
ICES Journal of Marine Science , 2026, Vol. 83, Issue 5, fsag085 
https://doi.org/10.1093/icesjms/fsag085 

Review Article 

A history of data management at ICES (1902–2025) 

David Currie 

1 , * , Ingeborg de Boois 

2 , Talya ten Brink 

3 , Neil Holdsworth 

4 , Jens Rasmussen 

5 , 

Lesley Rickards 

6 , Helge Sagen 

7 , Malin Werner 8 

1 Fisheries Ecosystems Advisory Services , Marine Institute, Rinville,Oranmore,H91 R673,Ireland 
2 Wageningen Marine Research, Wageningen University & Research, PO Box 68,1970 ABIJmuiden,Netherlands 
3 Department of Marine Affairs, University of Rhode Island, Coastal Institute, 1 Greenhouse Road, Suite 205, Kingston, Rhode Island 02881-2020, United States 
4 Data, International Council for the Exploration of the Sea (ICES), H. C. Andersens Boulevard 44-46, Copenhagen, 1553 V, Denmark 
5 Marine Directorate, Scottish Government, Marine Laboratory, 375 Victoria Road,Aberdeen,AB11 9DB,United Kingdom 

6 British Oceanographic Data Centre (BODC), National Oceanography Centre (NOC), 6 Brownlow Street,Liverpool,L3 5DA,United Kingdom 

7 HI Digital - Norwegian Marine Data Centre, Institute of Marine Research, Po box 1870, Nordnes, 5817 Bergen, Norway 
8 Department of Aquatic Resources, Swedish University of Agricultural Sciences, Turistgatan 5,Lysekil,453 30,Sweden 
∗Corresponding author. Fisheries Ecosystems Advisory Services, Marine Institute, Rinville, Oranmore, Co Galway, H91 R673, Ireland. 

Email: david.currie@marine.ie 

Abstract 

Data are essential for assessing the state of seas and oceans as well as for providing feedback on the effects of conservation 

and management measures. The management of marine data (including its submission, collation, storage, publication, and 

preservation) has been a key interest of the International Council for the Exploration of the Sea (ICES), since its foundation. 

This paper tells the story of ICES data management throughout the period 1902–2025—this includes changes and development 

in some key topics such as data collection platforms and techniques; data groups and data governance within ICES; metadata 

and data standards; data storage and distribution; and data rescue. The changes in data management are analysed through 

the lens of the five V’s: volume, variety, velocity, veracity, and value. It shows that the volume and variety have increased signif- 

icantly, and some aspects of the velocity have increased. Checks of data veracity have become more automated, transparent, 

and documented over time. ICES data have always been of value to its users but the number of secondary uses of the data 

have also increased. It also demonstrates that ICES data more clearly reflects the FAIR (Findable, Accessible, Interoperable, 

and Reusable) principles over time. It discusses how ICES is approaching the ongoing challenges and opportunities of the 21st 

century in the spirit of international cooperation and collaboration. 

Keywords data management, FAIR, data governance, data rescue 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ration stage centres around maintaining, preserving, and adding 

value to research data, including the addition and maintenance 

of metadata. The basic aim of metadata is to answer the ques- 

tions: Who?, What?, Where?, When?, Why?, and How? Data pub- 

lishing has been a strength of ICES since its foundation as it recog- 

nised the importance of making data publicly available. Data must 

often be transformed, colla t ed, and analysed—this happens dur- 

ing the processing stage. Typically data are collected for a spe- 

cific initial purpose but it can also have value as evidence in many 

other studies, some of which won’t have been foreseen when 

the data were initially collected. Making data available in interna- 

tional repositories means that it is more likely to be reused in the 

future. 

Since ICES is an intergovernmental marine science organisa- 

tion and does not directly collect data itself the focus of this pa- 

per is on the steps of managing data after it has been collected. 

However ICES does have an important role with respect to co- 

ordinating data collection. Examples include the ICES Interna- 
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Introduction 

This paper tells the story of data management at the Interna-

tional Council for the Exploration of the Sea (ICES) through-

out its life-time—this includes changes and development in

some key topics such as data collection platforms and tech-

niques; data groups and data governance within ICES; meta-

data and data standards; data storage and distribution; and data

rescue. 

A research data life cycle (RDLC) defines the different phases

that research data goes through and the associated data manage-

ment requirements. There isn’t a single definition of the RDLC al-

though the differ ent versions have much in common. (Beja et al.

2022 ) present a 5-stage RDLC consisting of (i) acquisition; (ii) cura-

tion; (iii) publishing; (iv) processing; and (v) use/reuse. Data acqui-

sition is the collection of data—as well as physical measurements

and/or collection of specimens and data it also incorporates the

design and analysis of a data collection programme. The data cu-
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Figure 1. Timeline of data management at ICES (IGY = International Geophysical year, CTD = Conductivity Temperature Depth, GODAR = Global Ocean 

Data Archaeology and Rescue, FAIR = Findable, Accessible, Interoperable, and Reusable, INSPIRE = An EU Directive to establishing an infrastructure for 

spatial information in Europe). 
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ional Bottom Trawl Survey Working Group (IBTSWG) who coordi-

ate fishery-independent bottom trawl surveys in the ICES Area

Northeast Atlantic and North Sea); and the ICES Working Group

n Commercial Catches (WGCATCH) who document national fish-

ry sampling schemes, and establish best practices and guidelines

n sampling and estimation procedures using fishery data. As well

s a coordination role ICES also has a networking role in terms

f bringing people together to discuss the latest developments.

his can be done via different fora including sessions at the An-

ual Science Conference, or workshops (e.g. the ICES Workshop

n Technical Development to Support Fisheries Data Collection,

KSEATEC, ICES 2017 ). The current ICES Science Plan (ICES 2022d )

dentifies a number of priority tasks directly related to data collec-

ion. These include developing and coordinating monitoring pro-

rammes; developing and coordinating mapping of habitats; eval-

ating and optimising survey design and data handling; analysing

nd testing techniques and sensors; developing environmental

onitoring; identifying opportunities for stakeholders to partici-

ate in citizen science; and developing data collection approaches

or social and economic data. 

Whilst this paper does not aim to present a comprehensive his-

ory of ICES, some historical context is necessary to understand

he motivation for many of the changes in data management that

ave occurred throughout its lifetime. For a fuller consideration of

he history of ICES there are a number of excellent volumes avail-

ble including ‘ The sea knows no boundaries—a century of marine
cience under ICES ’ (Rozwadowski 2002 ), ‘ Seventy years agrow-
ng’ (Went 1972 ), ‘ The evolution of ICES’ (Griffith et al. 2003 ), the

apers from the ‘ 100 Years of Science under ICES’ symposium (ICES

002 ), and the Jens Smed archive (Smed 2016 ). The science of the

ea is generally now known as oceanography but ICES tended to

se the term ‘hydrography’ throughout most of the 20th century—

n this paper, we will use ‘oceanography’ unless directly quoting

ames or text. 
A history of data management at 

ICES 

In this paper, we divide the history of data management at ICES

into four distinct periods—see Fig. 1 . 

1902–49: a strong start during turbulent 

times 

The constitutive conference of the ICES met in Copenhagen on 22

July 1902. Eight countries sent representatives to the inaugural

meeting: Denmark, Finland, Germany, Great Britain, the Nether-

lands, Norway, Russia, and Sweden (ICES 1903 ). ICES was in-

tended to encourage collaboration across national boundaries in

order to produce science that would mitigate shared problems

and allow maximum use of natural resources. World War I chal-

lenged the existence of ICES, but it survived and celebrated its

twenty-fifth jubilee in 1927. Later in the century, the Second World

War again suspended progress but the maturity that ICES had

gained in the 1920s allowed it to navigate the period more effec-

tively than the First World War (Rozwadowski 2002 ). 

The original research interests of ICES were in both the physi-

cal conditions of the sea and the biological organisms that lived

within it (particularly those that were used for human consump-

tion). It was stated that even if the ICES work programmes for

these subjects might be drawn up separately for practical reasons

they should not be considered independently of each other since

their interactions were of importance to solving problems (ICES

1903 ). The core of the original ICES oceanography programme

consisted of a series of quarterly cruises designed to make obser-

vations in every season, year after year—this programme began

one month after the ICES constitutional meeting of 1902. Although
not all of the member countries had a dedicated research vessel at 
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Figure 2. Examples of research ships used in early cruises coordinated by ICES. (a) The Danish Research trawler Thor (1903–27). Thor was a steam 

trawler, built in Newcastle upon Tyne 1899 and used for oceanographic research in the Atlantic and Mediterranean Oceans in the years 1903–27. 

https://en.wikipedia.org/wiki/Thor_(1898). (b) The Swedish Research vessel R/V Skagerrak (1903–35) built in Gothenburg and used in research by the 

Swedish Hydrographical-Biological Commission. Photo with permission from Centre for Environment, Fisheries and Aquaculture Science (CEFAS) Crown 

Copyright. 
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this point, most sent out a ship to begin making temperature and

salinity measurements. Seven specially designed research vessels

(see Fig. 2 for the Danish and Swedish research vessels), and ten

other ships were used during the first year of surveys (ICES 1903 ,

Rozwadowski 2002 ). See also Box 1: ‘A tale of four Scotias’ for an

example of how research vessels at one laboratory have changed

over the last 100 years. Researchers would collect samples using

nets, buckets, and other traditional equipment to gather biolog-

ical, chemical, and physical data from the ocean. Data collection

often included visual observations of marine fauna and weather

conditions—this was typically recorded manually in logbooks or

on paper forms. 

Box 1 A tale of four Scotias 

The development of research vessels during the lifetime of 

ICES can be illustrated by the tale of the four Scotias (Hawkins 

1998 ). The Marine Laboratory, Aberdeen, currently has a re- 

search vessel named Scotia. She is the fourth research vessel 

to be given this name—see Fig. 3 

Figure 3. The four Scotias. (a) First Scotia, 1902–05. (b) Second 

Scotia, 1948–71. (c) Third Scotia, 1971–98. Fourth Scotia, 1988-. 

 

Photos used under crown copyright from the Marine Directorate, 

Scottish Government. 

. Spanning over a century, these vessels have had a dis- 

tinguished history of exploration and scientific achievement. 

The three Scotias operated by the Marine Laboratory have 

collected much data over their lifetimes. Close links have al- 

ways been maintained with ICES and much of the data col- 

lected by these vessels has been provided to ICES in a timely 

manner. 

The first Scotia, 1902–05, was a wooden sailing ship which 

took part in the Scottish National Antarctic Expedition of 

1902–04, to the Southern Ocean. The second Scotia, 1948–

71, was a 150-foot ex-Admiralty Shakespearean class trawler, 

a coal burner (later converted to oil), powered by a steam 

engine. She was acquired as a ‘hydrographic -plankton re- 

search vessel’. Data were recorded manually. The third Sco- 

tia (1971–98) was a purpose-built 224 feet diesel-electric 

trawler, with the use of a hydraulic crane—latterly her posi- 

tion was determined by the global positioning system (GPS). 

Data collection began to be digitised. The fourth Scotia (1988- 

) is a multi-purpose, 70 metre, diesel electric vessel com- 

bining the essential features of a modern oceanographic re- 

search ship with those of a top-line pelagic and demersal 

trawler. 

Data is essential for assessing the state of seas and oceans and

the publication and distribution of data was an essential func-

tion of ICES from its foundation. ICES published data in the Bul-
letin Hydrographique annually from 1902 to 1956 ( Fig. 4 )—this in-

cluded data from stations in the North Sea, Baltic Sea, and the

Northeast Atlantic, including waters around Greenland. The re-

ports of the Atlantic Slope Committee, published during the 1920s

and 1930s, also contain fisheries and oceanographic data for the

continental shelf and deep water areas to the south and west

of the UK, Ireland, France, Spain, and Portugal (Dooley 1992 ).

ICES also published fishery catch statistics in annual volumes

of the Bulletin Statistique des Pêches Maritimes (renamed ICES

Fisheries Statistics in 1988; the series has since been discontin-

ued) (Lassen et al. 2012 ). The first volume of the Bulletin Statis-
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Figure 4. Oceanographic data published by ICES in the Bulletin Hydrographique, 1908–09, (a) title page and (b) examples of data. Photos by David Currie. 
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ique presented data for 1903 (ICES 1906 ). At the time of writing

he volumes of Bulletin Hydrographique have not yet been digi-

ised and are only available in physical format however much of

he data from this source was later supplied to ICES on punch

ards due to a data exchange arrangement with the US National

ceanographic Data Center (US NODC) (ICES 1966b ). The reports

f the Atlantic Slope Committee are in the process of being digi-

ised and made publicly available. The data from the Bulletin
tatistique des Pêches Maritimes has been digitised and published

ICES 2024b , 2024 c). 

As the amount of oceanographic data sent to ICES by its mem-

er countries accumulated it became clear that it would be useful

o have an index of it arranged geographically. In the mid-1930s

CES agreed to an initiative of its then Administrative Secretary,

dr Nellemose, to create a Central Card Index of all surface and

rofile oceanographic data that had been published in Bulletin Hy-
rographique . Data from other ICES publications, such as the At-

antic Slope Committee reports and some national data were also

ndexed. Two types of cards were used in the index: ‘Surface cards’,

or surface observations only; and ‘Station cards’, for observations

t a series of depths at stations. The cards were arranged by 1◦

quares. The index was continued up to 1956, and for the years

932–56 the Bulletin Hydrographique was based on it. This index

as stopped in 1956 along with the cessation of the publication of

he Bulletin Hydrographique because there was too much mate-

ial being produced each year for the Service Hydrographique to

andle. At the end, there were almost 200 000 cards which were

rranged by position, year, and month. It provided an analogue

atabase of oceanographic data and formed the basis of a large

umber of scientific publications and products. (Smed 1948 ; ‘ The
CES Service Hydrographique, its Development as a Regional Data
enter and its Relation to the World Data Centres’ : ICES 1966a , Doo-

ey 1992 ). 

The collation, management, and publication of oceanographic

ata by the ICES ‘ Service Hydrographique’ was seen as a notable

chievement. The data it managed represented the vast major-

ty of the research data being collected in the North Atlantic, and

t was producing pioneering scientific outputs. These years have

een described as its ‘ halcyon days’ [Annex 5: (ICES 2001 )] and
it was considered the premier oceanographic data centre in the

world (Rozwadowski 2002 ). 

1950-60s: mechanisation of data 

management 

This period saw significant and long-lasting changes both in the

overall activities of ICES and in its approach to managing data. In

particular, an increase in the volume of data being submitted trig-

gered improvements in data handling. 

During the 1930s, ICES had been actively discussing the prob-

lem of overfishing. This work came to a head in the International

Convention for the Regulation of the Meshes of Fishing Nets and

Size Limits for Fish in 1937—however, this convention was not fully

ratified due to the outbreak of World War II. In 1946, it was replaced

by the more comprehensive International Fisheries Convention.

In 1953, the ‘Permanent Commission’ was formed—this was the

administrative body empowered to execute the measures in the

Convention. (The 1946 Convention and its Permanent Commis-

sion were replaced by the North–East Atlantic Fisheries Conven-

tion and its Commission, NEAFC, in 1963.) The Permanent Com-

mission was not itself a scientific organisation but was instead re-

liant upon ICES for scientific advice—this set into motion a series

of events which significantly impacted ICES. In particular, the is-

suing of scientific advice would become more and more impor-

tant to ICES during the following decades (Griffith 2002 ). One of

these key changes was the concept of the ‘working group’, which

is still a feature of ICES activities. A ‘working group’ was a group

of experts formed to solve specific problems. Unlike ICES commit-

tees, which had an open-ended existence, working groups were

disbanded once they were no longer needed. The working group

is still an important feature of ICES—currently working groups op-

erate over several years and either have annual or multi-annual

terms of reference (ICES 2021 ). The expansion of ICES’ advisory

functions and the creation of its working group system also led to

impacts in data management. For example, in 1955, the duty of

the ICES Liaison Committee was described as the collection of in-

formation and statistics for the use of the Permanent Commission.

ICES also worked to speed up reporting of national catch and effort
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Figure 5. ICES Manual on punch cards containing oceanographic data 

from 1979, including example cards. Photo by David Currie. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/83/5/fsag085/8695910 by guest on 13 July 2026
statistics. A problem was observed where scientists could be reluc-

tant to share their data with a working group before they had pub-

lished their own scientific papers based on it. However, the rising

importance of ICES advice led to the chairs of working groups be-

ing given the authority to insist that data were provided in a timely

manner (p183, Rozwadowski 2002 ). 

Improvements in the coverage of fisheries in international

statistics took place after 1945, with the Food and Agriculture

Organization (FAO—an agency of the United Nations) taking the

lead in this development. The development was institutionalized

through the establishment of the Coordinating Working Party on

Atlantic Fishery Statistics (CWP) in 1960 (FAO 1995 , 2026 ). Since

1950, it has been assumed that all countries that were fishing in

the Northeast Atlantic have reported to ICES or to FAO, and that

these data covered the entire fishery in FAO Major Fishing Area 27

for species of major importance. 

Large-scale expeditions with their commensurate increase in

data volumes prompted a need to change the data handling pro-

cess at ICES, particularly the International Geophysical Year 1957–

8 Polar Front Survey. Advances in data collection techniques had

continued to be made and the development of sonar technol-

ogy in the mid-20th century allowed for more accurate mapping

of the seafloor and identification of fish schools. Echo sounding

also provided critical information about water depth and sub-

strate type. The introduction of Niskin bottles for collecting water

samples at various depths, along with reversing thermometers im-

proved the ability to gather physical and chemical oceanographic

data. The introduction of sensors with Conductivity-Temperature-

Depth (CTD) instruments, increased the resolution in the water

column significantly improving further the physical and chemical

oceanographic data. 

To support these larger volumes of data, a new technology

for processing and storing the data was required: the punch card

(which encodes data using the presence or absences of holes in

the card). In 1957 the Sub-Committee for Mechanizing the Index

of Hydrographic Data held by the Council was constituted. Its first

objective was to ensure that oceanographic data received by ICES

was either in punch card format, or could be easily transferred to

punch cards. Before introducing ICES punch cards a survey of the

formats in use at other organisations was made—it was decided

to make the ICES format compatible, as far as possible, with that

of the US Navy Hydrographic Office. The lCES system was adopted

by the Council in 1958 and was later published as a manual (see

Fig. 5 ). The manual was widely distributed to marine institutions

all over the world, and they were urged to use the lCES system,

as a common format would greatly facilitate exchange of data. Al-

though submitters could still deliver their data using formats other

than punch cards, they were then charged a fee to cover the cost

of ICES having to create punch cards from their data. (‘ The ICES
Service Hydrographique, its Development as a Regional Data Cen-
ter and its Relation to the World Data Centres’ : ICES 1966a , Levi-

tus 2012 ). Punch cards sped up data submission since there was

no need for manual transcription—data publications could also

be directly prepared from them. International data sharing was fa-

cilitated by sending copies of the cards to other data centres. (Al-

though punch cards were introduced for oceanographic data, fish-

eries statistics and biological data continued to be submitted on

paper.) 

From 1957, ICES published oceanographic data in a series called

ICES Oceanographic Data Lists (IODL), but this publication sur-
vived only six years because of the diminishing interest of the sci-

entific community in using printed data lists. In 1967, the Intergov-

ernmental Oceanographic Commission (IOC) introduced the first

edition of a cruise inventory called ‘Report on Scientific Cruises

and Oceanographic Programmes’ (ROSCOP), which has subse-

quently passed through multiple revisions and is now called the

Cruise Summary Report (CSR). ICES took on the task of coordi-

nating the return of completed forms from its member countries,

and published edited versions of them in the successor to the IODL

series—the ICES Oceanographic Data Lists and Inventories (IODLI).

These were published in manuscript until 1975, and then in mi-

crofiche form until 1983. The handling of these forms was further

streamlined in 1984 by their digitisation (Dooley 1992 ) . 
During this period, the World Data Center (WDC) system was

formed under the auspices of International Council for Scien-

tific Unions (ICSU, now International Science Council (ISC)) to

archive and distribute data collected from the International Geo-

physical Year, IGY (Korsmo 2010 ), and ICES provided a model

for how these new World Data Centers would handle oceano-

graphic data (p4, Rozwadowski 2002 ). During the 1960s countries

also began establishing formal National Oceanographic Data Cen-

ters (NODCs) to archive ocean data and provide services (Levitus

2012 ). These were formed under the Intergovernmental Oceano-

graphic Commission’s International Oceanographic Data and In-

formation Exchange (IODE) programme, which was established in

1961. 

In 1967, worries were expressed about the proliferation of new

types of data management technology, and the organisations in-

volved. In particular, the ICES Sub-Committee on Automated Data
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rocessing noted their concerns that the increase in marine data

enerated by automated collection systems was leading to prob-

ems in processing, storing, and finding that data. Complications

ere also occurring due to the number of new oceanographic

nstitutes and the emergence of the NODCs. These facts meant

hat costs were rising and that technical problems were becom-

ng more difficult to solve (ICES 1967 ). The group recommended

hat it be reconstituted as the Working Group on the Development

f Marine Data Systems with the following terms of reference: ‘ To
ct as the advisory body to the Committee as to how it can best use
odern computer technology as a tool in the scientific interpreta-

ion of the oceanographic data collected by the member countries
f ICES both on a unilateral and multilateral basis’ . 

Another change occurred at the Service Hydrographique in

968. Up until this point, ICES had taken responsibility for quality

ontrol of the oceanographic data. The high level of quality control

pplied had increased the esteem that its data were held in, along-

ide ICES’ experience managing and publishing data (Rozwad-

wski 2002 ). After 1968, the responsibility for data quality was left

o national institutes and ICES instead concentrated on analysing

he data and publishing it. 

970–90s: the data explosion and the 

awn of digitisation 

uring this period the variety of data that ICES was managing in-

reased as ‘environmental data’ increased in prominence. (In the

CES context ‘environmental data’ initially referred to data about

hysical and chemical pollutants in the marine environment—

ore types of data, such as fish diseases, would also be classified

s ‘environmental’ in later years.) The importance of ICES’ advi-

ory activities also continued to increase as more regional com-

issions requested advice from ICES, including the International

altic Sea Fishery Commission (IBSFC) and the North Atlantic

almon Conservation Organization (NASCO). The Commission of

he European Communities (now called the European Commis-

ion) also began requesting fisheries advice from ICES in the 1980s

Griffith 2002 ). The volume of data was also still increasing and

eing seen as a challenge. Significant technical changes occurred

s ICES progressed from punch cards, to data being digitised and

tored on computers, and then being published on the World Wide

eb. 

In 1970, the Working Group on the Development of Marine

ata Systems changed its name to the Working Group on Marine

ata Management. Its terms of reference were also updated (ICES

970 ). This new working group was long-lived and existed until

007. Some notable achievements during this time include: 

� Consideration of new formats including the ICES ‘blueprint’ to

provide more flexibility. They also collaborated with IOC-IODE

on this topic. 
� Collaboration with the World Data Service for Oceanography

(formerly World Data Centre for Oceanography), USA, on the

Global Ocean Data Archaeology and Rescue (GODAR) project. 
� A review of data provision (temperature, salinity and nutrients)

to the Service Hydrographique by member countries was un-

dertaken (Rickards 1993 ). 
� A further collaboration with IODE was the revision of the IOC

ROSCOP form for reporting data collected on research cruises.

The result was the Cruise Summary Report (CSR), introduced
in 1990. For many years, ROSCOP/CSR forms have been an in-

tegral part of the ICES data tracking system and CSRs are still

in widespread use by NODCs and other data centres today. 
� The development of guidelines for handling differ ent data

types, many of which are still in use and regularly reviewed.

The current guidelines are available from the ICES web-

site. ( https://www.ices.dk/data/guidelines- and- policy/Pages

/ICES- data- type- guidelines.aspx ) and from the IOC Ocean

Best Practices System repository ( https://www.oceanbestpra

ctices.org/ ). 

ICES’ commitment to environmental science had begun in 1966

under the auspices of its new Fisheries Improvement Committee

(FIC). The Hydrography Committee continued to cover physical

and chemical aspects of pollution, while FIC concentrated on pol-

lution affecting fish and shellfish. In the 1970s, marine pollution

became a growing concern and in 1971 ICES created the Advisory

Committee on Marine Pollution. These events marked the begin-

ning of a new category of data at ICES—there were now three main

data streams within ICES: fisheries, oceanographic, and environ-

mental data. 

During the 1970s, the Service Hydrographique was struggling to

cope with the increasingly large volumes of data. The creation of

the NODCs had also reduced its relevance. ICES twice considered

whether to close the Service Hydrographique—although it did sur-

vive, it did so with a reduced scope. By the early 1980s, the Ser-

vice Hydrographique had effectively stopped being a data centre

(Rozwadowski 2002 , Annex 5: ICES 2001 ). 

In 1971, the ICES Statistics Committee discussed the problems

encountered in compiling and tabulating data—they agreed that

the way forward was to adopt automatic data processing facili-

ties (ICES 1971 ). The statistical data submissions used standard-

ised forms; however, the format of the submissions used by stock

assessment working groups varied, which meant they were not

suitable for automatic processing (ICES 1972a , 1972b ). Data from

the International Young Fish Survey was being submitted on pa-

per before some elements were entered on to computer (this was

done by the Ijmuiden laboratory, Netherlands, who managed the

database before it was later transferred to ICES) (ICES 1982b ). Ef-

forts were made to investigate whether statistical data could be

transcribed to punch cards before being processed on a computer

(ICES 1972b ), but later technical developments such as submitting

data on magnetic tape superseded this (ICES 1978 ). 

By 1980, the amount of marine data being collected and pro-

cessed was again causing problems—a joint session of the ICES

Hydrography and Statistics Committees was convened to ‘Con-

sider Data Handling Problems’. This discussed various approaches

to cope with the data ‘explosion’ in marine science in member

countries by means of intelligent data gathering, automated data

handling and interdisciplinary data structuring (ICES 1980 ). During

the early 1980s, data started to become digitised and this allowed

for greater storage volumes and processing capacity. In 1984, ICES

had an ND-100 mini-computer (the ‘NORD’ computer) located in

their building, and also used UNIVAC computers based in the Uni-

versity of Copenhagen, and IBM computers based in the Danish

Technical University (ICES 1984 ). The NORD computer was mainly

used to process data required by the assessment working groups

and for data entry. The UNIVAC mainframes at the University of

Copenhagen were extensively used by ICES for magnetic tape data

exchange and for holding large volumes of data, such as the fish-

https://www.ices.dk/data/guidelines-and-policy/Pages/ICES-data-type-guidelines.aspx
https://www.oceanbestpractices.org/
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Figure 6. Examples of floppy discs containing ICES data. Photo by David 

Currie. 
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eries statistics (STATLANT) and IYFS projects (ICES 1982b , 1986 ).

During the 1980s and 1990s tapes, floppy disks, and CD-ROMS

were used to store and distribute data. In particular, CD-ROMs be-

came a practical way to distribute large volumes of data (see Figs 6

and 7 for some examples). 

The three main data streams within ICES (fisheries, oceano-

graphic, and environmental data) were still treated separately.

Communication between the different disciplines was minimal,

which led to inefficiencies and duplication of effort. It w as high-

lighted that there was no oceanographic database available—

these data were still being stored using the now out-dated punch

card format. Insufficient disk space was noted as being a problem,

along with the need to convert data from tape to disk, and the

magnetic tapes were split between two different locations. Envi-

ronmental data were being submitted on paper, tape, and floppy

disk—data were stored as ASCII files, which were accessed using

an inventory master record (ICES 1990 ). 

In the late 1980s, it was identified that substantial amounts of

data existed only in manuscript, analogue, or obsolete digital for-

mats and were in danger of being lost. The ‘Global Oceanographic

Data Archaeology and Rescue’ (GODAR) project was established by

the 14th Session of the IODE Committee ( 1992 ) and the project be-

gan in 1993 (Levitus 2012 , IODE 2019 ). The goal of GODAR was to in-

crease the volume of historical oceanographic data available to re-

searchers by locating ocean profile and plankton data sets not yet

in digital form, digitising the data, and ensuring their submission

to national data centres and the World Data Center system (now

the World Data System). The project also aimed to rescue historical

oceanographic data that existed in manuscript or electronic me-
dia form that were at risk of loss due to media decay or neglect. In

the project, ‘historical’ data were defined as pre-1992. lCES took a

lead role in the project for the lCES region—they encouraged mem-

ber states to participate in the project, provided a focus for mem-

ber state’s activities, and the Working Group on Marine Data Man-

agement regularly reported on the project’s progress. It was ob-

served that for the ICES member countries around 50% of the data

rescued by the project activities had been acquired via ICES (ICES

1997 ). Data recovered through the GODAR project were submitted

to National Oceanographic Data Centres and included in outputs

such as the World Ocean Database releases (NCEI 2023 , Mishonov

et al. 2024 ). Detailed results for the increase of data provided dur-

ing GODAR were given by the US NODC (now part of the National

Centres for Environmental Information) (Levitus 2012 ). 

The 1980s and 1990s saw a resurgence in the importance of the

Service Hydrographique and it became a major provider of data

to the World Data Center system. This was partly because the ICES

Secretariat had invested in modern computing systems, and partly

because the need for regional compilation of data was recognised.

In 1988, Carlberg and Føyn (Carlberg and Føyn 1988 ) highlighted

an issue regarding the inadequate submission of data (especially

nutrient data) to ICES. They then described a number of initiatives

that could be used to increase submissions, including 

� ICES should increase their efforts in informing institutes about

ICES activities in order to stimulate a wider participation. 
� Contact scientists and assist them in submitting their data. 
� Remind data originators that they may have an obligation to

provide their results, including their data. 
� Correctly attribute references to the originating institute. 
� Ensure that submitted data are not made available for com-

mercial purposes or other non-authorised uses. 

By the mid-1990s, the situation was seen to be very positive,

with an estimated 30% of potentially available data being cap-

tured. Relations with the NODCs were also seen to be productive,

both for data exchange, and exchange of Cruise Summary Reports

(ROSCOP) (Annex 5: ICES 2001 ). In the period 1967–91, it was seen

that nearly half of the data reported on ROSCOP forms had actually

been supplied to ICES (Rickards 1993 ). Data submission was gen-

erally better from those countries geographically close to lCES and

from projects where lCES was the specified data centre or project

coordinator. 

In 1994, ICES summarised its rules and procedures related to

databases [CM 1994 Del-10 (ICES 1994 )]. At that time, the ICES Sec-

retariat maintained several oceanographic, environmental, and 

fisheries databases—see Table 1 . 

Some of the databases were for the sole use of ICES, some

were for client organisations (e.g. OSPAR), and some had multiple

users (e.g. the oceanographic database). It was pointed out that

some of the previously unwritten ‘agreements’ and ‘understand-

ings’ were not sufficiently clear for the Secretariat to act as cus-

todians of the data. For example, the International Bottom Trawl

Survey Working Group operated on a ‘gentlemen’s agreement’ on

access to the data. It was understood that full access to the Inter-

national Bottom Trawl Survey (IBTS) database was only granted

to the national laboratories involved in the survey, as well as to

working groups within ICES. These users were not allowed to ex-

port detailed data from other participating laboratories without

prior contact with the national contact persons. Another example

was the procedures relating to requests for ICES oceanographic
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Figure 7. Examples of different media used to store and distribute data as the volume increased. (a) Data cartridges, (b) CD-ROM of data from the VEINS 

project 1997–2000. Photos by David Currie. 

Table 1. ICES databases in 1994. 

ICES database name (category at the time in 

brackets) Description 

The ROSCOP database (Oceanography) Details of almost 25 000 research cruises conducted by ICES Member Countries 

since 1967. 

The hydro-chemistry database (Oceanography) The hydro-chemistry database was one of the largest oceanographic profile 

collections in the world, containing data from 1902 onwards (half of which 

included oxygen/nutrient/chlorophyll/pH data) along with temperature and 

salinity surface data values originating from the ICES ship route programme. 

Environmental Data Bank (Environmental) Computerized in 1983, the database contained data back to 1978 for 

contaminants. Data included contaminants in finfish and shellfish; 

contaminants in sea water; contaminants in sediments; data from 

measurements of the biological effects of contaminants; and fish disease 

prevalence data. 

STATLANT 27 data (Fisheries) Fisheries statistics data. The data consist of ‘STATLANT 27A’ data (annual 

landings of fish and shellfish by ICES Statistical Area) and “STATLANT 27B” data 

(monthly landings and fishing effort by ICES Statistical Area and vessel or gear 

category). 

FISHSTAT AO data (Fisheries) Aquaculture production statistics since 1982. 

The IBTS (International Bottom Trawl Survey) 

database (Fisheries) 

Data from the International Young Fish Survey from the year 1970 onwards. The 

data consisted of the haul-by-haul data. In 1990, it was decided to expand the 

database to include the results of quarterly bottom trawl surveys of the North 

Sea planned to take place from 1991 onwards. 

The Fish Stock Assessment data base (IFAP) 

(Fisheries) 

The data in the IFAP database consisted of catch in tonnes, catch in numbers at 

age, fishing effort and biological data and parameters by stock, and in some 

cases also by fleet. 

The STCF database (Fisheries) The database on the North Sea was set up by the Scientific and Technical 

Committee on Fisheries of the European Community (STCF). It contained 

disaggregated data for the years 1989 and 1991 including fleet specifications; 

catch and effort data; catch-at-age data; and price-at-age data. 
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ata—these were similar, but not identical, to those procedures

dopted in the lODE system. An important differ ence w as that ICES

eserved the right to ‘refuse or hinder a request’ if the data re-

uester was also a potential data supplier who was refraining from

upplying data to the ICES Secretariat. It was proposed that some

eneral rules should be applied to data access: 
� The reasons for which the applicant requires the data must be

stipulated, and uses for other purposes later require prior ap-

proval. 
� Suitable acknowledgement of ICES or the specific source of

the data is expected. 
� With regard to fees to be charged, all commercial enterprises

and persons/bodies receiving consultancy fees for their work,
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should pay the full cost incurred by the Secretariat. All non-

governmental organisations should also be charged based on

this same costing principle. 
� Information should be supplied only to persons affiliated with

identifiable corporate bodies, e.g. institutes, universities. 

Following the initial proposal a data request form was imple-

mented for access to fisheries databases [CM 1994 Follow up to

Del: 10 (ICES 1994 )]. On receipt of the completed request, a clear

distinction was drawn between studies carried out under contract

or for remuneration, and those carried out for scientific studies

not associated with contracts. These proposals were accepted

(ICES 1995 ). 

Sampling instruments for collecting data had continued to im-

prove during this period and the late 20th century also saw the

emergence of autonomous vehicles both at surface and subsur-

face capable of conducting underwater surveys without requiring

a human presence. These vehicles could be equipped with vari-

ous sensors to collect data autonomously. The launch of Earth-

observing satellites allowed for large-scale monitoring of marine

environments. Remote sensing technologies enabled scientists to

collect data on sea surface temperature, chlorophyll concentra-

tions, and ocean currents from space. Remotely operated vehi-

cles (ROVs) and manned submersibles became more common, en-

abling scientists to explore deeper marine environments collect-

ing samples. 

Following the invention of the World Wide Web in 1989, and

with the prevalence of website development during the early

1990s, www.ices.dk was launched in 1996. In 1997, ICES data avail-

able on the web included ROSCOPs generated by EU MAST pro-

grammes; environmental data (via a direct link to the database);

the ICES data policy, and data product guidelines [Section 9: (ICES

1997 )]. 

21st century: integrated, open, and online 

data 

This period saw significant changes in data management within

ICES, including the creation of a unified ICES Data Centre, and,

through a programme of agreed amendments of the ICES data

policy, data were made openly available by default. The volume

and variety of data being managed also continued to increase, and

the use of the internet and World Wide Web for distributing and

publishing data became the default method. Many different ICES

databases and data portals were launched from 1999 onwards—

see Table 2 . In this table, the categorisation follows the current

way of thinking about ICES data, rather than the coarser categories

of fisheries/oceanographic/environmental data which were more

commonly used in the 20th century. While some new categories

can be easily mapped to the older categories (e.g. ‘Fisheries Inde-

pendent’ data are a sub-set of ‘Fisheries’ data) not all of the new

categories can be as easily mapped to the coarser schema (e.g.

‘Biodiversity’ data). 

In the early 2000s, the situation was not looking favourable for

the Service Hydrographique—in particular huge back-logs of data

were building up. The Service Hydrographique was not alone in

this problem, as NODCs were also seen to be experiencing simi-

lar problems. It was also highlighted that Cruise Summary Reports

were not being completed which meant that it became impossible

to track what data was being collected (Annex 5: ICES 2001 ). 
With respect to commercial fisheries data, annual nominal

catches of more than 200 species of fish and shellfish in the North-

east Atlantic region were officially submitted by ICES member

countries. Statistical data were (and still are) collected and co-

ordinated in collaboration with the Statistical Office of the Euro-

pean Communities (Eurostat). Until fairly recently, the electronic

database of catch statistics maintained by ICES and Eurostat only

contained data from 1973 onwards. The digitisation of older data

was of mutual interest to ICES and Eurostat, as was the validation

of more recent data. Long time series of data are essential to anal-

yse and predict the effects of global challenges. A joint project was

initiated by ICES and Eurostat to digitise data from the ICES hard-

copy archives for 1903–72, and validate data in the Eurostat/ICES

database for 1973–2005. On completion of this project, the Euro-

stat/ICES catch database was updated and the results were pub-

lished on the ICES website (ICES 2026a ). It was noted that coun-

tries have changed data-collection and compilation methodology

several times during the period but these changes are not fully

documented in the literature—this makes it difficult to assess the

consistency of the series. Furthermore, there are changes in cov-

erage by countries and by areas. Nevertheless, the effort s of data

rescue projects to recover, preserve, and share data increase the

amount of scientific evidence available to everyone (Lassen et al.

2012 ). 

In the 2001 Working Group on Marine Data Management (WG-

MDM) report (ICES 2001 ), it was highlighted that the ICES oceano-

graphic data policy of the time was to a large extent based on

the 1988 Carlberg and Føyn paper. Free and open exchange of

data was encouraged but any restrictions specified by data sub-

mitters were respected. In 2004, the ICES Study Group on Man-

agement of Integrated Data (SGMID) noted that ICES had last re-

viewed the data policy in 1994, and that new policies had been

added since that time but there was not always a clear justifica-

tion for why access to certain data was restricted. Different ar-

rangements were also in place for the differ ent data str eams (fish-

eries, oceanographic, and environmental) with little consistency

between them. The group recommended that ICES should revisit

its data policy in order to provide users with maximum accessibil-

ity and openness (ICES 2004 ). In 2005, the ICES Bureau Working

Group for Data Development Project (BWGDDP) proposed a data

policy (C.M. 2005/Del.04/05/03 (ICES 2005b ), which contained an

important statement: ‘ All data submitted to ICES are considered
to be in the public domain unless otherwise explicitly specified and
agreed’. In 2005, the new data policy was subsequently adopted

with minor changes (ICES 2006 ) and many of the points it con-

tained have survived through to the current ICES Data Policy (ICES

2025g ). Box 2 highlights the key points of the ICES Data Policy. 

Box 2 ICES data policy 

By maximizing the availability of data to the community at 

large, ICES promotes the use of these data, thereby ensur- 

ing that their maximum value can be realized and thus con- 

tribute to an increased understanding of the marine environ- 

ment. 

The latest version of the ICES Data policy was revised and 

approved by ICES Council in April 2025, this replaced all pre- 

vious versions. 

Key points about this policy 
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Table 2. Launch years of ICES databases and data portals. 

Launch year ICES databases/data portals (category in brackets) 

1999 OCEAN (Ocean Hydro Chemistry) 

2003 DATSU—Data Screening Utility (ICES Data Portals) 

RECO—Reference Codes (ICES Data Portals) 

2006 Code Request Management (ICES Data Portal) 

DATRAS (Fisheries Independent) 

2007 DOME (Marine Environment) 

IROC—ICES Report on Ocean Climate (Ocean Climate) 

InterCatch (Fisheries Dependent) 

2008 Ecosystem Data (ICES Data Portal) 

2009 vocab.ices.dk (ICES Data Portal) 

2010 ICES Metadata Catalogue (ICES Data Portals) 

ICES Spatial Facility (ICES Data Portals) 

Stomach Data v1 (Fisheries Independent) 

2011 Historical Plankton (Marine Environment) 

2012 Eggs and Larvae (Fisheries Independent) 

2013 RDB-FishFrame (Fisheries Dependent) 

Stock Assessment Graphs (SAG) (Fisheries Dependent) 

2014 VMS—Vessel Monitoring System (Fisheries Dependent) 

2015 SID—Stock Information Database (Fisheries Dependent) 

2016 Biodiversity—seals and birds (Biodiversity) 

VME—Vulnerable Marine Ecosystems (Biodiversity) 

2017 Acoustic surveys (Fisheries Independent) 

Bycatch portal (Fisheries Dependent) 

2018 SMARTdots (Fisheries Independent) 

2019 Impulsive Underwater Noise (Marine Environment) 

2021 JCDP—Joint Cetacean Data Portal (Biodiversity) 

ICES Data Portal (ICES Data Portal) 

Continuous Underwater Noise (Marine Environment) 

2022 ESAS—European Seabirds at Sea (Biodiversity) 

RDBES—Regional Database and Estimation System (Fisheries Dependent) 

2023 ASD—Advice and Scenarios database (Fisheries Dependent) 

Stomach Data v2 (Fisheries Independent) 

2024 AIMS—Accession Information Management System (ICES Data Portal) 

Fecundity and Atresia (Fisheries Independent) 

 

e  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/83/5/fsag085/8695910 by guest on 13 July 2026
� All public data are under the Creative Commons (CC BY 

4.0) licence 
� Is intended to facilitate the production of science-based 

advice and status reports, and serve the scientific com- 

munity 
� Applies to data managed by ICES 

Licences for restricted data include: 

� Commercial catch data from the Regional Database and 

Estimation System (RDBES), Regional Fisheries Database 

(RDB-FishFrame), InterCatch and protected species by- 

catch data licence (ICES 2023b ), 
� ICES Vessel Monitoring System (VMS) and Logbook data 

licence (ICES 2022a ), 
� ICES Biodiversity data licence (ICES 2022b ). 

2002 saw the EU’s Data Collection Regulation (DCR) come into

ffec t—prior to this, data collection in EU member states was de-
pendent on the availability of adequately funded national pro-

grammes (Doerner et al. 2018 ). Under the DCR, the national fish-

eries research institutes of EU member states conducted region-

ally and internationally coordinated sampling programmes which

were co-financed by the European Commission. The DCR intro-

duced provisions specifying the data to be collected, and the

transmission of the data to the end-users in response to data calls

to EU member states. With these provisions, the DCR established

a more systematic fisheries data collection system within the EU.

The second EU Data Collection Framework Regulation (DCF) in

2009 (recast in 2017) further improved the access, exchange, and

use of EU fishery-dependent and fishery-independent data for sci-

entific advice. The DCF sets out a harmonised approach for the col-

lection by EU Member States of biological, environmental, tech-

nical, and socio-economic data for the fishing, aquaculture and

processing sectors. Fisheries data collection is enshrined in the

EU’s Common Fisheries Policy (CFP) as the backbone supporting

evidence-based management and sustainable exploitation of ma-

rine living resources. The core of this system remains fisheries-
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related data, complemented by ecosystem and socio-economic

information to support integrated advice. Given that many ICES

member countries are also EU member states the data collected

under the DCF has become a key data source for ICES, and ICES is

recognised as an important end-user of that data (EU 2020 ). 

In 2004 the ICES Secretariat was restructured in order to bet-

ter meet its requirements. The formerly independent sections of

Oceanography, Environment, and Fisheries were restructured into

a Science Programme section and an Advisory Programme sec-

tion. ICES also embarked on an ambitious project to integrate its

disparate databases into a single ICES Data Centre (ICES 2005a ).

This was driven by the need for better coordination across disci-

plines and the increasing complexity of managing large amounts

of data. Prior to this formal re–arrangement developers from the

three different sections had already started to work together more

closely. The creation of the ICES Data Centre was an important step

toward modernising data management, as it allowed for more

standardised processes and improved collaboration across the

three fields. It also established the role of professional data man-

agers rather than accidental, or ad-hoc, data managers. The ICES

Data Centre allowed for easier access to data, enhancing scientific

collaboration across disciplines and countries. 

In 2007 the Working Group on Marine Data Management (WG-

MDM) and Study Group on Management of Integrated Data (SG-

MID) merged into the new Working Group on Data and Informa-

tion Management (WGDIM). WGDIM aimed to provide ICES with ad-

vice on all aspects of data management including technical, data

policy, data strategy and user-oriented guidance (ICES 2007b ). Be-

tween 2012 and 2013 WGDIM changed to an ICES ‘operational

group’: the Data and Information Group (DIG), bridging the gap

between ICES data and their real-world application, and provid-

ing advice to ICES on all aspects of data management, beyond the

capability of expert groups (ICES 2021 ). Figure 8 shows the lineage

of the ICES groups that led to DIG—these are groups which took a

broad overview of how data is managed within ICES, rather than

looking at specific subjects or domains. DIG currently provides

ICES with advice on all aspects of data management including

data policy, data strategy, data quality, technical issues, and user-

oriented guidance. DIG recognised that it could not provide de-

tailed data governance for all ICES data products so from 2017 on-

wards it has encouraged the creation of data governance groups.

‘Data governance’ is used as a broad term including concepts such

as data policies, data management, access rules, and data stan-

dards. These groups act as a bridge between the ICES Data Centre,

data suppliers and data users for specific dataflows. They help to

ensure that the knowledge and experience of scientists and other

domain experts can be combined with the skills and expertise of

data managers. 

In the 21st Century, marine data collection techniques con-

tinued to advance reflecting a trajectory towards greater pre-

cision, automation, and integration of technology—from man-

ual sampling methods to sophisticated autonomous systems and

advanced data analytics. Uncrewed underwater vehicles have

gained significant attention and application over the past few

decades in marine research, environmental monitoring, defence,

and commercial sectors—these include Uncrewed Surface Vessels

(USVs), Autonomous Underwater Vehicles, and ROVs. These ad-

vanced vessels can operate autonomously or be controlled re-

motely without a crew onboard, allowing for enhanced data col-

lection and operational flexibility (see Fig. 9 for some examples).
An example of the use of USVs is in fisheries acoustics where they

can provide echosounder data at a lower cost and carbon emis-

sion per sampling distance when compared to research vessels.

One of the key points about USV-based acoustics is that they are

generally not equipped to image or capture specimens. Whilst the

ICES acoustic database could accept acoustic data without com-

plementary biological data, the interpretation of the data would

require model assumptions, predictions based on prior knowl-

edge, or contextual information from other sources (Handegard

et al. 2024 ). An example of the use of USVs was given by a 2025

survey of four of Norway’s largest fjords—this was conducted us-

ing two USVs together with a research vessel. The purpose was to

map the quantity, distribution, and age structure of pelagic fish

stocks, with a focus on sprat and herring. The survey showed that

the combination of USV-based acoustics and night trawling pro-

vided an efficient and high-resolution mapping of pelagic stocks

in complex fjord systems (Kvamme et al. 2025 ). 

The installation of buoys equipped with sensors has enabled

real-time data collection on oceanographic parameters, such as

temperature, salinity, and wave height. These systems are crucial

for operational oceanography and weather forecasting. The Inter-

net of Things has facilitated the deployment of interconnected

sensors throughout marine environments. This networked ap-

proach allows continuous monitoring and data collection on vari-

ous parameters, including water quality and marine life. Advances

in data analytics and machine learning have allowed researchers

to process and interpret vast amounts of marine data efficiently.

This includes analysing acoustic data for fish populations or us-

ing machine learning to identify patterns in environmental data or

monitoring bycatch of porpoises and birds. 

The internet and World Wide Web continued to gain importance

for distributing and publishing data, and they are now the default

method. As more and more data was published online it was noted

that the digital ecosystem surrounding scientific data was prevent-

ing society from extracting maximum benefit from the results of

research. This led to the development of the ‘FAIR Guiding Princi-

ples for scientific data management and stewardship’—where the

acronym FAIR stands for Findable, Accessible, Interoperable, and

Reusable (Wilkinson et al. 2016 ) ( https://www.go-fair.org/fair-pri

nciples/ ). In order to meet the requirements of the ‘Findable’ as-

pect of FAIR data, a dataset must be described by rich metadata.

Metadata is data about data—it describes data sets and services,

thus making it possible to discover, inventory and use them ( https:

//inspire.ec.europa.eu/glossary/Metadata ). Metadata harmonisa- 

tion is essential for long-term data usability—it ensures that data

from different sources are described in a standardised way, facil-

itating interoperability, integration, and cross-disciplinary analy- 

sis. By aligning metadata fields, data consumers can more easily

compare and merge datasets, enhancing the accuracy and scope

of insights (Flynn et al. 2025 ). ICES has always requested meta-

data alongside data submissions, but for many years, there were

no agreed standards for it. The single biggest change in improving

the availability of metadata in the EU was the INSPIRE legislation—

see Box 3. 

Box 3 Metadata and the INSPIRE Directive 

The INSPIRE Directive was published in 2007 with the aim of 

laying down general rules aimed at the establishment of the 

https://www.go-fair.org/fair-principles/
https://inspire.ec.europa.eu/glossary/Metadata
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Figure 8. Lineage of ICES groups that focused on data management. 

Figure 9. Examples of uncrewed vehicles used to collect data. USV Sounder from Kongsberg Maritime AS, (a) Brage Photo by Helge Sagen (IMR), (b) 

Photo by Caspar Christie (IMR), (c) Frigg Photo by Geir Pesersen (IMR), (d) A sail drone with an echosounder, used by SLU Aqua, Sweden. Photo: Jonas 

Hentati Sundberg. 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/83/5/fsag085/8695910 by guest on 13 July 2026
Infrastructure for Spatial Information in the European Com- 

munity (EU 2007 ). This marked the first important step on 

the way to a European-wide legislative framework to achieve 

a European Spatial Data Infrastructure. Before this point, 

there had been a number of national and regional initiatives 

to establish Spatial Data Infrastructures but spatial informa- 

tion in Europe was still fragmented with gaps in availability, 

lack of interoperability or harmonisation between datasets 

at different geographical scales and duplication of informa- 

tion collection (Bartha and Kocsis 2011 ). The INSPIRE Direc- 

tive meant that geo-spatial data that was published had to 

be accompanied by metadata. Not only did this increase the 

amount of metadata published but it also increased organi- 

sational capabilities for creating and distributing metadata. 

Not all European ICES member countries are also mem- 

bers of the EU; however, there is still a compatibility 

in their spatial data infrastructures. The UK passed the 
INSPIRE (Amendment) (EU Exit) Regulations 2018 to en- 
 

able the continued operability of the INSPIRE Regulations 

following the UK’s withdrawal from the European Union 

( https://www.legislation.gov.uk/uksi/2018/1338 ). In Norway, 

the Norwegian Geodata Act came into force in 2010—this 

implements the INSPIRE Directive and regulates the es- 

tablishment of the Norwegian spatial data infrastructure 

(NSDI) ( https://www.geonorge.no/en/infrastructure/norway 

- digital/spatial- data- infrastructure/ ). 

At the time of writing, ICES is a network of nearly 6 000 scien-

tists from over 700 marine institutes in 19 member countries and

beyond. Over 2 500 scientists participate in ICES activities annu-

ally ( https://www.ices.dk/about-ICES ). The ICES Data Centre has

17 employees and provides marine data services to ICES mem-

ber countries, expert groups, the World Data System, regional seas

conventions, the European Environment Agency (EEA), FAO, Euro-

pean Marine Observation and Data Network (EMODnet), and vari-

https://www.legislation.gov.uk/uksi/2018/1338
https://www.geonorge.no/en/infrastructure/norway-digital/spatial-data-infrastructure/
https://www.ices.dk/about-ICES
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ous other European projects and biodiversity portals (ICES 2025a ).

The ICES Data Centre hosts data collections on marine biological

data, marine environment data, oceanographic data, and under-

water noise data. Datasets are organised around specific thematic

data portals, where everything from data on ocean-related human

activities, such as fisheries, to physical oceanography, and data

on biodiversity can be found. ICES biggest data collection is for

oceanography, with over 9.4 million records with the earliest mea-

surement dating back to 1862 ( https://www.ices.dk/data/data-po

rtals/Pages/default.aspx ). Maps and spatial layers are also used in

ICES to aid in the organisation of data into something more than a

collection of numbers and coordinates. ICES manages a number of

maps related to the Northeast Atlantic, these are used extensively

by the expert groups for the planning of data collection and the vi-

sualisation of data. Maps can be downloaded as digital shapefiles

or used online ( https://www.ices.dk/data/maps/Pages/default.as

px ). 

ICES data collections focus on marine biological data, marine

environment data, and oceanographic data. Biological data covers

commercial fisheries, fisheries independent surveys (such as fish

trawl and acoustic surveys), seabirds, marine mammals, as well as

fish stomachs. Oceanographic data at ICES covers both eutrophi-

cation data and ocean hydrochemistry data. The marine environ-

ment data collection comprises plankton and benthos commu-

nity, as well as fish disease, marine litter, and contaminants data.

ICES also hosts data on underwater noise (both continuous and

impulsive). Currently, ICES receives data in circa 70 standard data

formats, feeding into 31 distinct data flows. The majority of data

originates from national institutes that are part of the ICES net-

work. Dataset collections are organised around specific thematic

data portals as well as an overarching data warehouse. The ICES

Data Centre has been accredited under CoreTrustSeal since 2021,

which highlights its ongoing commitment to high-quality, trans-

parent, and sustainable data management ( https://www.coretrus

tseal.org/ ). CoreTrustSeal is an international, community-based

organisation, which promotes sustainable and trustworthy data

infrastructures. 

As we reach the present day, it is worth looking at the wider

seascape of marine data management that ICES is a part of. Marine

data is collected by a large number of differ ent or ganisations and

individuals using many differ ent types of equipment, sensors, and

techniques. These data are also used by a large number of differ-

ent people and organisations for a wide variety of purposes. The

preceding decades have seen progress made in a number of key

areas of data management including collaboration, in particular

in the creation of services and networks that can aggregate ma-

rine data and make it more widely available. Marine data aggre-

gation services and networks can play a crucial role in harmon-

ising metadata, applying quality checks, and integrating diverse

data sets (Schaap et al. 2022 , Novellino et al. 2025 ). ICES plays

an important role in many of these networks as a regional data

provider. 

The IODE ( https://iode.org/ ) now consists of more than 100

National Oceanographic Data Centres (NODCs), Associate Data

Units (ADUs), and Associate Information Units (AIUs). These cen-

tres manage and make available ocean data products and services

including the Ocean Data and Information System (ODIS, https:

//odis.org/ ), the Ocean Biodiversity Information System (OBIS, ht

tps://obis.org/ ), and the World Ocean Database (WOD (NCEI 2023 ).

The Global Ocean Observing System (GOOS, https://goosocean.
org/ ) is a coordinated but decentralised system that facilitates

data assembly and exchange via regional alliances including Euro-

GOOS https://eurogoos.eu/ (Snowden et al. 2019 ). The Ocean Best

Practices System (OBPS, https://www.oceanbestpractices.org/ ) is 

a global initiative aimed at improving and standardising practices

for collecting, analysing, and sharing ocean data and information.

OBPS is jointly sponsored by IODE and GOOS. In Europe, some

of the key data aggregators are the Copernicus Marine Environ-

mental Monitoring Service (CMEMS, https://marine.copernicus.eu 

/ ), the European Marine Observation and Data Network (EMODnet,

https://emodnet.ec.europa.eu/en ), and the SeaDataNet network 

of data centres https://www.seadatanet.org/ . 

Looking forward, the United Nations Decade of Ocean Science

for Sustainable Development (2021–2030), the “Ocean Decade,”

aims to generate the data, information and knowledge needed

for more robust science-informed policies and stronger science-

policy interfaces at global, regional, national and local levels. The

Ocean Decade Vision 2030 White Paper 8 (Calewaert et al. 2024 ,

2025 ) defined several key tools and services that are still needed to

create and make available a digital representation of the ocean, in-

cluding a global Ocean Data Discovery and Access Service (DDAS).

This will need to be a federated global service providing access to

multidisciplinary data, data products, and information. 

Discussion 

As we approach ICES’ 125th jubilee it is natural that many signif-

icant changes have occurred during its life but the management

of data (including its submission, collation, storage, publication,

and preservation) has been a key interest of ICES since its founda-

tion. Data are essential for assessing the state of seas and oceans

as well as for providing feedback on the effects of conservation

and management measures. As we have seen, data management

has evolved from paper submissions and analogue databases, via

punch cards, to be fully digitised. It is hard to overestimate, the

importance of the invention of the internet and World Wide Web

and the effec t it has had on data management. Within ICES the

formation of a unified ICES Data Centre in 2004 was a significant

event. Whilst there had been efforts previous to this point to better

integrate fisheries, oceanography, and environmental data they

had not always proved successful—the creation of the Data Cen-

tre paved the way for a more joined-up way of managing data. 

It is worth reviewing the current status of ICES data manage-

ment in relation to the worldwide network of marine data centres.

From the establishment of ICES, it became a regional ‘data centre’

before the term had been invented. It was probably unique and

was well-recognised for its work. But where does it stand now? The

ICES Data Centre is accredited under CoreTrustSeal meaning that

it meets the core characteristics of trustworthy data repositories—

at the time of writing 172 data repositories or data centres are

accredited by CoreTrustSeal, 16 of which are marine related. The

ICES Data Centre participates in a wide range of partnerships, net-

works, and global collaborations. It also contributes to IODE, as an

ADU and a participant in OBIS. 

Not all data centres are the same and comparing them can be

like comparing apples and oranges. These centres vary in many

ways, including mission, size, the variety of data types handled,

technical expertise, and diversity of data suppliers. However, a

comparison could be made with the IODE NODCs. Currently, IODE

https://www.ices.dk/data/data-portals/Pages/default.aspx
https://www.ices.dk/data/maps/Pages/default.aspx
https://www.coretrustseal.org/
https://iode.org/
https://odis.org/
https://obis.org/
https://goosocean.org/
https://eurogoos.eu/
https://www.oceanbestpractices.org/
https://marine.copernicus.eu/
https://emodnet.ec.europa.eu/en
https://www.seadatanet.org/
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as 65 NODCs and 46 ADUs. In the 2024 IODE survey of the health

f NODCs (Rickards and Pissierssens 2025 ), the highest ranking

sually had well-developed leadership and specific data or tech-

ical skills, and they are often CoreTrustSeal or IODE accredited.

lthough this survey did not include ADUs, the ICES Data Centre

ould have a place amongst the top-ranking NODCs. 

The ICES Data Centre serves a broad community with their data,

xpertise, and technical knowledge. Some of the most active users

f ICES data are the many ICES expert groups. One of the most

ffec tive w ays to ensur e that the ICES Data Centre is serving the

eeds of these groups has been the creation of data governance

roups. For a given database or system, these groups bring to-

ether the data providers, data users, and the Data Centre. This

as been seen to be a very effec tive w ay of impr oving systems

ince it provides a structured way to identify problems and new

equirements, discuss and prioritise them, and monitor their im-

lementation. The creation of the ICES Data Science and Tech-

ology Steering Group (DSTSG) in 2021 has given more focus to

he work of expert groups that consider data—this aims to help

dvance data science, systems management, quality assurance,

nd data governance at ICES. Expert groups can also make re-

uests for changes and improvements to data systems directly to

he ICES Data Centre by using the ICES recommendation system.

ll of these effort s help expert groups access the data they need—

here are no silver bullets, but these efforts are the path forward

or increasing the effectiveness of ICES data systems. 

Some categories of data users, e.g. OSPAR, provide regular feed-

ack and continue to contract work to the Data Centre. The ICES

ata Centre is recognised as a valued partner and is in high de-

and in projects such as EMODnet and SeaDataNet, where they

re regularly invited to participate in new project phases, often

ontributing data, data standards and harmonisation. 

ICES’ position as an important regional data centre, participat-

ng in a broad network, providing a range of data, data products

nd services, has enabled the Data Centre to retain its position in

he top tier of marine data centres. 

AIR 

hilst the FAIR principles were only articulated in 2016, we can

nterpret the changes in ICES data management as being an in-

rease in the FAIRness of ICES data—see Table 3 . The FAIR princi-

les have guided the work of the ICES Data Centre in recent years.

or example, in 2017, it was recognised that the ICES data portal

id not support newer data types, and that from a user perspec-

ive, there was a discontinuity between the existing data portal

nd the thematic portals (ICES 2018 ). The data portal was redevel-

ped, which enabled users to search and explore the data more di-

ectly as well as access downloads—thus, better realising the FAIR

rinciples https://data.ices.dk/view-map . 

The FAIR principles are also seen to be an important part of

he guidelines for ICES advice (‘ Principle 6: Data are findable, at-
ributable, researchable, reusable, and conform to ICES data policy.
ata flows are documented’. (ICES 2023c 2025s ) . Whilst much of

he data that is used to create ICES advisory products is managed

y ICES that is not the case for all of it. Where external data are be-

ng used it is vital to ensure they are documented—the ICES Data

rofiling Tool (DPT) was created to ensure that experts evaluate

his data in a structured way (ICES 2025d ). 
The ICES Data Centre develops and maintains a number of data

tools that are used by the community. The development of these

tools is guided by the FAIR principles to ensure they are as use-

ful as possible. For example, the Transparent Assessment Frame-

work (TAF) is an online open resource for yearly ICES fish stock

and mixed fisheries assessments, as well as other types of assess-

ments (ICES 2026c ). The open framework enables anyone to easily

find, reference, download, and run the assessment from any stage

in the process leading to the published ICES advice. Wherever

possible, TAF assessments can use web services to access data;

the data being used are documented; different data sets that use

common reference codes can be integrated together more eas-

ily; and the results of the assessment can be published and made

available. 

Five V’s 

We can also consider the changes in ICES data management in

terms of the five ‘V’s: Volume, Variety, Velocity, Veracity, and Value.

Volume 

The volume of data submitted to ICES has continued to increase

throughout its lifetime and this has triggered necessary changes

in how it is managed. For example, the increase in data volumes

related to the International Geophysical Year (IGY) 1957–8 ne-

cessitated the change to punch card data submissions. By the

1970s, the ICES Service Hydrographique was struggling to cope

with the increasingly large volumes of data and ICES twice con-

sidered whether to close it. During the 1980s, the increasing vol-

ume of data could be stored in computers; however, retrieval of

the data was costly—this led to discussion about what data should

be stored centrally, and what should remain with the originators.

Digitisation of data was also not uniform—the oceanographic data

was still being stored in punch card format. In the early 2000s huge

back-logs of data again built up at the Service Hydrographique. 

As a guide to the increase in data volume, the ICES Central Card

Index contained almost 200 000 cards by its retirement in 1956,

whereas ICES’ current biggest data collection is the oceanography

database, with over 9.4 million records. 

Variety 

ICES’ commitment to environmental science began in 1966 and by

the 1980s ICES had established a mutually beneficial service role

to the OSPAR Commission (OSPAR started in 1972 with the Oslo

Convention for the Prevention of Marine Pollution by Dumping

from Ships and Aircraft and was broadened to cover land-based

sources of marine pollution and the offshore industry by the Paris

Convention of 1974). ICES contributed significantly to this work

by collecting data on marine pollution, focusing on chemicals and

pollutants in the North Atlantic and surrounding seas. Exemplars

of this work are the assessments of marine contaminants carried

out by OSPAR, HELCOM (the Baltic Marine Environment Protection

Commission—also known as the Helsinki Commission), and AMAP

(the Arctic Monitoring and Assessment Programme of the Arctic

Council), which all base their indicators and assessment on the

data managed in the ICES Database on the Marine Environment

(DOME). OSPAR and AMAP also have assessment tools managed

by the ICES Data Centre (see Fig. 10 ). 

https://data.ices.dk/view-map
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Table 3. FAIR principles at ICES. 

Findable Improvements in metadata and the assignment of persistent identifiers (such as DOIs) make it easier 

to find what data has been collected. ICES data are indexed in multiple global repositories. 

Accessible ICES data and metadata are accessible via the internet, (either through web pages or web services). 

Web services allow applications to request data without the need for a human to click a button on a 

web page https://www.ices.dk/data/tools/Pages/WebServices.aspx. 

Interoperable The continued move to greater standardisation in vocabularies and formats has made it easier to 

integrate different data sets. ICES publishes its own vocabularies https://vocab.ices.dk/ as well as the 

guidelines it uses for updating reference codes (ICES 2025h )—these state that existing codes should 

be reused as much as possible. 

Reusable Clarity around ICES data policies and licenses, and the move to a default open license has made data 

more reusable. Although not all ICES data is openly available it is ‘as open as possible, as closed as 

necessary’. Data meets standards that are relevant to the ICES community. 

Figure 10. OSPAR Contaminants app hosted by ICES https://www.ices.dk/data/assessment-tools/Pages/ospar-cat.aspx. 
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In 2007, the ICES Study Group on Biodiversity (SGBIODIV) noted

that biodiversity science did not feature strongly in the Science

or Advisory Committees of ICES, but that it did form an impor-

tant component of several active expert groups (ICES 2007a ).

They identified that ICES could play a key role in long-term safe-

guarding of biodiversity data. Mutually beneficial cooperation on

the topics of data, science, and advice has continued between

ICES and OSPAR. ICES currently hosts a biodiversity data por-

tal in order to support OSPAR in providing information that will

feed their regional assessments of biodiversity. ICES also cur-

rently works with HELCOM in a number of areas. For example, the

Joint OSPAR/HELCOM/ICES Expert Group on Seabirds (JWGBIRD)
is composed of experts with an interest in seabirds and the im-

plementation of the Marine Strategy Framework Directive. JWG-

BIRD acts as a data governance group for the European Seabirds

at Sea database (ICES 2025i ). HELCOM assessments also make use

of ICES data collections. 

ICES has stated that ecosystem-based management (EBM) of

human activities is key to achieving long-term sustainable use of

marine resources and it has committed to developing the evidence

base and advice to inform EBM decision-making. There are data

challenges related to operationalising EBM, including: data used

to support EBM may vary greatly in format, precision, availabil-

ity, spatial and temporal scale, quality, and confidence; and social
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ata relating to marine systems are not routinely collected, have

imited temporal and spatial scopes, and are often not interopera-

le (Roux and Pedreschi 2024 ). 

elocity 

elocity is the rate at which data flow into a system. Within ma-

ine science, there is a large range of data collection velocities. For

xample, in-situ sensors might provide data in real-time—this can

e contrasted with age reading of fish where otoliths must first be

ollected, then prepared and read, which may happen weeks or

onths after collection. However, since ICES does not directly col-

ect data, it is not the velocity of the original data collection that

e should consider, but the velocity of its submission to ICES. ICES

ypically works on annual cycles so that data collected in one year

re submitted in the following year. For data that is used in annual

dvisory outputs, there is a strict timetable for when data must be

ade available—typically detailed in ICES data calls (ICES 2025c ).

ne area of ICES data management where the velocity has signif-

cantly increased is in data validation. When data had to be val-

dated and corrected by sending paper copies via post, it could

ake weeks. Then, computerised screening programmes were in-

roduced at ICES meetings, and the validation could be done in

ours. The next step was to send the screening programme to the

aboratories of ICES member countries, which allowed the valida-

ion to be done before the meeting. Now, validation can be inte-

rated into online data submission portals and done in minutes or

econds. 

We can see that the velocity of ICES data management has not

ncreased uniformly across all areas of work. The annual collation

nd release of data has not changed significantly since timely pub-

ication of data was always one of ICES’ strengths, but the velocity

f the data submission and validation process has increased sig-

ificantly. 

eracity 

eracity refers to how trustworthy and reliable data are. This is not

 singular state but a composite of several known characteristics of

he data—some of the most common characteristics used include

ccuracy, consistency, completeness, and validity (ICES 2024a ). 

Checking the veracity of the data submitted to ICES has always

een a key activity. During the early period this was predominantly

one by individuals using their experience and expert judgement.

n 1968, ICES decided to push the ultimate responsibility for data

uality back to the data submitters, which is where it stays un-

er the current ICES Data Policy: ‘ The data provider retains over-
ll responsibility for data quality’ (ICES 2025g ). Today, data qual-

ty checks occur at multiple points throughout the data life cycle

nd are performed by a number of different participants, and ICES

lays a key role. An important task of the expert community is now

o define which quality checks are required—often this is coordi-

ated by the ICES data governance groups. These checks are then

mplemented by the ICES Secretariat and documented in the ICES

uality Control Database. Data validation checks performed upon

ata submissions are automated, and inform the data submitter

f the data need any corrections. The ICES Data screening utility

DATSU) facilitates data validation for a variety of datasets—DATSU

urrently has 3 283 QC rules implemented and screened 11 750

iles in 2025 (ICES 2025f ). When data are processed for uses such
as stock assessment, this can be documented in the ICES Trans-

parent Assessment Framework (TAF). 

Errors that are present in data can have significant impacts on

ICES outputs, including advice. As part of its quality action plan

the ICES Advice Committee (ACOM) has underlined the importance

of data transparency and alignment with the FAIR principles. This

is in addition to improvements to quality control mechanisms,

such as increasing consistency checks across ICES databases, and

streamlining data flows (ICES 2025m ). 

Whilst individual expert knowledge is still important in ensuring

the scientific robustness of the collected data the quality checking

has become more automated, transparent, and documented over

the lifetime of ICES. 

Value 

The value of ICES data relates to what benefits its users receive.

ICES has always been an organisation, which looks to apply sci-

ence to real-world problems hence the data managed by ICES has

often been collect ed for a specific purpose, such as fisheries stock

assessment. To this end, the data (and the advice built on that

data) have an immediate and significant value to the users. ICES

data support ecosystem-based decisions aimed at the manage-

ment of human activities in seas and oceans, as well as fisheries,

aquaculture, and emerging sectors such as marine spatial plan-

ning and offshore renewable energy (ICES 2025b ). One aspect that

has changed over time has been the greater number of secondary

uses of data—where data collected for one purpose can be re-used

for different purposes. Recent innovations including digital twins

and artificial intelligence rely on having a large amount of data to

support them. ICES follow the FAIR principles for the data it man-

ages, which assists in making it as reusable as possible. 

Current challenges and opportunities 

The ICES Data and Information Group evaluates and monitors cur-

rent and future challenges and opportunities in data management

(ICES 2025n ). Some of these challenges and opportunities might

have been familiar to many of the people and groups that consid-

ered ICES data management throughout its lifetime—the move to

greater standardisation has certainly been a common theme, and

ICES has also often moved to adopt new technologies. Other chal-

lenges and opportunities are more rooted in contemporary times.

Opportunities 

One of the major identified opportunities for ICES data manage-

ment is the adoption of new technology to improve capabilities.

For example, there have been significant developments in artifi-

cial intelligence (AI) in recent years and extending its use in ICES

and the wider marine domain is seen as an opportunity. There is

now an unprecedented amount of processing power compared to

ever before in the history of ICES. There have also been increases

in the volume and variety of marine data being collected. Whilst

improved technology generally leads to higher quality data, some-

times the increased volumes are obtained by trading off qual-

ity for quantity (e.g. when replacing an expensive full Research

Vessel acoustic survey, with a much cheaper autonomous plat-

form). AI systems can now be used to solve complex tasks and

widen the analysis bottleneck. These systems can be used to em-

ulate human expertise; carry out analyses that are too complex
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for humans; gain new scientific insights; and make scientific out-

puts more reproducible by removing human subjectivity (Malde

et al. 2020 ). (Kühn et al. 2025 ) reviewed machine learning (ML)

use in fisheries (where ML refers to mathematical models that

can perform a specific task without explicit instruction). Examples

seen included genomics, individual fish identification and mea-

surement, catch identification, on-board processing, stock assess-

ment and dynamics, spatial mapping, and ecosystem dynamics.

(Rubbens et al. 2023 ) observed that applications of ML in ma-

rine ecology were seen to have closely followed the development

of techniques in computer science—transferring innovations from

computer science to the marine domain was thought to be de-

pendent on efficient collaboration across disciplines. It was ar-

gued that interdisciplinary training would be a potential solution

to many of the current shortcomings of ML applications in marine

ecology. 

Challenges still exist in marine AI, including making data avail-

able in a form suitable for analysis; embedding AI systems in ex-

isting infrastructure and pipelines; and developing new expertise

and methods (Malde et al. 2020 ). Sun et al. ( 2024 ) observed that

challenges in implementing practical AI included missing data;

preparing data for use in AI systems; reducing the costs; combining

AI and physics-based approaches and making the AI model opera-

tional. They state that the key factor in making AI practical and us-

able is the availability of high-quality data. (Kühn et al. 2025 ) high-

lighted that when adopting AI systems for fisheries measures must

be taken to avoid undermining the trust of scientists, fishers, man-

agers, and other stakeholders. In particular, the privacy issues and

ethical concerns of fishers must be considered. They also highlight

that these AI systems are at differ ent stages of operational readi-

ness, and that a key challenge is to reach an acceptable level of

performance in varying environments. 

In terms of the scientific applications within ICES the Workshop

on Applying AI in ICES (WKAAII, ICES 2026d ) considered a num-

ber of use cases including using AI in remote electronic monitor-

ing of fishing vessels; Large Language Models being used for ad-

vice; analysis of calcified structures such as otoliths; and estimat-

ing fishing effort. Generally, input data quality was seen as the

main challenge. Applying AI to remote electronic monitoring was

considered to take the most effort, but also to have the biggest po-

tential impacts. Risks identified included the lack of guidance re-

lated to the use of AI within ICES. The use of AI is still at an early

stage and concerns have been raised particularly related to ensur-

ing appropriate use of source data without violation of privacy or

license agreements; making clear when content has been gener-

ated by AI; and determining if ICES published data and reports can,

and should, feed into generative AI. Preliminary ICES guidance on

the use of AI has now been issued (ICES 2025k ) and this states

that when using AI technology in ICES work you must not present

AI-generated content as wholly original or unassisted work; rely

solely on AI for decision-making in areas with social, economic, or

ethical implications; or input personal, confidential, or sensitive

information into AI tools without consideration of data-handling

practices. The ICES Working Group on Machine Learning (WGM-

LEARN) is developing a list of relevant topics and tasks for the ap-

plication of artificial intelligence with an emphasis on unmet chal-

lenges specific to the marine domain, and potential benefits (ICES

2025e ). AI tools and systems are improving rapidly so this is a topic

that will undoubtedly see much change within the near future. As

has been discussed, making the right data available in the right
format is a key requirement, alongside ensuring people have the

correct skills and knowledge to use these techniques. 

AI systems often require large amounts of computing power to

achieve results and it is foreseen that the ICES Data Centre will not

be able to provide the amount of computing power required for

some of these demanding AI applications. Instead, the approach

being taken is to look for collaborations, particularly with infras-

tructures of ‘digital twins’ of the ocean. A digital twin is a virtual

replica of a physical object, which uses real-time and historical

data to represent the past and present, and models to simulate

future scenarios. The aim is to create a virtual representation that

can mirror its corresponding physical entity (Schaap et al. 2022 ,

Chen et al. 2023 ). The EU Digital Twin of the Ocean ( https://ww

w.edito.eu/ ) brings together data from services such as EMODnet

and CMEMS with supercomputing power in the cloud—rather than

downloading the data locally, virtual machines within the digi-

tal twin infrastructure run code and applications which use these

data. As ICES makes data available via EMODnet and other interop-

erable infrastructures such as the Global Biodiversity Information

Facility (GBIF, https://www.gbif.org/ ), it can be used within digital

twin environments, along with data from other sources. 

Challenges 

Some of the major data risks identified for ICES are related to a

lack of funding, and a lack of data availability—these are problems

which have been encountered many times before, albeit in differ-

ent circumstances. More novel risks include the slow adoption of

cloud services. 

Funding 

Whilst it is difficult to compare like-with-like when looking at the

costs of data management, there are some illustrative figures

available—see Table 4 . It can be seen that the inflation-adjusted

cost has increased by more than 1700% from 1959 to 2020. Al-

though the cost per computing unit (e.g. megabyte) has decreased

significantly during this time period, the volume and variety of

data managed by ICES have increased significantly, which has led

to a commensurate increase in costs. The 1959 cost only refers

to the mechanical processing of punch cards, while the services

in 2020 include a full digital infrastructure offering much greater

functionality. This has made more marine data easily available to

all users e.g. ICES currently makes over 300 million measurements

available to download from its website—this would simply have

been impossible even in the late 20th century. 

ICES relies on four main funding streams for its data manage-

ment activities: funding from the ICES member countries; pay-

ments from the recipients of ICES advice (including the EU, UK,

and Norway); data services contracts from organisations includ-

ing OSPAR and HELCOM; and external project grants. In 2022 the

total contributions to ICES from member countries was ∼23.8

million DKK, with ∼21.7 million DKK received from products and

services, and ∼5.6 million DKK from other contracts, projects,

and the ICES Journal of Marine Science (ICES 2023d ). Of course,

this income is used to fund all of the activities of ICES, not just

its data management. As well as direct financial funding, ICES

also relies on the participation of scientists and experts (from

its member countries and beyond) in expert group work. With

the reduction in the number of ICES member countries (ICES

2025j ) causing a reduction in income it is important to look for al-

ternative funding sources. In 2020, equity was released by ICES

https://www.edito.eu/
https://www.gbif.org/
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Table 4. Comparative costs of some aspects of data management at ICES over time. 2024 DKK values calculated using https://www.dst.dk/en/Statistik/laer- 

om-statistik/prisberegner. 

Year Description Original cost (DKK) 

Approximate inflation adjusted 

cost (2024 DKK) 

1959 Mechanization of hydrographic data 

(ICES 1960 ) 

11 800 186 000 

1981 Expenses for machine-handling of 

data (ICES 1982a ) 

155 433 475 000 

2020 IT expenses (excluding salaries) (ICES 

2022c ) 

3 049 609 3 500 000 
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nd used to fund some data management developments (ICES

020 )—however, this was a one-off source of money so it can’t

e relied upon. In recent years, ICES began moving to a full-

ost recovery model for its advisory work, which includes indi-

ect costs like data management (CM 2016 Del-3.2: ICES 2016 , CM

019 Del-Doc 3.2:ICES 2019 ). Alongside full cost recovery, ICES

s also working to increase the money it receives from competi-

ive project funding. The ICES project policy (ICES 2011 ) ensures

hat ICES does not compete against its member countries for

roject funding, but targets opportunities where it can have a

eneficial impact on the outcomes and complement its member

ountries. The ICES Operational Group on Science Programming

SCIPROG) aims to strengthen the coordination of future funding,

nd amplify the strategic benefits of project participation by ICES

ICES 2025o ). 

eduction in data availability 
he potential reduction of the amount of relevant marine data be-

ng made available for use in ICES and beyond is currently seen as

 key challenge. There are a number of different facets to this issue

hich we will summarise. 

The concept of ‘digital sovereignty’ is an emerging challenge for

CES—this refers to the digital self-determination by states, com-

anies or individuals (Pohle and Thiel 2020 ). A related concept is

data sovereignty’, which refers to the ability of a person, or group

f people, or organisation, or country to meaningfully own and

ontrol the use of their data (Hummel et al. 2021 )—the CARE Princi-

les for Indigenous Data Governance https://www.gida-global.or

/care (Jennings et al. 2023 ) are an example of data sovereignty.

his topic is particularly important for ICES when member country

overnments might have different approaches from each other—

.g. see (EPRS 2020 ) for the EU approach and (Clark 2026 ) for the

K approach. The consequences are that data flows that work

resently might not work in the future. It could also mean that

tricter controls and more granular management of digital assets

ill be required in the future, which is likely to also lead to higher

osts. 

Commercial fisheries data is data that are collected from com-

ercial fishing activities and typically includes information on the

essel’s fishing activities, and biological sampling of the catch and

ycatch. Commercial fisheries data are a key input to many impor-

ant ICES activities, including fish stock assessment. Since these

ata are linked to living people and the commercial activities of

usiness, there has long been an understanding that confidential-

ty rules must be applied and the data can only be used in a suit-

bly aggregated form. The rules that different institutes in differ-
ent countries follow vary, which makes it difficult to create a uni-

versal rule that is acceptable without simply adopting the most

restrictive rules of all the institutes. In some cases, this has led to

more stringent rules in how the data can be used by ICES, and sub-

sequently published (ICES 2025n ). If even aggregated versions of

the data that support ICES outputs can’t be published, then this

can reduce the trust in those products. Maintaining the balance

between the confidentiality of people and businesses while mak-

ing the data as useful and available as possible is a difficult balanc-

ing act. 

ICES member countries are key data submitters to ICES so any

reduction in membership has the potential to reduce the amount

of data available. The most recent example of a country leaving

ICES is Russia whose ICES membership officially ended on 9 De-

cember 2025 (ICES 2025j ). Russia had been one of the ICES found-

ing member countries and stayed a member until World War I and

the Russian Revolution—following a break of 40 years the USSR

joined ICES in 1956 (‘ Russia, USSR, and ICES: For Years A Tricky
Proble m’; Smed 2016 ). The withdrawal of Russia could have a

significant impact on some ICES outputs, such as stock assess-

ments where Russian fishing fleets operate. In the Working Group

on Widely Distributed Stocks (WGWIDE) group, some alternative

data routes were used to mitigate this problem—e.g. biological

data from Russia were made available via the Faroe Islands (ICES

2025p ). 

Since 2025 the USA has seen budget cuts to federal science

funding along with policy changes, which affec t content r elated to

topics including environmental policy, climate research, and envi-

ronmental monitoring. This has led to loss of data. On the topic

of environmental data NOAA’s National Environmental Satellite,

Data, and Information Service maintains a list of planned changes

to its information products and services (NESDIS 2026 ). ‘America’s

Essential Data’ https://essentialdata.us/ classify the data losses

into three categories: Terminated datasets; Removed variables;

and Discontinued digital tools. In response, members of the sci-

entific community both within and outside the USA have identi-

fied data sets that are at risk of loss with the aim of preserving

them. This can be considered as emergency curation, which is a

type of digital preservation mobilised rapidly in response to an-

ticipated threats (Rothfritz 2026 ). Some examples of these initia-

tives include the Data Rescue Project https://www.datarescueproj

ect.org/ ; the Public Environmental Data Partners https://screenin

g-tools.com/ ; and the Environmental Data & Governance Initiative

(EDGI) https://envirodatagov.org/ (Nost et al. 2025 ). PANGAEA, the

Earth and environmental data repository, have also archived vari-

https://www.gida-global.org/care
https://essentialdata.us/
https://www.datarescueproject.org/
https://screening-tools.com/
https://envirodatagov.org/
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ensure they remain publicly accessible. https://www.pangaea.de

/news/data-rescue.php 

As data systems, funding avenues, and governance structures

change, data can be at risk of being accidentally lost. To address

issues of data storage and data security, ICES have developed a

data preservation plan (ICES 2023a ). The latter recognises ICES

as a custodian of a long-standing and well-curated collection of

datasets, and defines the approach to how these data are stored

and managed into the future, including provisions for ensuring

data are preserved even if ICES ceases to exist. Examples of data

rescue efforts include digitisation and online publication of his-

torical records, such as the ICES historical plankton dataset (ICES

2013 , 2026b ), which resulted in an online data portal for seven his-

torical ICES volumes spanning the years 1902–12. To plan for data

rescue efforts, organisations can encourage best practice by using

tools such as Repository Crisis Scorecards (Gum et al. 2025 , 2026 )

to measure resilience of the datasets. By understanding current

gaps in data maintenance strategies and best practices for data

services, architecture, and collaboration models, data centres can

plan for resilience in the face of future technological and gover-

nance changes. 

Data are also at risk of malicious removal—e.g. in June 2024,

the ICES Secretariat suffered a ransomware cyber-attack. The at-

tack affected all in-house network and storage infrastructure. Dur-

ing the weeks after the attack, ICES worked to bring the website

back online and restore access to online tools and resources—

these were all available again by July 2024. As part of the recov-

ery process, ICES rebuilt its systems, ensured that no traces of

the ransomware remained, and enabled active monitoring sys-

tems. This attack had a significant impact on ICES in terms of di-

rect costs, unavailability of systems for carrying out the business-

critical tasks of the Committees, and communications and infor-

mation sharing between ICES and its Member Countries. The ICES

Workshop on Improving Cyber Security (WKCYBER, ICES 2025q )

used the lessons learned during the attack and recovery process,

and subsequent analyses, to make recommendations to improve

cyber security in the ICES community. In particular, the recovery

was made more difficult due to the large amount of ‘unstructured’

data that was held by ICES. (Unstructured data refers to data that

is not stored in a database and can include data stored in docu-

ments and spreadsheets.) Recommendations from the workshop

included: (i) ICES Council and Bureau to take an active role in cy-

bersecurity by requiring regular reporting on key cybersecurity

metrics; (ii) reducing the file content storage footprint of ICES by

implementing clear retention policies; (iii) developing and practic-

ing an information systems incident response plan; (iv) adopting

a ‘secure by design’ philosophy; and (v) that the ICES Secretariat

should adopt a cyber-security framework (such as ‘CIS Controls’

https://www.cisecurity.org/controls ). 

Slow adoption of cloud services 
The identified risks also include the slow adoption of cloud ser-

vices such as the ICES Transparent Assessment Framework (TAF).

Some of the reasons for this include users not being familiar with

TAF, and not having time to migrate existing code to a new frame-

work. ACOM has identified actions to improve the use of TAF: im-

plementing standard diagnostic and quality control templates in

TAF; automating outputs from TAF to other databases; continu-

ing to drive uptake of TAF by stock assessors through training, and

by providing resources and support; and developing guidelines to
assist experts in auditing stock assessments conducted using TAF

templates (ICES 2025l ). At the ICES 2025a Annual Science Confer-

ence a network session was held to tell the ICES community about

TAF and highlight examples of good practice (ICES 2025r ). 

ICES data plan 

As ICES looks ahead and formulates a new organisational strategy

to be launched in 2027 as part of the 125th anniversary of the ICES’

creation, the emerging ICES data plan takes into account six ma-

jor drivers ( Fig. 11 ). External drivers include: Adapting to policy,

both regional marine policy managed by the Regional Sea Conven-

tions, European policy such as the Marine Strategy Framework Di-

rective (MSFD), Marine Spatial Planning Directive (MSPD), and the

more recent Nature Restoration Regulation (NRR), as well as inter-

national policy such as Biodiversity Beyond National Jurisdiction

(BBNJ). Building and maintaining strategic data partnerships, ex-

ploiting information technology, and developing/adopting stan- 

dards and best practices are other key external driving forces. In-

ternal drivers (within the organisation) are focused on improving

data literacy, capacity, and skills of the scientific experts working

through ICES expert groups, and ensuring the data infrastructure

is resilient to challenges faced by funding sources, cyber security,

and changes in personnel. 

Conclusion 

This paper captures some of the major trends in data manage-

ment at ICES since its foundation. We situate the changes at ICES

within the wider context of societal trends in data management.

We discuss changes in data management in terms of data collec-

tion, data policy, groups at ICES, metadata, data storage, and data

rescue. Through the lens of the five V’s, volume, variety, velocity,

veracity, and value, we see that the volume and variety have in-

creased significantly, and some aspects of the velocity have in-

creased. Checks of data veracity have become more automated,

transparent, and documented over time. ICES data have always

been of value to its users but the number of secondary uses of the

data have also increased. We have also seen how ICES data more

clearly reflects the FAIR principles over time, going from closed

systems to more accessible systems from the 1990s to the 21st cen-

tury. We can also see how ICES is approaching the ongoing chal-

lenges and opportunities of the 21st century in the spirit of in-

ternational cooperation and collaboration. ICES will continue to

build on its demonstrated capacity and expertise in managing,

preserving, analysing, and interpreting data to provide a variety

of tools and data services, including easy access to data holdings,

for a wide range of users. 
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Figure 11. Internal and external drivers considered in the new organisational strategy for ICES, to be launched in 2027. 

 

I

A
D  

v  

i  

i  

e  

W  

i  

(  

M  

e

C
N

F
D  

A

 

a  

M

D
N  

s

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/83/5/fsag085/8695910 by guest on 13 July 2026
The concept for this paper came up during discussions at the
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