The majority of the MI FEAS datasets have been enhanced during the project.  These 

are all used for both scientific research and fulfilment of Ireland’s DCF responsibilities. 

 The project had a significant contribution to improving the MIs’ scientific staff in key 

data management skills such as database development and writing SQL.  To facilitate 

this it was also necessary to create an IT infrastructure (both on land and at sea) which 

would allow data management to become a process rather than a series of ad-hoc 

activities. 

 The FEAS group now contains a number of scientists who have the technical skills to 

create, develop and maintain complex data manipulation routines using SQL and R – 

data management is no longer the sole preserve of the IT department. 
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