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Abstract 

The significance of global marine education in ocean science and management is critical, especially in regions with weak infrastructure 
and economies. Therefore, knowledge generation as basis to establish and maintain essential research infrastructure, expertise, and 

management systems is crucial. In this context, we present the Polarstern Atlantic Transect Training (PSATT) as a versatile and proven 

shipboard training programme. This training is suitable for medium (50-100 m length, duration of at least5 days) and large ( > 100 m 

length, duration of > 14 days) research vessels, by scaling the modular nature of the educational concept. This programme can be 
adjusted to cater for vessels of various sizes and cruise durations, making it a valuable blueprint for similar marine education initiatives 
at sea. As a result, this tested concept provides an effective and adaptable framework for training at sea; it hasbeen conducted four 
times on board the research vessel (RV) Polarstern in 2015, 2016, 2019 and 2022 and trained so far 97 scholars on board. In this paper, 
we present a straightforward yet efficient framework for training at sea, designed to be inclusive, intercultural and international, as well 
as transdisciplinary and operational on research vessels. This approach aims to contribute to the development of skilled professionals 
in the field of ocean science and management. 
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Abbreviations 

AANChOR: All AtlaNtic Cooperation for Ocean Research 

and innovation 

CSIRO: Commonwealth Scientific and Industrial Re- 
search Organisation 

CTD: Conductivity, Temperature, and Depth 

ECOPS: Early Career Ocean Professionals 
FAO: Food and Agriculture Organization of the 

United Nations 
GMIT: Galway-Mayo Institute of Technology 
IFREMER: Institut Français de Recherche pour 

l’Exploitation de la Mer 
IOC: Intergovernmental Oceanographic Commis- 

sion of UNSECO 

IPBES: Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services 
IPCC: Intergovernmental Panel on Climate Change 
JAMSTEC: Japan Agency for Marine-Earth Science and 

Technology 
NANO: NF-POGO Alumni Network for the Ocean 

NOOA: National Oceanic and Atmospheric Adminis- 
tration 

NERC: Natural Environment Research Council 
NoSoAT: North-South-Atlantic Transect 
PML: Plymouth Marine Laboratory 
m  
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OGO: Partnership for Observation of the Global 
Ocean 

SATT: PolarStern Atlantic Transect Training 
V: Research vessel 
COR: Scientific Committee on Oceanic Research 

oNoAT: South-North-Atlantic Transect 
MART: Strategic Marine Alliance for Research and 

Training 
BT: Expendable BathyThermograph 

ASCAL: West African Science Service Center on Climate 
Change and Adapted Land Use 

ntroduction 

lobal sustainability hinges upon the health and resilience 
f our oceans (OECD 2020 ). Knowledge generation, espe- 
ially in economically disadvantaged regions and countries is 
acking. It is related to the significant challenges of building
nd sustaining essential infrastructure, expertise, and manage- 
ent (Dañobeitia et al. 2023 ). A crucial aspect of these chal-

enges is the imbalance in the global distribution of marine
esearch infrastructure and the number of ocean management 
xperts (UNESCO-IOC, 2015 , 2017 , 2022 ; www.ocean-ops. 
rg/board ). Especially in countries with emerging economies,
any of which have long coastlines and big Exclusive Eco-
tional Council for the Exploration of the Sea. This is an Open Access
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
is properly cited.
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omic Zones (EEZ), this disparity is threatening the regional
esources lacking a strong international impact. This dispar-
ty is further exacerbated by complex political and transna-
ional stakeholder issues that shape how oceans are utilized
nd managed (United Nations 2017b ; UNGA 2013 , 2015 ).
owever, all regions are required to contribute data to global
atabases, following internationally-agreed standards, as well
s its transformation into useful information for decision-
akers (Miloslavich et al. 2019 ). This is linked not only to a

ack of funding and instrumentation in countries with emerg-
ng economies, but also to a lack of scientific personnel capa-
le to collect, analyse, and interpret oceanographic data (Krug
t al. 2021 ). Furthermore, local and international careers in
he ocean sciences are largely unavailable or inaccessible to
nterested students and graduates from countries with emerg-
ng economies as financial and infrastructural resources are
imited (Osborne et al. 2022 ) . Therefore, the significance of
lobal marine education, particularly in the realms of ocean
cience and management, cannot be overstated (Miloslavich et
l. 2018 ). The ability of nations to manage their own coastal
nd marine environments and their resources is vital to the
evelopment and maintenance of national blue economies
ollowing the 2030 Agenda (Miloslavich et al. 2019 , 2022 ).
trengthening education and training for various stakehold-
rs can help to create an appropriately trained workforce able
o develop, implement, and expand blue economies. While
heoretical marine sciences and marine education is well-
epresented in countries with well developed economies and
igh GDP, providing practical and applied oceanographic ed-
cation poses a substantial logistical challenge for educa-
ional institutions even there. One key obstacle lies in pro-
iding students and scholars with training experiences that
irror real-world conditions on board scientific research ves-

els (Hempel et al. 2016 , Calazans 2022 ). Unfortunately, such
pportunities are rare. Due to a severely strict, time effi-
ient schedule of station work on board of research vessels,
ess time is spent on training the next generation of experts.
his emphasizes the importance of shipboard experience
nd shipboard training of young researchers to learn about
cean technologies and simultaneous building a network.
hen available, trainings are usually within the framework

f university teaching, and single berth opportunities (see
able 1 ). 
Apart from the absence of opportunities on board or sea

oing training and infrastructure as operating research ves-
els the greatest issue is the lack of flexible, rigorously tested,
hipboard teaching methods and educational concepts. Thus,
raining is often rather “ad hoc ” and thus less effective. The
evelopment of an effective and useful training programme
s thus pivotal for the seamless integration of education into
he practical work of ocean professionals. Young ocean ex-
erts should have enough knowledge and understanding to
e prepared for interactions with research and ship’s crew at
ea as well as governance and management processes in differ-
nt countries. Therefore, the objectives of the Polarstern At-
antic Transect Training (PSATT) are to provide (1) a sound
nowledge in deploying, using and retrieving instrumenta-
ion at sea and gathering quality controlled data, (2) ensur-
ng that trainees can implement what they have learnt and
3) that trainees can operate in a team, communicate pro-
essionally with persons of different disciplines, nationali-
ies and mind sets even under stressful and time-constrained
onditions. 
p  
The major question arising with ship board trainings is
hat exactly should be taught. In some cases, training pri-
rities are based on national interests. For instance, in Ireland
rainings focus on multidisciplinary surveys including seabed
apping, whereas in Norway fishing assessment is of high in-

erest (Groeneveld and Koranteng 2017 ), and in Japan, a deep
nderstanding of seismic activity relies on developing capacity
or use of sensor arrays and moorings. Keeping this diversity
n mind, we realized the need to develop a flexible shipboard
raining concept. This is based on the premise, that if the ed-
cational structure is sound, then inserting a curriculum of
ifferent topics and specialties should be easy. Overall, a great
egree of flexibility and pragmatism is required when setting
p international ship-board trainings as the “Before-During-
fter” expedition requirements and needed actions will al-
ays be dependent on the disciplines, the overall cruise topic

nd route. 
Additionally, science communication defined as gener-

lly understandable, dialogue-oriented communication of re-
earch and scientific content to target groups outside the sci-
ntific community is essential. Science communication has be-
ome an integral part of scientific research and is included as a
election criterion for many research funding decisions (BMBF
019 ). To cope with general scepticism towards complex sci-
ntific results (Kearns 2021 , Mede 2022 ), science communi-
ation and tailored outreach programmes are essential and
herefore these aspects should be included in the training as
ell. In this article, we outline an effective structure for train-

ng at sea. 

ethodological approach to develop a 

hipboard training 

rogramme development 

n order to design and test the structure of a flexible ship-
oard training, we first refer to successful shipboard train-
ng setups. The Strategic Marine Alliance for Research and
raining (SMART) programme, run in Ireland since 2011,

s a collaborative partnership between the Marine Institute
MI), the Atlantic Technological University (ATU), the Uni-
ersity of Galway (UG), the University College Cork (UCC),
NFOMAR and the Geological Survey of Ireland. SMART
rovides vessel-based training in ocean science for under-
raduates and postgraduates via pooling of infrastructure
nd teaching support. Then, over a period of ten years, as
art of a cooperation between the Alfred-Wegener-Institute,
elmholtz Zentrum für Polar- und Meeresforschung (AWI),

he Nippon Foundation (NF) and the Partnership for Ob-
ervation of the Global Ocean (POGO) ( https://pogo-ocean.
rg/capacity-development/centre-of-excellence/), and in col-
aboration with SMART, Stiftung MERCATOR ( https://www.
tiftung-mercator.de/en/), All-Atlantic Ocean Research and
nnovation Alliance (AANChOR; https://allatlanticocean.
rg/) and more recently the All-Atlantic Floating University
etwork (@SeaNetwork), we set up and tested new ways of

eaching ocean monitoring and in situ sampling. As the first
proof of concept”collaboration, the Atlantic Summer School
n Deep Water Coral Ecosystems was carried out on the RV
eltic Explorer over five days in the Porcupine Bank (NE At-

antic). First operability tests were carried out on five one
r two-week national research cruises on the RV Celtic Ex-
lorer (Ireland) in the Irish Sea. Next training activities in-

https://pogo-ocean.org/capacity-development/centre-of-excellence/
https://www.stiftung-mercator.de/en/
https://allatlanticocean.org/
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luding fish biology and macrofaunal aspects were carried
ut on RV Heincke (Germany) and RV Uthörn (Germany) in
he North Sea, with small groups of international students to
valuate our concept. The modular teaching structure offered
ore than one topic, with different teachers as experts on
oard. Having established this and realizing that sea-sickness
as generally a problem for the scholars in the beginning,
e decided that cruises of at least five days were needed,

n order to allow scholars to get used to the vessel and its
ovements. 
After this “proof of concept” phase, the teaching con-

epts were scaled up for the largest European ship and
n the longest research transect (4–6 weeks) available
o us, namely the RV Polarstern (Alfred-Wegener-Institut
elmholtz-Zentrum für Polar- und Meeresforschung 2017 )
uring her transits between ports. This required funding,
hich was sought from international organisations, such as

he Nippon Foundation and POGO. 30 training fellowships
ere offered in an international tender to participate in the
015 North-South Atlantic Training Transect (NoSoAT). The
ext training transects in 2016 and in 2019 attracted 380
nd 793 applications respectively (from 88 countries) for 25
cholarships respectively. This is an overwhelming demonstra-
ion of the high interest and need for this type of training.
he shipboard training was then tested and implemented as
escribed below, on RV Polarstern (Alfred-Wegener-Institut
elmholtz-Zentrum für Polar- und Meeresforschung 2017 )

n the PS95 (2015), PS102 (2016), PS 120 (2019) and
S 132 (2022) expeditions (Knust and Lochte 2016 , Wilt-
hire et al. 2017 , Wiltshire and Brodte 2020 , Wiltshire and
ummermuth 2023 ). 

re-training cruise planning 

ased on experiences of planning and conducting shipboard
rainings during several expeditions on board the RV Heincke
nd RV Polarstern the following strategic considerations, sam-
ling routines and educational concepts were developed. Be-
ore starting the expedition actually at sea, a period of one to
wo years is needed for preparing this educational expedition
ears. The organisational considerations and issues, which
ay occur, are presented in a flow diagram of process in time

rame in Fig. 1 . 

election of ship and instrumentation for on board 

raining 

he choice of the research vessel includes considerations of
equirements for the successful execution of the training. Es-
ecially, considering that the proposal for ship time needs to
e handed in two years in advance of the expedition, multi-
urpose ships, which are adaptable to various conditions and
opics, are a good, versatile option. The vessels should pro-
ide at least twelve berths for scholars and teachers, and the
perational area should be suitable for the training topic.
he duration of the expedition should include at least five
ays at sea to allow the scholars to adapt to the sea go-

ng conditions during the training and immerse in the board
outine. 

At least a variety of three different main gears or devices
hould be available on board (1) deployment of CTD rosette,
lankton nets, expendable bathythermographs (xBT), (2)
inks to modern technology (e.g. satellite images and sonar
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Figure 1. Flow diagram providing an overview of the steps involved in setting up the training, ensuring that each aspect is carefully planned and 
executed to achieve a successful training programme. 
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devices), and (3) a good balance between low-costs devices 
(Secchi discs and buckets) and high-tech devices, which are 
mostly in the high-cost category, is important (see Table 2 ) 
allowing students to get acquainted with the full spectrum 
f oceanographic instrumentation. Especially the application 

nd use of low cost or cost efficient instrumentation should
e included in the training. Examples of developments of 
hese devices can be found e. g. in the OPENMOD project
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Table 2. Useful marine sampling devices and gear on board a training expedition. 

Gear acronym Interoperability 
Low 

cost Medium cost 
High 
cost Use on station Use En-route 

Multibeam Swath-mapping system 

Atlas Hydrosweep DS-3 
DS3 partly X X 

Single beam echosounder partly X x 
Gravimetry GRAV partly X X 

Magnetometer MAG partly X X 

ParaSound PS partly X X 

Acoustic Doppler Current Profiler ADCP partly X X 

Expendable Bathythermograph xBT Yes x x 
PAR Light meter Yes x x 
Continuous plankton recorder (CPR) CPR Yes X X 

Bucket Yes x x 
Secchi disc Yes x x 
Plankton nets Yes x x 
Water rosette sampler Yes x x 
Conductivity Temperature Density 
Profiler 

CTD Yes x x 

Underway Conductivity Temperature 
Density Profiler 

Underway 
CTD 

Yes x x 
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 https://pogo-ocean.org/innovation-in-ocean-observing/ 
ctivities/openmods- 2- 0- open- access- marine- observation- 
evices-implementation/) or the SAGITTA project
 https://nf- pogo- alumni.org/projects/global- citizenscience/). 
nstruments developed and used in terrestic or limnic fields of
pplication may serve as well as a good cost-efficient option
or sampling in the marine or oceanographic context when
hey are applied to only the upper water layers. 

pecific examples of funding agencies and partners

hipboard training is costly. German and European research
essels can be accessed with a proposal for ship time accord-
ng to their respective guidelines and via web portals ( https:
/www.eurofleets.eu/access/calls- application- procedure/and 

ttps://www.portal-forschungsschiffe.de/en/cruise-proposals. 
tml ). However, each berth dedicated to training is a berth
ess for other professional activities. Only institutions with
ecured funding, together with funding agencies or interna-
ional organisations can offer an/or fund berths for training
 Table 3 ). Inclusive, inter-cultural and international trainings
articularly addressing scholars with little or no financial
pportunities require full scholarships including travel and
ccommodation. 

In 2003, POGO, in partnership with its member Japan
gency for Marine Earth Science (JAMSTEC) offered train-

ng opportunities for 17 young researchers from countries
ith weak economies on the six legs of the circumpolar Blue
Arth GLobal Expedition (BEAGLE) on board the RV Mirai.
ince 2008, POGO established a partnership with Plymouth
arine Laboratory (PML) and National Oceanography Cen-

re (NOC), to guarantee one or two berths for trainees from
ountries with emerging economies on board the annual At-
antic Meridional Transects. In 2009, SMART, a consortium
f Irish Higher Education Institutes and the Marine Institute,
eveloped a series of multidisciplinary marine science training
ourses for university students on board the national research
essels and was part of the Eurofleets programme that deliv-
red “Floating Universities” across Europe. 

In 2014, combining their acquired knowledge, AWI, POGO,
ippon Foundation, Mercator Stiftung, AllAtlanticTraining
rogramme (AtlantOS), SMART, AANChOR and others,
oined efforts on developing training concepts. During the pro-
ess, the need for a platform to aggregate all available op-
ortunities became apparent. In 2017, the AWI, NF, POGO
nd SMART launched the Ocean Training Partnership (OTP,
ttps://www.oceantrainingpartnership.org ). OTP makes both
raining programmes, berths and funding for training inter-
ationally more visible and, to this date, lists over 50 success-
ully delivered shipboard trainings that involved nearly 170
oung researchers over the years. In 2022, the global train-
ng network @SeaNetwork was founded. Run by a governing
oard of volunteer scientists, this initiative is a direct result
nd continuation of the successful training concepts presented
ere and an output of the AllAtlanticTraining programme and
ANChOR. As an implementation of the Belém Statement on
tlantic Research and Innovation Cooperation and a triangu-

ar declaration between South Africa, Brazil and the EU these
rogrammes seek to increase the understanding of the rela-
ionship between marine ecosystems and climate (Claassen et
l. 2019 ) and promote the need for training at different profes-
ional levels (e.g. scholars, young scientists and technicians).
he training of several scholars simultaneously in a group as
 cohort is additional beneficial as they can interact and learn
rom each other. We found that for each training, even though
e had secured core funding, additional financial support was
eeded, along with “in kind” contributions. The most gener-
us volunteer support was provided by the ship crews, other
cientists and especially from the teachers, who received only
ight, food and berth. 

pplication and selection process 

n order to ensure equal opportunities, the calls for applica-
ions to the training expeditions PS95 (2015), PS102 (2016),
S120 (2019) and PS132 (2022) were advertised broadly via
mail and social media. The different social media channels
ere particularly accessible and useful in terms of global dis-

emination, different age and regional groups (Shabir et al.
019 ; Nicholas and Rowland 2011 ). 
The evaluation procedure of the applications mainly fol-

owed the suggestions of Miloslavich et al. (2018) with the
election criteria (1). relevance to research or career, (2) qual-
ty of motivation to join the training, (3). quality of grades,

https://pogo-ocean.org/innovation-in-ocean-observing/activities/openmods-2-0-open-access-marine-observation-devices-implementation/
https://nf-pogo-alumni.org/projects/global-citizenscience/
https://www.eurofleets.eu/access/calls-application-procedure/
https://www.portal-forschungsschiffe.de/en/cruise-proposals.html
https://www.oceantrainingpartnership.org
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Table 3. Examples of institutions with secured funding, funding agencies or international organisations providing support for shipboard training. 

Helmholtz Association of German Research Centres Helmholtz Germany 

Natural Environment Research Council NERC UK 

Centre National de la Recherche Scientifique CNRS France 
Institut Français de Recherche pour l’Exploitation de la Mer IFREMER France 
Commonwealth Scientific and Industrial Research Organisation CSIRO Australia 
National Oceanic and Atmospheric Administration NOOA US 
Japan Agency for Marine-Earth Science and Technology JAMSTEC Japan 
Partnership for Observation of the Global Ocean POGO 

Intergovernmental Oceanographic Commission of UNESCO UNESCO- IOC 

Eurofleets Europe 
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reference letter and (4). experience listed in the CV. With this 
strategy, an applicant with stronger professional potential (e.g.
high grades or good references) and lower chances of taking 
part in scientific expeditions (e.g. parent institutes do not own 

a research vessel) scored highly. 
The reviewing process itself was done by a panel of volun- 

teering scientists also involved in the on-board training and/or 
support of the expedition. The applications were randomly 
partitioned into batches which were reviewed by a team of up 

to twelve reviewers. Once the top 30 candidates had been cho- 
sen, the potential scholars were interviewed to gain an insight 
into their personal attributes, team spirit and general poten- 
tial. 

Choice of training topics/modules and teachers 

The selection of educational subjects and instructors aimed to 

align with societal needs. For instance, in 2016, the focus of 
NoSoAT (PS102) was on addressing climate change following 
the UNFCCC COP-22 meeting in Marrakech. Eminent inter- 
national educators were invited to teach relevant subjects. In 

2019, the SoNoAT training (PS120) emphasized the impor- 
tance of ocean sustainability and supported the global climate 
movements, advocating for a sustainable future. The 2022 

NoSoAT programme (PS132), focused on the theme "Healthy 
and Resilient Ocean," endorsed by the UN Ocean Decade, in 

a dedicated cruise (UNESCO-IOC 2022 , 2021 ). The chosen 

topics always revolved around fundamental concepts, high- 
lighting the ocean’s vital role in Earth’s weather, climate, ter- 
restrial environment, and human sustenance. 

A constant component of this on board training was prac- 
tical oceanography. This module is designed in the same man- 
ner as would be a land-based class, being built around a set of 
defined learning outcomes, which are relevant to global ocean 

observing networks, and that would enable participants to ac- 
quire all the research skills and tools required for example,
to identify and characterize various water masses through- 
out the water column along an Atlantic Transect. The train- 
ing includes introduction to the theory and standard operat- 
ing procedures with regards to the setup, calibration, mainte- 
nance and deployment of CTD equipment, sensors and water 
sampling in open ocean or coastal waters. Students then take 
part in all aspects of the CTD station. Beginning with pre- 
deployment setup and planning, including the examination 

and interpretation of historical data. Followed by the deploy- 
ment of the CTD into the water and selection of the depths 
for the water sampling, and the safe recovery of the CTD from 

water and subsequent water sampling from the Niskin bottles.
The Health and Safety aspects of every activity are also central 
to this module, along with communication skills for shipboard 
ork, with a vocabulary agreed before starting deck work, as
tudents have differing abilities in English and/or German, the 
anguages used onboard. This exercise was crucial for capac- 
ty development in oceanography as it equipped the scholars 
o manage their resources in their home countries more effec-
ively, but also to build the global scientific capacity to moni-
or, manage and adapt to ocean change (Bax et al. 2018 ). 

Our training approach was flexible, adapting to prevailing 
lobal concerns and issues such as COP-22, the Intergovern- 
ental Panel on Climate Change (IPCC), Intergovernmental 

cience-Policy Platform on Biodiversity and Ecosystem Ser- 
ices (IPBES reports), or Marine Plastic Pollution and Marine 
rotected Areas awareness. Topics of regional or temporal rel- 
vance for scholars (e. g. projects or (weather-) events) can be
ntegrated in the educational concept by adapting of change in
odules, e.g. swapping microplastic and eDNA or marine mi- 

robiology. Additionally, maritime law, diplomacy, and regula- 
ions governing sampling in national and international waters 
ere integral to our training. The applications for sampling 

n national waters and for permission under the Nagoya Pro-
ocol are of pivotal importance for the training of the next
eneration of scientists. 

Safety protocols, personal well-being, and effective profes- 
ional communication under stressful sea conditions were ac- 
ively integrated. Conflict management techniques were also 

art of the training curriculum. Furthermore, we emphasized 

he significance of transdisciplinary communication of scien- 
ific matters to the wider public. Participants practised effec- 
ive communication strategies, including social media engage- 
ent, discussions with politicians and diplomats, public lec- 

ures, and video conferences with school children. This holistic 
pproach ensured that our training did not only impart scien-
ific knowledge, but also nurtured essential skills for effective 
ommunication and problem-solving in the field of ocean sci- 
nces. 

valuation of the developed concept on sea 

he Polarstern Atlantic Transect Training (PSATT) was the fi- 
al and most comprehensive product and could be used as a
lueprint for similar capacity development and marine educa- 
ion projects at sea. The PSATT was conducted between the
orts of Bremerhaven and Cape Town ( Fig. 2 ) and consists of
bout 10 stations. 

he PSATT training concept and structure 

he training structure which we developed could easily slot 
nto a ship’s routine sampling and operation. It started with
he adaptation of scholars to professional ship routines and 
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Figure 2. Map of the transect of the PSATT, the dots represent stops for station work along the transect. 10 stations are mandatory, the 11th station is 
optional. 
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roup discussion based on an overall question chosen with
he scholars (e.g.: how does warming affect the biogeochem-
stry of the ocean?). The group session was usually in a short
re-cruise workshop or in the days following departure from
ort. With the ship underway, a rotational training structure
as adopted, with five to six modules related to the overall
uestion ( Fig. 3 ). 
For the NoSoAT and SoNoAT expeditions, on which this

oncept was tested, five modules with groups of five schol-
rs for five days proved to be a very workable option ( Table
 , Table 5 ). 
The modules were very practical in nature and the lec-

ures and discussions related to the data resulting from sam-
ling and en-route measurement. As the training needed to be
ands-on, eleven deep ocean sampling stations for the CTD
nd water-rosette were included. At each station, sampling
ith the 24 Niskin bottles and CTD-derived profiles were con-
ucted by the trainees, as well as subsequent nutrient analyses
n the laboratories. Where possible, underway measurements
ere planned like e.g. XBT deployments, surface water bucket

amples, weather observations, bathymetric surveys and echo
ounding with multibeam or sidescan. Scholars were given
eading materials in advance and encouraged to download
ata from satellites, seabed mapping and underway ship in-
truments from data archives. On-deck and crew communica-
ion skills and safety were taught in real-life situations jointly
ith crew on board the vessels. 

ummary of the PSATT training concept and 

tructure 

e trained 97 young researchers on the training expeditions,
ll of which were invited to join the NF-POGO Alumni Net-
ork for the Ocean (NANO; https://nf- pogo- alumni.org/).
e evaluated the effects of the training via a survey after one

ear ( Fig. 4 ) and found that 88% of the former scholars had
ontinued their careers in climate, ocean or marine research.
9% of the former scholars claimed that the training had a
upportive influence on their careers. We asked the scholar
hat their main intention was to join the shipboard training,
5% named gaining experience on sea and gaining knowl-
dge in observational technologies; 75% stated that “they
ere looking for an opportunity that would give them tools

hat they did not feel were available to them in their home

https://nf-pogo-alumni.org/
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Figure 3. The rotating scheme of groups of scholars between the modules. 

Table 4. List of modules during four expeditions with the overlying topic interlinking Ocean, atmosphere and climate. 

Expedition NoSoAT PS95 NoSoAT PS 102 SoNOAT PS 120 NoSoAT PS 132 

Module 1 Climate system Climate system Climate system Climate system 

Module 2 Oceanography Oceanography Oceanography Oceanography 
Module 3 Remote sensing Remote sensing of ocean and atmosphere Remote sensing of ocean and 

atmosphere 
Modelling 

Module 4 Communication Ocean and climate governance Organisms and microplastics Bathymetry 
Module 5 Foodwebs of the ocean Viewing science and nature through art Data crunching and statistics Microbiology 
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country“. Multidisciplinary, hands-on learning and the inter- 
national intercultural aspects of the expedition were named as 
the personally most appreciated aspects. 

We set out from the beginning to combine both aspects 
of “training” and “science”-driven expeditions under the 
premise of a long-term monitoring programme with rigor- 
ous, scientific quality control of the data. Because of the in- 
sertion of the trainings onto scientific research vessels, we had 

not only trained scientists, but also provided valuable funda- 
mental data sets to the marine community which had been 

archived and made accessible via PANGAEA ( https://www. 
pangaea.de/). These data sets and expeditions are listed be- 
low ( Table 6 ). Data sets include data on deep profiles on 10 

stations (temperature, salinity, pigments, oxygen and in some 
expeditions nutrients) sampled by using the CTD and water 
ampler. Bathymetry data and xBT profiles along the transect 
ere taken as well. Information on plankton (qualitative) and 

icroplastic enroute as well as microbial communities were 
vailable for some of the four expeditions. The data sets are
vailable via PANGEA under the links listed in Table 6 . 

The conducted training expeditions provided the public 
ith valuable and highly visible science, by simultaneously 

eaching the scholars different levels of communication skills.
n terms of social media engagement, which increased from 

015 to 2022, the posts and feeds reached a wide audience.
s on the first hashtag #NoSoAT from the official AWI ac-
ount on X (former Twitter; “@AWI_media”) in total 11 

osts were found. There were 297 engagements including 
ikes, retweets and comments, 12 242 impressions and 688 

nteractions. The next expeditions produced 179 posts with 

https://www.pangaea.de/
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Table 5. Content of possible modules. 

REMOTE SENSING This module introduced to atmosphere and ocean colour remote sensing, satellite sensors such as Ocean and Land 
Colour Imager, and products for ocean colour and aerosols. It also included computer exercises with software for 
satellite data visualisation and processing daily practical measurements of in situ optical ocean colour and aerosols 
parameters with sensors (Ramses, Hamamatsu, Microtops), and analysis of results (blue-green ratio, algae 
algorithms, and aerosol) with programming language Python. 

CLIMATE & 

METEROLOGY 

The climate and meteorology module provided evidence of climate variations on all time-scales, and presented an 
introduction to the physics of the climate system, with a special focus on atmosphere, ocean and ice. Exercises dealt 
with specific climate processes and with the energy balance of the Earth and other planets. In addition, various 
atmospheric measurements were taken and discussed. A standard task was the interpretation of the data from 

radiosonde ascents provided by the weather station of the German Weather Service on RV Polarstern 
MICROBIOLOGY Scholars took water samples and filtered it sequentially through a pore size of 10 μm, 3 μm and 0.2 μm on board in 

the lab. Filters containing the smallest size fraction (3 μm to 0.2 μm) were processed on the ship, beginning with 
DNA extraction, followed by a PCR with barcoded primers and a subsequent gel electrophoresis of the amplicons. 
Unfiltered seawater (750 μl) from different depths were additionally stored in 750 μl glycerol (30%) and frozen, 
and 100 μl was plated to observe CFU growth. At every depth, where the samples for the eDNA were taken, 
samples (filters) for FISH were collected 

COMMUNICATION The scholars were trained in outreach and science communication projects, such as blog writing, social media feeds, 
creating short videos for educational purposes, answering questions from school kids via video conferences. One 
specific outreach activity was the “miniboat” outreach project in collaboration with Educational Passages (USA), 
National University of Ireland (Ireland), Spanish Institute of Oceanography (Spain), South African Environmental 
Observation Network and the Department of Forestry, Fisheries and the Environment (South Africa). School 
children from Germany, Ireland, South Africa, and Spain assembled and decorated 1.5 m long sailboats carrying 
satellite transmitters and sensors for air and water surface temperature, which were shipped to board the cruise. On 
board, the scholars prepared and deployed the miniboats, which sent data and locations to a public webpage. The 
activity included live interactions between the scholars and the children and proved to be an extraordinary 
opportunity for children in different countries to interact with one another, with their local oceanographic 
institution, and with the scientists on board the RV Polarstern. 

OCEANOGRAPHY Scholars were introduced to different sampling concepts, planning, techniques and devices, learning different 
measurement techniques and accuracy, and common oceanographic instrumentation, including CTD and 
flow-through systems (thermosalinograph/Ferrybox). The scholars learned how to identify the different sensors 
(including conductivity, temperature, density, pressure along with an integrated fluorometer for fluorescence 
(Chlorophyll A) and a turbidity sensor.) on the CTD rosette. How to set-up and check a Niskin bottle prior to 
deployment was as well part of this module. They were taught how to plan their bottle sampling strategy on the 
upcast, prior to deployment, based on the expected locations of the different water masses anticipated to be 
encountered at that location. All deck and winch room operations during deployment were explained to the 
students prior to beginning the station and they were taught the basic operations of the Seabird CTD software, the 
event logger on the RV Polarstern and the programmes for post processing of the data into Ocean Data View 

software. The scholars collected water samples for dissolved gases, nutrients and phytoplankton from the Niskin 
bottles for use in this and other modules. Upon completion of the station, the students cleaned the CTD and 
prepared the Niskin bottle set for the next deployment. In this module, the scholars were also taught to deploy the 
xBT and to communicate with the ship’s crew for its safe and successful release. 
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SoNoAT written by 79 users increasing engagement. There
ere 566 engagements and 159.571 impressions reported. In

eneral, 77% of the posts were retweeted. The visibility of
hese expedition in social media were likely much higher, as
osts from POGO, external partners, scholars and teachers
ere not included in this overview. The posted content fo-

used on the scientific results of each expedition edited for
he public audience. Examples of infographic tweets based
n the data collected by scholars on the cruise are given
n Fig. 5 below. 

Apart from using social media channels to target dif-
erent age groups (Kalmus et al. 2013 ), direct engagement
ith school children was established by videoconference ses-

ions involving multiple schools from 2016 to 2022 ( Table
 ). The chief scientist and senior scientists were promot-
ng, teaching and direct live conferencing at different venues
 Table 7 ). 

Numerous blog posts were written by scholars regarding
heir experience on board (group-written) or personal profes-
ional journey (individually written). The blog posts were pub-
ished in the Helmholtz/Polarstern webpage and partly trans-
ated into different languages and, in 2022, in the Polarstern
pp, enabling live tracking including position and weather
ata as well as photos and reports from the ship. 
iscussion 

resently, oceans and their ecosystems face significant chal-
enges due to pollution, warming, and increasing acidity. More
eople than ever are dependent on coastal and shelf seas for
heir livelihoods, in means of transport and resources (Burke
t al. 2001 , Duedall and Maul 2005 ). Ocean and coastal man-
gement policy based on practical knowledge is increasingly
equired to ensure a marine future. This is highly dependent
n provision and maintenance of environmental infrastruc-
ure, management concepts, legislation and especially on well-
rained and practical experts in ocean and coastal environ-
ental science. Developing enduring capacities for observing

nd monitoring the ocean requires investments in people and
heir institutions to build infrastructure, ownership, knowl-
dge and long-term support networks (Bax et al. 2018 ). 

This manifests in a complex marine research environment
ith a great need for applied and practical marine scientific

ducation (Brusca 2024 ). Already in the late 1990s, organiza-
ions such as POGO identified a lack of practical shipboard
raining and education for graduate students (Isensee 2020 ,
rban and Seeyave 2021 ) and set up cooperation in capac-

ty development with the Scientific Committee on Oceanic
esearch (SCOR) (Urban and Seeyave 2021 ). Many institu-
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Figure 4. Evaluation of the shipboard training (voluntary participation one year after successful completion of the shipboard training, n = 31); Answers to 
the question: “How would you judge the impact on your professional and personal development?” The scholars distinguished between the answering 
options the shipboard training had a highly positive impact, a positive impact, a specific impact (specific modules), or no impacts or that they do not 
know. Especially the categories “personal growth” and “awareness of safety issues” were positively named. 
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ional, NGO and private initiatives such as the Nansen Pro-
ramme by the FAO (Groeneveld and Koranteng 2017 ), or the
est African Science Service Center on Climate Change and
dapted Land Use (WASCAL) focus on specific geographical

egions (Olusegun et al. 2017 ). 
In the past 10–15 years large European initiatives such as

urofleets have been very successful in using research ves-
els for training voyages and for specialized on-/inshore ma-
ine training which mainly focus on single persons or small
roups joining expeditions as trainees. One benefit of ship-
oard training in groups is the opportunity for the partici-
ants to build a network amongst peers (Krug et al. 2025 ;
atterthwaite et al. 2022 ). The All-Atlantic Ocean Capacity
evelopment and Training Platform has indicated training at

ea as critical for preparing the new generations of Early Ca-
eer Ocean Professionals (ECOPs). By bringing existing ini-
iatives and programmes together to strengthen further train-
ngs the All-Atlantic Floating University Network was created
@SEAnetwork). 

However, few of these programmes have published the
ethodologies and educational curricula used, or the success

ates of this training. The UN Ocean Decade declared sustain-
ble capacity building as one goal and fostered activities on
apacity exchange, gender equality and inclusive approaches
Ryabinin et al. 2019 ). 

Educational concepts aiming for gender equality, interna-
ionality, and anti-discrimination, as well as on trans- and in-
erdisciplinarity are essential (Wisz et al. 2020 ). This urgency
or fair, cross-disciplinary research is high (Wisz et al. 2020 ).
ven recently launched projects addressing the imbalance in
cientific resources between the countries of high economic
ncome and countries with low economic income still show
nequality in norms, perception and a lack of inclusion (Ma-
ajan et al. 2022 ). 
Overall, with an increasing number of marine experts be-

ng educated worldwide, the demand for usage time on re-
earch vessels for practical training on ships increases as well
as hardly improved (Ryabinin et al. 2019 ). Indeed, although
n the marine sciences, training on research vessels is an es-
ential pillar of science education (Urban and Seeyave 2021 ),
he opportunities for scholars are still rare exceptions. Due to
he high demand of ship time for research it takes immense
fforts and dedicated programmes, as well as personnel to de-
elop and run such training programmes. Notably, ships are
ncreasingly rarely operated by educational institutions. Addi-
ionally, the modern bachelor/master curricula are so tightly
acked, that it is even more difficult for students to participate
n research expeditions (Winter and Anger 2010 , Winter et al.
012 ). 
The Polarstern Atlantic transect training (PSATT) has

hown to be an extremely successful and flexible international
cean training, which can be used as an educational blueprint
or any shipboard training on medium to large research ves-
els. 

The importance of outreach and dissemination of the ob-
ectives and the scientific results cannot be overestimated.
he scholars coming from different regions of the world are
ey communicators towards their local communities and peer
roups. Several scholars have given talks in local schools and
niversities or were featured in local print media (Krug et
l. 2025 ). This aligns with the Sustainable development goals
SDG) report (United Nations, 2017a ) which emphasize the
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Figure 5. Example of an infographic depicting in 2D the temperature change from the bottom of the sea to the top of the atmosphere from 

measurements taken on a sampling day on board. The corresponding X (twitter) post from 09.09.2022 was ”Deep Oceans: still a cold environment. Far 
below the ocean’s surface, at 50 0 0 m deep, the temperature is 2.5◦C. In comparison, at 50 0 0 m altitude, it is −11◦C. In the troposphere at 30 km, our 
weather balloon indicated −40◦C. Are the deep oceans getting warmer? That is the question..”
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importance of activities to educate and reach data users. This 
report clearly separates the use of different media for differ- 
ent target groups. Higher-income countries favoured the use 
of newer, more innovative approaches, such as social media,
publication programmes targeted to specific user groups, live 
chat sessions and podcasts, whereas low- and lower-middle- 
income countries preferred the traditional media appearances.
The communication strategies of PSATT targeted traditional 
as well as newer communication platforms to disseminate the 
results and the objectives. 

By embedding shipboard training into a basin scale merid- 
ional transect, PSATT allows the students to directly assess the 
role such transects have in the Global Ocean Observing Sys- 
em, and this contributes towards Challenge 7 (Sustainably 
xpand the Global Ocean Observing System) of the United 

ations Ocean Decade. The skills and knowledge acquired by 
he students during PSATT, also contributes directly towards 
hallenge 9 (skills, knowledge, technology and participation 

or all). Similarly, students involved in PSATT, become advo- 
ates, influencers and enablers for Challenge 10 (Restore so- 
iety’s relationship with the ocean), through the onboard out- 
each program during the expedition and upon the students 
eturn to their home countries when they discuss and talk
bout their experiences with other ECOPs, family members 
nd the general public. Shipboard mini-projects undertaken 

y the students also often focus on aspects of the UN SDG
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Table 7. Educational outreach activities during the expedition especially towards children and young adults. 

Schools 
Number of schools involved Expedition Country Estimated number of participants Age group 

4 PS102, PS120, PS132 Germany 92 8–15 
8 PS102, PS132 UK 132 8–12 
2 PS102, PS120 Ireland 55 6–12 
2 PS102, PS120 Brazil 45 6–15 
1 PS102 Japan 11 6–11 
1 PS132 Spain 15 8–13 
1 PS95, PS132 South Africa 18 8–14 
Universities 
Expedition Country Estimated number of participants Age group 
PS102 New Zealand 20 Young 

adults 
PS102, PS120 Ireland 30 Young 

adults 
Conferences 
Name Expedition Country Estimated number of participants Age group 
Klimakonferenz 
Wir.Machen.Klima. Leipzig 

PS120 Germany 300 9–18 years 

Presentation at the sustainability 
week of the island of Sylt 

PS132 Germany 240 6–99 

International climate symposium 

(From Copenhagen to 
Katowice—what has been done so 
far) at Klimahouse Conference, 
Bremerhaven 

PS102 Germany 250 12–99 

Live conversation with 
German-ESA Astronaut Alexander 
Gerst 

PS120 350 25–65 

Commocean 2016 PS102 Bruges, Belgium 500 25–66 
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oal 14: Life Below Water related to their home countries or
o activities they are doing as part of the expedition. 

Shipboard training plays a pivotal role in marine science ed-
cation, offering students invaluable hands-on experience in
eal-world marine environments an opportunity not replica-
le within classrooms or laboratories. This practical training
s particularly vital for young scientists from countries with
merging economies, enabling them to acquire skills tailored
o their regional marine ecosystems (Satterthwaite et al. 2025 )
 Several reasons emphasize the importance of shipboard train-
ng, especially for these young scientists: 

1. Exposure to Marine Environments and Ocean Tech-
nologies: Shipboard training immerses students in ma-
rine environments, allowing them to comprehend the
intricacies and diversity of marine ecosystems. It fosters
understanding of challenges such as climate change, pol-
lution, and overfishing. They experience handling with
ocean technologies, deploying and retrieving instrumen-
tation. They learn the application and constrains of de-
vices. 

2. Practical Experience: Students gain practical expertise
in collecting, processing, and analysing ocean data, es-
sential for conducting meaningful research in marine
science. This hands-on experience enhances their un-
derstanding of complex interactions between marine or-
ganisms and their surroundings. 

3. Collaboration Opportunities: Shipboard training en-
courages collaboration with scientists worldwide. Inter-
acting with peers and experts not only enriches their
knowledge but also establishes professional relation-
ships in the field. 
4. Multi-disciplinary Learning: Shipboard training ex-
poses students to various fields, including oceanogra-
phy, marine biology, marine geology, and marine engi-
neering. This interdisciplinary learning is crucial for a
comprehensive understanding of marine science. 

5. Career Development: Shipboard training equips young
scientists with the skills, knowledge and experience
needed for a successful career in marine science. It opens
doors to employment opportunities, networking and re-
search collaborations in the field. 

In summary, addressing gaps in ocean and coastal observa-
ional data requires increased investments, technological ad-
ancements, improved data sharing, capacity building, and in-
ernational cooperation. By implementing these strategies, we
an ensure a robust and comprehensive understanding of our
ceans, facilitating informed decision-making and sustainable
anagement practices. 

cknowledgements 

e would like to thank all participants of the training
ruises for their engagement and enthusiasm especially the
eachers: Rudolf Amann, Alex Baker, Kristine Carstens,

arthe Claussen, Hartwig Deneke, Simon Dreutter, Markus
ifried, Jan El Kassar, Ronny Engelmann, Julian Eschenröder,
tephanie Fiedler, Vera Fofonova, Eva Garcia-Vazquez, Santi-
go Gasso, Peter Gerchow, Michael Ginzburg, Julia Goedecke,
ara Gomez, Clynton Gregory, Maïté Guignard, Moritz
aarig, Jan Hartmann, Claudia Hanfland, Birgit Heim, An-

eke Heins, Juliane Hempelt, Hannah Hoffmann, Antonia
mmerz, Heike Kalesse, Inga Kirstein, Eberhard Kohlberg,
lexandra Kraberg, Sören Krägefsky, Ulrich Küster, Therese



Concept for shipboard training on ocean science 15

 

H
P
b
s
1

R

A

B  

B  

B

B
 

C
 

C  

 

D

 

D  

G  

 

H  

I
 

K

K

K  

 

 

K

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/82/9/fsaf165/8262702 by G
eoforschungszentrum

 Potsdam
 user on 01 O

ctober 2025
Keck, Moritz Langhinrichs, Felix Lauber, Karin Lochte, An- 
dreas Macke, Jörg Matthes, Uwe Nettelmann, Sandi Or- 
lic, Silvia Peters, Lionel Playford, Andreas Raeke, Christian 

Rohleder, Leonard Rössler, Martin Petri, Rene Preusker, Jo- 
hannes Rick, Thomas Ruhtz, Eberhard Sauter, Tim Schauen- 
berg, Mirco Scharfe, Patrick Schwarzbach, Stefan Schwarze,
Dmitry Sidorenko, Heike Simon, Sabine Schlacke, Yvonne 
Schulze Tenberge, Andreas Tschapek, Bärbel Wichmann, An- 
nette Wilson, Heidi Witte–Gaedecke, Thomas Wunderlich, 
Anastasija Zaiko. 

The authors would like to acknowledge all funding agen- 
cies that have contributed to the training programme, par- 
ticularly the Federal Ministry for Education and Research 

(BMBF), Stiftung MERCATOR, the Nippon Foundation and 

the Partnership for Observation of the Global Ocean (POGO) 
who have provided support since the very beginning. The 
authors would like to thank the administration of the Re- 
view Panel German Research Vessels, the operators and ship- 
ping companies of RV Polarstern, RV Heincke as well as 
RV Celtic Explorer for a safe and friendly working environ- 
ment on board the research vessels: Alfred-Wegener-Institut 
Helmholtz-Zentrum für Polar- und Meeresforschung, espe- 
cially the logistics department, Marine Institute Ireland, Laeisz 
and Briese. We also thank the large collaboration networks At- 
lantOS, AANChOR, SMART, NANO, SeaNetwork and con- 
tributing institutions for continuous support in capacity de- 
velopment. 

Author contributions 

Eva-Maria Brodte (Conceptualization [lead], Data curation 

[lead], Funding acquisition [equal], Methodology [equal], 
Project administration [lead], Resources [equal], Visualization 

[lead], Writing – original draft [lead], Maarten Boersma (Writ- 
ing – review & editing [equal]), Peter Croot (Data curation 

[equal], Methodology [equal], Project administration [equal], 
Resources [equal], Validation [equal], Angelika Dummermuth 

(Writing – review & editing [equal]), Lilian Anne Krug (Val- 
idation [equal], Writing – review & editing [equal]), Peter 
Lemke (Data curation [equal], Validation [equal], Writing –
review & editing [equal]), Pauhla McGrane (Conceptualiza- 
tion [equal], Project administration [equal], Sophie Seeyave 
(Writing – review & editing [equal]), and Karen Helen Wilt- 
shire (Conceptualization [equal], Supervision [lead], Writing 
– original draft [equal], Writing – review & editing [equal]) 

Conflicts of interest : None declared. 

Funding 

The expeditions were founded by the Nippon Foundation 

(NF) and Partnership for Observation of the Global Ocean 

(POGO). 

Data availability 

Environmental data are archived, published and disseminated 

according to international standards by the World Data Cen- 
ter PANGAEA Data Publisher for Earth & Environmen- 
tal Science ( https://www.pangaea.de ) within two years af- 
ter the end of the cruise at the latest. By default, the CC- 
BY license will be applied. The data underlying this article 
were accessed from RV Polarstern (Alfred-Wegener-Institut 
elmholtz-Zentrum für Polar- und Meeresforschung ( 2017 ) 
olar Research and Supply Vessel POLARSTERN Operated 

y the Alfred-Wegener-Institute. Journal of large-scale re- 
earch facilities, 3, A119. http://dx.doi.org/10.17815/jlsrf-3- 
63. ). 

eferences 

WI (Alfred-Wegener-Institut Helmholtz-Zentrum für Polar- und 
Meeresforschung) . Polar Research and Supply Vessel PO- 
LARSTERN operated by the Alfred-Wegener-Institute. J Large-Scale 
Res Facil 2017; 3 :A119. https://doi.org/10.17815/jlsrf- 3- 163 

ax NJ , Appeltans W, Brainard R et al. Linking capacity development
to GOOS monitoring networks to achieve sustained ocean observa- 
tion. Front Mar Sci 2018; 5 :346. https://doi.org/10.3389/fmars.20 
18.00346 

urke L , Kura Y, Kassem K et al. Coastal Ecosystems . Washington, DC:
World Resources Institute. ISBN: 1-56973-458-5, 2001. http://pdf. 
wri.org/page_coastal.pdf

MBF (Bundesministerium für Bildung und Forschung) . Grundsatz- 
papier des Bundesministeriums für Bildung und Forschung zur 
Wissenschaftskommunikation . Berlin: Wissenschaftskommunika- 
tion; Wissenschaftsjahre, 2019. https://www.bmbf.de/SharedDocs 
/Publikationen/de/bmbf/1/24784_Grundsatzpapier_zur_Wissensch 
aftskommunikation.pdf?__blob=publicationFile&v=5 

rusca RC . A personal reflection on changes in marine science education 
over the past sixty years ICES Journal of Marine Science, Food for
Thought , 2024; 81 :413–25. https://doi.org/10.1093/icesjms/fsae013 

alazans D . Floating Teaching Laboratory: practice as a teaching qual- 
ification. Arq Ciên Mar Fortaleza 55 (Especial Labomar 60 anos),
2022; 2022 ;492–8. https://doi.org/10.32360/78184 

laassen M , Zagalo-Pereira G, Soares-Cordeiro AS et al. Research and
innovation cooperation in the South Atlantic Ocean. S Afr J Sci . Art.
#6114, 2019; 115 :2. https://doi.org/10.17159/sajs.2019/6114 

añobeitia JJ , Pouliquen S, Pade N et al. The role of the marine research 
infrastructures in the European marine observation landscape: 
present and future perspectives. Front Mar Sci 2023; 10 :1047251.
https://doi.org/10.3389/fmars.2023.1047251 

uedall IW , Maul GA. Demography of coastal populations. In: M.L.
Schwartz (ed.) Encyclopedia of Coastal Science; Encyclopedia of 
Earth Science Series . Dordrecht: Springer, 2005. https://doi.org/10 
.1007/1- 4020- 3880- 1_115 

roeneveld JC , Koranteng KA. The RV Dr Fridtjof Nansen in the West-
ern Indian Ocean: Voyages of Marine Research and Capacity Devel-
opment . Rome, Italy: FAO, 2017.

empel G , Thulin J, Hermes R et al. Large marine ecosystems training
and capacity development. Environ Dev 2016; 17 :322–9. https://do 
i.org/10.1016/j.envdev.2015.07.005 

sensee K . Online Open AccessbookGlobal ocean science report 2020: 
charting capacity for ocean sustainability . Paris: IOC-UNESCO,
2020, 249. https://gosr.ioc-unesco.org/

almus V , Masso A, Lauristin M et al.. Preferences in media use and 
perception of inter-generational differences among age groups in Es- 
tonia: a cultural approach to media generations. Northern Lights: 
Film & Media Studies Yearbook 2013; 11 :15–34. https://doi.org/10 
.1386/nl.11.1.15_1 

earns F . Getting to the Heart of Science Communication- A Guide to 
Effective Engagement . Washington: Island press, 2021.

nust R , Lochte K. The expeditions PS95.1 and PS95.2 of the research
Vessel POLARSTERN to the Atlantic Ocean in 2015. In: Berichte
zur Polar- und Meeresforschung = Reports on Polar and Marine Re-
search . Bremerhaven: Alfred-Wegener-Institut, Helmholtz-Zentrum 

für Polar- und Meeresforschung. 2016; 702 :1–72. https://doi.org/10 
.2312/BzPM_0702_2016 

rug L , Beckman F, Rees A et al. All aboard! providing shipboard tech- 
nical skills while building capacity in ocean observations. Oceanog- 
raphy 2025; 38 :20–25. https://doi.org/10.5670/oceanog.2025.123 

https://www.pangaea.de
http://dx.doi.org/10.17815/jlsrf-3-163.)
https://doi.org/10.17815/jlsrf-3-163
https://doi.org/10.3389/fmars.2018.00346
http://pdf.wri.org/page_coastal.pdf
https://www.bmbf.de/SharedDocs/Publikationen/de/bmbf/1/24784_Grundsatzpapier_zur_Wissenschaftskommunikation.pdf?__blob=publicationFile&amp;v=5
https://doi.org/10.1093/icesjms/fsae013
https://doi.org/10.32360/78184
https://doi.org/10.17159/sajs.2019/6114
https://doi.org/10.3389/fmars.2023.1047251
https://doi.org/10.1007/1-4020-3880-1_115
https://doi.org/10.1016/j.envdev.2015.07.005
https://gosr.ioc-unesco.org
https://doi.org/10.1386/nl.11.1.15_1
https://doi.org/10.2312/BzPM_0702_2016
https://doi.org/10.5670/oceanog.2025.123


16 Brodte et al.

K  

 

 

 

 

M  

 

 

M  

 

M  

 

 

M  

 

M  

 

N  

 

O  

 

 

O  

 

O  

 

 

 

R  

S  

 

S  

 

 

S  

 

 

U  

 

U  

 

 

 

U  

 

 

 

 

 

U  

 

 

U  

 

 

U  

 

U  

 

U  

 

U  

W  

 

 

 

 

W  

 

 

 

 

W  

 

 

 

W  

 

 

 

W  

 

 

 

 

W  

 

 

©

C

i

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/82/9/fsaf165/8262702 by G
eoforschungszentrum

 Potsdam
 user on 01 O

ctober 2025
rug LA , Sarker S, Samiul Huda ANM et al. Putting training into prac-
tice: an alumni network global monitoring program. In: E.S. Kap-
pel, S.K. Juniper, S. Seeyave, E. Smith, M. Visbeck, (eds.), Frontiers
in Ocean Observing: Documenting Ecosystems, Understanding En-
vironmental Changes, Forecasting Hazards . Vol. 34 , pp.18–9. USA:
The Oceanography Society, 2021. https://doi.org/10.5670/oceanog. 
2021supplement.02-08 

ahajan S , Estradivari E, Ojwang L et al. The good, the bad, and
the ugly: reflections on co-designing science for impact between
the Global South and Global North. ICES J Mar Sci 2022;1–4.
https://doi.org/10.1093/icesjms/fsac115 

ede NG . Science communication in the face of skepticism, populism,
and ignorance: what ‘don’t look up’ tells us about science denial—
and what it doesn’t. JCOM 2022; 21 :C05. https://doi.org/10.22323
/2.21050305 

iloslavich P , Bax NJ, Simmons SE et al. Essential ocean variables
for global sustained observations of biodiversity and ecosystem
changes. Glob Change Biol 2018; 24 :2416–33. https://doi.org/10.1
111/gcb.14108 

iloslavich P , Seeyave S, Muller-Karger F et al. Challenges for global
ocean observation: the need for increased human capacity. J Oper
Oceanogr 2019; 12 :S137–56. https://doi.org/10.1080/1755876X.2 
018.1526463 

iloslavich P , Zitoun R, Urban ER et al. Developing capacity for
Ocean science and technology. In: E.R. Urban, V. Ittekkot (eds.),
Blue Economy . Singapore: Springer, 2022. https://doi.org/10.1007/ 
978- 981- 19- 5065- 0_15 

icholas D , Rowlands I. Social media use in the research workflow.
Inf Serv Use 2011; 31 :61–83. https://doi.org/10.3233/ISU- 2011- 062
3 

ECD . Sustainable Ocean for All: Harnessing the Benefits of Sustain-
able Ocean Economies for Developing Countries . Paris: TheDevel-
opment Dimension, OECD Publishing, 2020. https://doi.org/10.178
7/bede6513-en 

sborne T , Pattiaratchi C, Meyer-Gutbrod E et al.. Limited oppor-
tunities and numerous barriers to ocean science careers in under-
resourced nations. Oceanography 2022; 35 :230–1. https://doi.org/ 
10.5670/oceanog.2022.117 

lusegun CF et al. WASCAL—West African Science Service
Center on Climate Change and Adapted Land Use . 10.5.
2017. Bonn, Deutschland: Subsidiary Body for Scientific and
Technological Advice (SBSTA), Ninth meeting of the Research
Dialogue, 2017.

yabinin V et al. The UN decade of ocean science for sustainable de-
velopment. Mar. Sci. 2019; 6 :470.

atterthwaite EV , Robbins M, Crespo GO et al. ICES Journal of Marine
Science, Food for Thoughts 2025; 82 :fsae201. https://doi.org/10.109
3/icesjms/fsae201 

atterthwaite EV , Komyakova V, Erazo NG et al. Five actionable
pillars to engage the next generation of leaders in the co-design
of transformative ocean solutions. PLoS Biol 2022; 20 :e3001832.
https://doi.org/10.1371/journal.pbio.3001832 

habir G , Iqbal YW, Safdar G Demographics’ Differences in social net-
working sites use: what communication motives does it gratify?. Int
J Soc Work Hum Serv 2019; 2 :184–94. https://doi.org/10.13189/ijr
h.2014.020503 

nited Nations , The First Global Integrated Marine Assessment: World
Ocean Assessment I . Cambridge: Cambridge University Press,
2017a. https://doi.org/10.1017/9781108186148 

nited Nations , Report of the United Nations conference to support the
implementation of sustainable development goal 14: conserve and
sustainably use the oceans, seas and marine resources for sustainable
The Author(s) 2025.Published by Oxford University Press on behalf of International Council for th

reative Commons Attribution License ( https://creativecommons.org/licenses/by/4.0/), which permits

s properly cited. 
development . New York: United Nations, 2017b. https://digitallibra
ry.un.org/record/1301296?ln=en 

NGA . Final Report of the Sixth Workshop Held under the Aus-
pices of the United Nations in Support of the Regular Process for
Global Reporting and Assessment of the State of the Marine En-
vironment Including, Socioeconomic Aspects . Brisbane Australia:
Cambridge University Press, 25-27 February 2013 (A/67/885).
2013. https://www.un.org/depts/los/global_reporting/australia_201
3/Workshop_in_Australia.pdf

NGA . Transforming our world: the 2030 agenda for sustainable devel-
opment’. Resolution adopted by the general assembly A/RES/70/L.1.
25 sept 2015. In: 70th Sess, Agena Items 15 and 116 . UNGA
A/RES/70/l. 2015.

NESCO-IOC . Transfer of Marine Technology: Knowledge Sharing
and Capacity Development for Sustainable Ocean and Coastal
Management . Paris: UNESCO, 2015. https://unesdoc.unesco.org/a
rk:/48223/pf0000232586.locale=en 

NESCO-IOC . Global Ocean Science Report . L. e. a. Valdes. Paris:
IOC-UNESCO, 2017. https://unesdoc.unesco.org/ark:/48223/pf000
0250428 

NESCO-IOC . The United Nations Decade of ocean science for
Sustainable Development (2021-2030) Implementation Plan. IOC
Ocean Decade Series , UNESCO, Paris. 2021; 20 .

NESCO-IOC . Ocean Decade Progress Report 2021–2022 . Paris:
UNESCO-IOC, 2022. https://unesdoc.unesco.org/ark:/48223/pf000
0381708 

rban E , Seeyave S. Visiting scientists provide capacity development:
lessons learned by POGO and SCOR. Oceanography 2021; 34 :44–
52. https://doi.org/10.5670/oceanog.2021.306 

iltshire KH , Eva-Maria B, Annette W et al. The Expedition PS102 of
the research Vessel POLARSTERN to the Atlantic Ocean in 2016.
In: Berichte zur Polar- und Meeresforschung = Reports on Polar
and Marine Research , Alfred-Wegener-Institut, Helmholtz-Zentrum
für Polar- und Meeresforschung. 2017; 713 :1–99. https://doi.org/10
.2312/BzPM_0713_2017 

iltshire KH , Brodte E-M The Expedition PS120 of the research Ves-
sel POLARSTERN to the Atlantic Ocean in 2019. In: Berichte zur
Polar- und Meeresforschung -Reports on Polar and Marine Re-
search , Bremerhaven: Alfred-Wegener-Institut, Helmholtz-Zentrum
für Polar- und Meeresforschung. 2020; 740 :1–58. https://doi.org/10
.2312/BzPM_0740_2020 

iltshire KH , Dummermuth A The Expedition PS132 of the research
Vessel POLARSTERN to the Atlantic Ocean in 2022. In: Berichte
zur Polar- und Meeresforschung = Reports on Polar and Ma-
rine Research , Bremerhaven: Bremerhaven, Alfred-Wegener-Institut
Helmholtz-Zentrum für Polar- und Meeresforschung, 2023; 771 :1–
46. https://doi.org/10.57738/BzPM_0771_2023 

inter M , Anger Y Studiengänge vor und nach der Bologna-Reform.
Vergleich von Studienangebot und Studiencurricula in den Fäch-
ern Chemie , Maschinenbau und Soziologie (HoF-Arbeitsbericht
1/2010). Wittenberg: Hrsg. vom Institut für Hochschulforschung
(HoF) an der Martin- Luther-Universität Halle-Wittenberg, 2010.

inter M , Rathmann A, Trümpler D et al. Entwicklungen im
Deutschen Studiensystem—Analysen zu Studienangebot, Stu-
dienplatzvergabe, Studienwerbung und Studienkapazität (HoF-
Arbeitsbericht 7’2012) . Halle-Wittenberg: Hrsg. vom Institut für
Hochschulforschung (HoF) an der Martin-Luther-Universität,
2012.

isz MS , Satterthwaite EV, Fudge M et al. 100 Opportunities for
more inclusive ocean research: cross-disciplinary research questions
for sustainable ocean governance and management. Front Mar Sci
2020; 7 :576. https://doi.org/10.3389/fmars.2020.00576 
Handling editor: Rebecca Shellock 

e Exploration of the Sea. This is an Open Access article distributed under the terms of the 

 unrestricted reuse, distribution, and reproduction in any medium, provided the original work 

https://doi.org/10.5670/oceanog.2021supplement.02-08
https://doi.org/10.1093/icesjms/fsac115
https://doi.org/10.22323/2.21050305
https://doi.org/10.1111/gcb.14108
https://doi.org/10.1080/1755876X.2018.1526463
https://doi.org/10.1007/978-981-19-5065-0_15
https://doi.org/10.3233/ISU-2011-0623
https://doi.org/10.1787/bede6513-en
https://doi.org/10.5670/oceanog.2022.117
https://doi.org/10.1093/icesjms/fsae201
https://doi.org/10.1371/journal.pbio.3001832
https://doi.org/10.13189/ijrh.2014.020503
https://doi.org/10.1017/9781108186148
https://digitallibrary.un.org/record/1301296?ln=en
https://www.un.org/depts/los/global_reporting/australia_2013/Workshop_in_Australia.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000232586.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000250428
https://unesdoc.unesco.org/ark:/48223/pf0000381708
https://doi.org/10.5670/oceanog.2021.306
https://doi.org/10.2312/BzPM_0713_2017
https://doi.org/10.2312/BzPM_0740_2020
https://doi.org/10.57738/BzPM_0771_2023
https://doi.org/10.3389/fmars.2020.00576
https://creativecommons.org/licenses/by/4.0/

	Abbreviations
	Introduction
	Methodological approach to develop a shipboard training
	Evaluation of the developed concept on sea
	Discussion
	Acknowledgements
	Author contributions
	Funding
	Data availability
	References

