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Abstract: The Marine &tions Helgoland and Sylt are permanent coastal stations in the German Bight
operated as one joint research infrastructure by the Alfred Wegener Institute Helmholtz Centre for
Polar and Marine Research (AWI). Using both stations, the sauatst region othe North Sea and its
ecosystem featureare tightly monitoredvia ecological time series, which are recorded and made
available to government offices, professional associations, and research instituteswided The
stations are a hub for national antahsnational access for guest researchers and visiting scientists in
the German Bight. For over fifty years, the stations have served as centres of student education by
providing facilities for university courses. The stations operate the coastal rese@stels Mya I,
Uthérn and Aade. The Biologische Anstalt Helgoland (BAH) is home to the AWI Centre for Scientific
Diving, which conducts, promotes, and supports divelated underwater science within the
framework of all AWI research themes. The BAH is@home to the school laboratory OPENSEA,
which offers high school students a scientific environment to explore marine science. The Wadden
Sea Station on the island of Sylt offers 24 seawater mesocosms for ecological studies of future climate
scenarios. Polic outreach centres are associated with both locations (BLUEHOUSE and
Erlebniszentrum Naturgewalten)

1 Introduction

The Marine Station Helgoland “ Bi ol ogi s c he Andghe ¥Whdden Hea IStgtion Sylb d ™ )
(“Wattenmeer st at i domm allargestale reSearchtinfrgstructuwegoperatee loy the

Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research (AWI). Since 1892 on
Helgoland, one of the oldest marine stations in the world, scientists have been investigating skelf sea
anduniquecest al environments. |In 1892 the “Bianl ogi sch
togetherwi t h t he “ Me er e s ghe firdt faciity Was apaned{ ®alewgski 04 7). th 1924

the BAH was extended to include Waddeédea and oyster researctvith the addition of the
“Wattenmeerstation” i n ahintegtal.partlofthe AWI9 8, t he BAH be

The marine stations on Helgoland and Syibuse key infrastructure for fulfilling scientific,
educational, societal and logistic obligatioascording to the statutes of the AVéind the Helmholtz
Association The BAH has a long traditiorof generatng, archiving and analyfng marine, ecological

time series The first temperature and salinity time series were started in 1873. The earliest macroalgal
data were also collected in the 19th century. In 196% of the most important time seriggobally,

the sacalled Helgoland Roads time series on plankton i#gted. The time series Helgoland Roads

and Sylt Roads are characterized by a unique combination of length, temporal resolution, and level of
detail (range of parameters).
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Figure2: Wadden Sea Station on Sylt (Picture: AWI, GSMH

2 Research capacities for work at the marine stations Helgoland and Sylt

The portfolio of the stations comprises personal, remote and virtual access to field samples and data,
as well as the provision of modern infrastructure for advanced work in the context of coastal research
(laboratories, testing devices, standard sampjimgcedures, seawater supply, temperature constant
rooms, research vessels, accommodation etc.). In addition to the basic facilities, visiting scientists have
access to nutrient analyses, mierand molecular biology laboratories through cooperation with-on

site scientists and, uniquely, to outdoor mesocosms capable of simulating ocean warming and
acidification under various tidal conditions. The research vessels can be requested for short research
cruises to take pelagic or benthic samples.

User getaccesso the facilities for service requesis the user portalwww.accessinfra.awi.de

Both Marine Stations contritie to national and international projects and networks as e.g. the
German Marine Research Consortium, German Marine Research Alliance, European Marine Research
Network, European Network of Marine Stations and the World Association of Marine Stations.
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2.1Long-term observatories

Helgoland Roads

The Helgoland Roads timgeries, locatedt 5411'Nand 7°54'E, is one of the richest temporal marine
datasets availabldt is registered in theDynamic Ecological Information Management Systelfite

and datasetegistry (DEIMS)asan information management system poweredddyTER The data set
comprises a phytoplankton time series (started in 1962 and sandiédduring the work weelf and

a zooplankton time series (started in 1975 and sampled three times a vaémk] with time series for
inorganic nutrients(nitrite, nitrate, phosphate, silicate, ammoniunsglinity and temperatureAlso,
several shorter time serie@.g. Chlorophylla and other data from ferrybox systemsnd spatie
temporal datasets exisand Helgoland scientists are jointly setting standards by linking these data
through detailed documentation, quality control and data management to facilitate detailed analyses
of long-term ecological change and their societal consequernezddition to these core time series,
bacterial counts have also been carrieat for over 40 years, although this time series lasently

been discontinuedGerdts et al. 20Q4ucas et al 2015 ucas et al 201@anos et al 2020An overview

of the microbialp ar amet ers acquired at the sampling stat
1962 until todayis given in Gerdts et al 200Fhe macroalgal and macrobenthos communitiesre
investigated periodicallyBartsch& Kuhlenkamp 200 ranke et al2004. However, the fact that the
'Helgolander Felswatt' is the only habitat of thigoe in Germany, makes this data set all the more
valuable.The high sampling frequency of the Helgold Roads time series has provided a unigue
opportunity to study longterm trends in abiotic and biotic parametdiRaabe and Wiltshire 200&n
Beusekom et al. 200@/iltshire & Manly 2004 Wiltshire et al 201} but also ecological phenomena,
such as sespnal interactions between different food web compongitsersma et al 2015reund et

al 2012 Kraberg et al 209), niche properties, and the dynamics and timing of the spring bloom
(Braiwer et al 2023Meunier et al. 201,&charfe et al. 201%eelinget al 2012Wiltshire et al. 2008 It

has also facilitated close examination of the dynamics of new species appearing in the local ecosystem.

Sylt Roads

The Sylt Roads time series is closely related to the Helgoland Roads time series and comprises an
almost identical parameter set. Sylt Roads was initiated in 1974. Its main station located in the Sylt
Ramg bight close to List/Sylt (R8N and 8°46E) is generally sampled twice a we@k in DEIMS.

The measured parameters comprise phytoplankton, zooplankton, water temperature, salinity, pH,
Chlorophyll a and nutrient ifitrite, nitrate, phosplhate, silicate,ammoniun) analyseqBalkoni et al

2023, de Amorimand Wiltshire et al2023 van Beusekonet al 2019) The plankton timeseries is
augmented by gelatinous zooplankton, meroplankton, primary productivity, fish monitoring,
macroalgae, macraand microzoobenthqgroviding a unique opportunity to investigate loAgerm
changes at arcosystem scal@rmonies et al. 2023, Martens et al 2008; Rick et al. 2023)

Monthly transect cruises

Additionally, monthly transect expeditions from Helgoland to the Elbe (Cuxhaven) and Eider rivers
have been carried owpntinuouslysince the beginnig of the 1980s, monitoring the coastal transition
zone(Lucas et al 2016ncreasingly, timeseries data are generated with the assistance of autonomous
measuring systems, like e.gFarry Box system on the passenger vessel HELGOLAND

Description of thetime series are given in the Dynamic Ecological Information Management System
- Site and dataset registry (DEIMSDR) and LTER.
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The ecological timeseries researcht Helgoland and Sylt Roagsoduces extremely valuable data
used by science, public authorities, educational institutions, and national/international organizations.
The data are archived in the World Data CenBANGAEAand can be accessed via tinarine-data
portal. To make information about and the knowledge resulting from the HR and SR LTER time series
findable and accessible for the sdific community and other interested stakeholder groups
meaningful and reproducible data products were already compiled for selected parameters of the LTER
time series of HR and SRhe resulting data products are presented on two dashbodfieédgbland
Roads Dashboar&ylt Roads Dashboardvhere information about the time series, ngaaltime data

and the data products are consolidated.

The coastal longerm observatories contribute to the analysis and knowledge transféong-term
environmental trends and marine processes in cooperation and exchange with local authorities (e.g.
Bundesamt fur Seeschifffahrt und Hydrographie/BSH, Umwelttesamt/UBA) and national and
international institutions (e.g. Sir Alister Hardy Foundation for Ocean Scieb®efFOS National
Oceanic ad Atmospheric AdministrationNOAA), boards (e.g. International Council for the
Exploration of the Se#CESIntergovernmental Oceanographic Commission of the United Nations
Educational, Scientific and Cultural Organizatit@C-UNESCQ and networks (e.g. Lonterm
ecologcal Research GermariyTERD, European Marine Observation and Data Netw@&kODnet

World Register of Marine Speci®&&ORMS.

2.2 Guest research and education

T h e s teducatianal mffastructure course andgeminarrooms- is regularly used for university
practical courses anfield excursions, scientific workshops and seminargchinical support and
service for visiting scientists and university courses are complemenyettcess to biological material
at both stations. The supply of marirsourced material is possible both -gite and by shipment.
Capacities for university coursesnclude two course rooms for 2025 participantsincluding
supervisors on Helgolan&ndone course room fot8 participantsincluding supervisor®on Sylt.All
course rooms are equipped with microscopes, loiculars, a taxonomic library, wet lab area with
running seawater and equipment for field worRccess to the fields assisted by the guest research
team.

Samplingwithin the nature reservéHelgoland is regulated according to theandesverordnung tber
das Naturschutzgebiet "Helgolander FelssockélApril 24,1981in 85. However, research activities
and teaching at théiologische AnstalHelgoland(including necessanexperimental arrangemenys
are allowed Sampling in the Schleswiblolstein Wadden &a National Paraccording to the'Gesetz
zum Schutz deschleswigHolsteinischen Wattenmeeréof December 17, 199kst amended by
ordinance of January 16, 2018 regulated in § Pérmitted measures and uses, exceptions,
exemption$. Within the natimal park, research is permittegoursuant to 8 2 para. 2: protection,
maintenance and development measures of the authority responsible for the national park and the
long-term observations approved by it, including research work


http://dx.doi.org/10.17815/jlsrf-8-184
https://creativecommons.org/licenses/by/4.0/
https://www.pangaea.de/
https://marine-data.de/
https://marine-data.de/
https://dashboard.awi.de/?dashboard=34404
https://dashboard.awi.de/?dashboard=34404
https://dashboard.awi.de/?dashboard=38606
http://www.globalcpr.org/about-gacs/sahfos.aspx
https://www.noaa.gov/
https://www.ices.dk/Pages/default.aspx
https://ioc.unesco.org/
https://www.ufz.de/lter-d/index.php?en=42518
https://emodnet.ec.europa.eu/en
https://www.marinespecies.org/

Journal of lage-scale research facilities, 8184 (2@3

Laboratories

Well-equipped laboratories are offered to individual guest researchers and university courses at both

marine stations

http://dx.doi.org/10.17815/jls18-184

freeze dryer)

Lab Equipment Helgoland Sylt
specification

Wet lab Aquaria, scales, pumps, siev, 2 1
Dry lab Microscopes, binocular 4 1
Chemistry lab Centrifuges, dry cabins 1 (muffle furnace, 1

Scientific cold

Freezer20°C;60°C;80°C

2(-20°C;60°C;80°C)

2 (20°C;80°C)

storage
Temperature Defined temperature betwee| 1 1
constantrooms | -2°C and 22°C, runnin
seawater, fresh watel
pressure air
Constant X X
running
seawater
supply

Figure4: Students determining species with binoculars in the course r@@hoto: AWI)

Ot
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School laboratory

The school lab OPENSEA offers a scientific environment to explore marine science, thereby promoting
young peopl es’ scientific thinking. I n cl ose
experiences outside the classroom for high school graduates with special interests in natural science
and marine biology. With hands on experiments in the fiefddn the lab(HoRle et al 2021, Thiel et

al 2023) OPENSEA provides agtghs to the syllabus for high school graduates, and encourages the
scholars to actively ask scientific questions, conduct practical biological and chemical experiments,
collect field data to find conclusive answers, and to foster scientific thinking. Scholars are introduced

to ecological processes very close to current research topics and learn more about the urgent need to
protect the oceans.

Figure5: School lab OPENSEA taking samples in the intertidal (Picture: Uwe Nettelmann, AW

2.3 Material Dispatch

Institutes and univerities from all over Germany (and increasingly Europe) hawdgh demandor
living and/or fixed biological material for teaching purposes. The Biologische Anstalt Helgoland
operates a material dispatch and supply service that enables researchers anglleadess to acquire
such material. The BAWaterial Dispatchtries to process all inquiries, but strictly adheres to existing
species protection regulations. Accordingly, species that are on the reddishot be supplied.
Conserved and living zoologicataterial, botanical material (living macroalgae), seawater, as well as
sediment are offered on a material list and shipped to the requesting institution.

© ’
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Figure6: Conserved specimens in glass jars for university usage (Picture: Uwe Nettelmar

2.4 Mesocosms

The AWI Sylt Outdoor Mesocosms (AWISOM) consist of 24 identical mesocosms, each with 1800 | sea
water volume and a lighpermeable cover. Each mesocosm carutate tides and currents to recreate
conditions as natural as possible for the experimental communities contained within (Pansch et al
2016). Furthermore, it is possible to precisely regulate temperature, carbon dioxide concentration and
nutrients within each basin. A multiparameter probe continuously monitors and automatically records
pH, salinity, oxygen content and temperature. The mesocosms are operated seasonally from April to
October to study the influences of simulated environmental changes (IP@tel scenarios) on
species communities of the Wadden Sea. In winter, AWISOM is shut down to protect the electronics
and technology from coldelated damage. However, in addition to the 24 outdoor tanks, there are six
further tanks in a large greenhousehare it is possible to conduct experiments in winter e.g. to study
the effects of warmer winters. The AWI team has used this facility to test, among other things, the
impact of various future scenarios released by the IPCC (Intergovernmental Panel onedGimenge)

on marine life (Di Pane, 2022; Fuxjager et al. 2019; Moreno et al. 2022).
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Figure 8: Six additional mesocosms in a greenhouse can be used for experiments studying tr
of warmer winters (Picture: Esther Horvath, AWI)
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2.5 AWI Centre for Scientific Diving

With more than 1300 scientific dives per year, t8entre for Scientific DivinglAWI-CSD)is the
central platform for all scientific diving related activities at the AWI. The CSD is located on Helgoland
where excellent training and research facilities are available in combination with the Biologische
Anstalt Helgoland. In addition, ta AWI-CSD operates permanent dive bases in Bremerhaven and Sylt,
as well as temporary dive bases. With currently 12 certified "Dive Mission Leaders", the AWI CSD is
one of the main scientific diving facilities in Europe and conducts professional undersesearch

in all oceans of the world. The main goals of the AWI Center for Scientific Diving are to conduct,
promote and support diver related underwater science within the framework of the AWI research
topics. As an official education centre for Sciemtibiving in Germany (certified by thé&erman
Examination Board for Scientific Divirgall scientific dives at the AlfrellVegenerinstitute are done
within the framework of theGerman regulations for Scientific Diving DGUV Rules 101 i@3ased

by the Statutory Accident Insurance in close cooperation with@erman Commission for Scientific
Diving.

The AWI-Centre for Scientific Divingorovides highlytrained yearround scientific diver support for

the setup and maintenance of sensors and experimental equipment within the MarGate underwater
experimental area off Helgoland (Fischer al 2020, Fischer et al 2021). The area is abd@®0irx

size, located between 5 and 10 m water depth, and is officially classified as a maritime exclusive zone
for ship traffic. Six tetrapodields have been installed in 5 and 10 m water depth to study the effects
of artificial breakwaters on the shalv water fish and macranvertebrate community. Since summer
2012, the MarGate field contains the fir@erman underwater node systemievelogd in the
framework of COSYNA This system provides continuous and manageable power and network access
at 10 separate underwater mutable docking ports, each providing 48v/200W and 100 MBIt/1 GBit
network connection. Eeh port can be individually addressed and managed by its registered user
(sensor owner) from anywhere in the world to remotely control and manage even complex sensor
units. As well as basic hydrographical parameters from the area, the AWI operates mskipser
systems for the main abiotic and biotic variablésniperature salinity, depth, tide, turbidity, oxygen,
chl-a fluorescence3D-current) in near real time (about 1 h delay).

Figure 9: Diver with photo equipment (Picture: AWI)
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3 Concluding remarks and f uture development

The Marine Stations Helgoland and Syiave excellent facilities with a lonterm institutional and
governmental commitment. Theypromote a wide range ofesearch topics rad experimental
approaches. Osite, scientists jointly set standards pyoviding these datdor research and science.
This entailsdetaileddocumentation, quality control, and data management to facilitate analyses of
long-term ecological changes and their societal consequefitesMarine Sations Helgoland and Sylt
will continue
1 operaing long-time data series and improve the services preddo internal and external
users
1 and extend the support for use and decisimiaking by science, society, and politics
1 and improve the provided services to external visitors
1 supplying educational institutions and universities with material and providing thest
possible service and information
1 providing a hospitable environment for education and ongoing capacity development
building, and for more intensified international (transnational) cooperation

Besides contination of their operational function, bdt marine stations will intensify their
international collaboratios. Joint strategies and developments provide a strong infrastructure with
immense futurepotential Facilitating exgagement with stakeholdersand governing bodiesn
discussionsas well aproviding pivotal data products is a priority.

@ 11


http://dx.doi.org/10.17815/jlsrf-8-184
https://creativecommons.org/licenses/by/4.0/

Journal of lage-scale research facilities, 8184 (2@3 http://dx.doi.org/10.17815/jlst8-184

References

Armonies, W.; Buschbaum, C.; Mielck, F.; Rick, J. J. (2@28Busc shell detritus affects benthic
subtidal community dynamics in the Northern Wadden Skkrine Biodiversityp32), 18671624.
http://dx.doi.org/10.1007/s125222013014

Balkoni, A., Guignard, M. S., Boersma, M., & Wiltshire, K. H. (2023). Evaluation of different averaging
methods for calculation of ratios in nutri¢rdata. Fundamental and Applied Limnolodyo6 (31),
195203 http://dx.doi.org/10.1127/fal/2023/1487

Banos S, Gysi DM, Richtéteitmann T, Glockner FO, Boersma M, Wiltshire KH, Ge@tsWichels
A, Reich M. Seasonal Dynamics of Pelagic Mycoplanktonic Communities: Interplay of Taxon
Abundance, Temporal Occurrence, and Biotic Interactions. keantn Microbiology, 26(11), 1305.
http://dx.doi.org/10.3389/fimmu.2020.01305

Bartsch, I., Kuhlenkamp, R000)The marine macroalgae of Helgoland (North Sea): an annotated list
of records between 1845 and 199%elgoand Marine Resarch, 54, 166-189.
http://dx.doi.org/10.1007/s101520000050

Boersma, M., Wiltshire, K.H.; Kong-8.; Greve, M. and Renz, J. (2015). tiamm change in the
copepod community in the southern German Bightournal of SeaResearch 1014150.
http://dx.doi.org/10.1016/j.seares.2014.12.004

Briwer, J. D., Orellana, L. H. , Sidhu, C. , Klip, H. C. , Meunier, C. L., Boersma, M. , Wiltshire, K. H. ,
Amann, R. andruchs, B. M. (2023): In situ cell division and mortality rates of SAR11, SARS86,
Bacteroidetes, and Aurantivirga during phytoplankton blooms reveal differences in population
controls , mSystems§ (3),e0128701222http://dx.doi.org/10.1128/msystems.012Z87

de Amorim, F. D. L. L., Wiltshire, K. H., Lemke, P., Carstens, K., Peters, S., Rick, J., ... & Scharfe, M.
(2023).Investigation of marine temperature ahges across temporal and spatial Gradients:
Providing a fundament for studies on the effects of warming on marine ecosystem function and
biodiversity. Progress in Oceanography, 208080http://dx.doi.org/10.1016/j.pocean.2023.103080

Di Pane, J, Wiltshire, K. H., McLean, M., Boersma, M., Meunier, C. L. (2022). Environmentally induced
functional shifts in phytoplankton and their potential consequences for ecosystem functioning
Global Chang8iology 288), 28042819 http://dx.doi.org/10.1111/gcb.16098

Fischer, P., Dietrich, P., Achterberg, E. P., Anselm, N., Brix, H., Bussmann, I., Eickelmann, L., Floser
G., Friedrich, M., Rust, H., et 021). Effects of Measuring Devices and Sampling Strategies on the
Interpretation of Monitoring Data for Longrerm Trend Analysig-rontiers in Marine Sciencel884
2021 http://dx.doi.org/10.3389/fmars.2021.770977

Fischer, R Brix, H, Baschek, BKraberg, A, Brand, M, Cisewski, B.Riethmiiller, R.Breitbach, G.
Moller, K. O, Gattuso, J. PAlliouane, S.van de Poll, W. Hand Witbaard, R.(2020)Operating
Cabled Underwater Observatories in Rough Sisd& Environments: A Technological Challenge,
Frontiers in Marine Science 7,. 5&p://dx.doi.org/10.3389/fmars.2020.00551

12 @


http://dx.doi.org/10.17815/jlsrf-8-184
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1007/s12526-022-01301-4
http://dx.doi.org/10.1127/fal/2023/1487
http://dx.doi.org/10.3389/fimmu.2020.01305
http://dx.doi.org/10.1007/s101520000050
http://dx.doi.org/10.1016/j.seares.2014.12.004
http://dx.doi.org/10.1128/msystems.01287-22
http://dx.doi.org/10.1016/j.pocean.2023.103080
http://dx.doi.org/10.1111/gcb.16098
http://dx.doi.org/10.3389/fmars.2021.770977
http://dx.doi.org/10.3389/fmars.2020.00551

http://dx.doi.org/10.17815/jIst8-184 Journal of largescale researcfacilities, 8§ A184(2@3

Franke, H. D., Buchholz, F. and Wiltshire, K. H. (2004): Ecologicatéomgresearch at Helgoland
(German Bight, North Sea): retrospect and prospeat introduction,Helgoland Marine Research,
58,223229 http://dx.doi.org/L0.1007/s1018040197z

Freund, J. A.Grlner, N, Briuse, Sand Wiltshire, K. H. (2012).Changes in the phytoplankton
community at Helgoland, North Sea: lessons from single spot time saniaglysesMarine Biology,
159(11), 2562571 http://dx.doi.org/10.1007/s002P1 220137

Fuxjager, L., Wanzenbdck, S., Ringler, E., Wegner, K. M., Ahnelt, H. and Shama, L.N.SVita01.9).
generation and transgenerationglasticity of mate choice in oceanic stickleback under climate
change. Philosophical Transactions  of  the Royal Society  3724180183.
http://dx.doi.org/10.1098/rstb.2018.0183

Gerdts, G., WichelsA., Dopke, H. et al. 49ear longterm study of microbial parameters near
Helgoland (German Bight, North Sea): historical view and future perspectivelgoland Marine
Research 5830-242 (2004 http://dx.doi.org/10.1007/s1018%40189z

HoRle, C., Wichels, A., Winkler, H., Thiel, L., Kieserg, C., & Fischer, M. (2021). Das Plastik Bilemma
Planspiel mit Lernsequenzen zum Thema "PlastikMeer" fir den Naturwissenschaftsunterricht
der Sekundarstufe Il. U. Schneider (Ed.), Schneider Verlag Hohengehren.

Kraberg, A.Kieb, U, Peters, Sand Wiltshire, K. H.(2019)An updated phytoplankton cheelkst for
the Helgoland Roads time seriestgia with eleven new records of diatoms and dinoflagellates,
Helgoland Marine Resear¢B(1).http://dx.doi.org/10.1186/s10162 905288

Loder, M, Meunier, C, Wiltshire, K. H, Boersma, Mand Aberle, N.(2011).The role of ciliates,
heterotrophic dinoflagellates and copepods in structuring spring plankton communities at
Helgoland Roads, North Sddarine Biologyl58 15531580 http://dx.doi.org/10.1007/s002P71 1
16702

Lucas, J., Wichels, A., Teeling, H., Chafee, M., Scharfe, M. and Gerdts, G. (2015): Annual dynamics of
North Sea bacterioplankton: seasonal variability superimposes gbkar variation,FEMicrobial
Ecology, 9http://dx.doi.org/10.1093/femsec/fiv099

Lucas, J., Wichels, A. and Gerdts, G. (2016): Spatiotemporal variation of the bacterioplankton
community in the German Bight: from estuarine to offshore regiddsigoland Marine Researc
(16) http://dx.doi.org/10.1186/s10164 604649

Lucas J, Koester |, Wichels Miggemann JDittmar T, Callies UWiltshire KH and Gerdts G (2016)
ShortTerm Dynamics of North SeBacterioplanktonDissolved OrganidMatter Coherence on
Molecular LevelFronters inMicrobiobgy, 15¥), 321 .http://dx.doi.org/10.3389/fmicb.2016.00321

Martens, Pyan Beusekom, J.E.E. Zooplankton response to a warmer northern Waddéte®gdand
Marine Research 62775 (2008 http://dx.doi.org/10.1007/s101-6D 700970

Meunier, CLAl varez- Fernandez, S., Cunha-Dupont, A.O.
al. (2018). The craving for phosphorus in heterotrophic dinoflagellates and its potential implications
for biogeochemical cyclekimnol. Oceanog63, 1774784 http://dx.doi.org/10.1002/In0.10807

®


http://dx.doi.org/10.17815/jlsrf-8-184
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10152-004-0197-z
http://dx.doi.org/10.1007/s00227-012-2013-7
http://dx.doi.org/10.1098/rstb.2018.0183
http://dx.doi.org/10.1007/s10152-004-0189-z
http://dx.doi.org/10.1186/s10152-019-0528-8
http://dx.doi.org/10.1007/s00227-011-1670-2
http://dx.doi.org/10.1007/s00227-011-1670-2
http://dx.doi.org/10.1093/femsec/fiv099
http://dx.doi.org/10.1186/s10152-016-0464-9
http://dx.doi.org/10.1007/s10152-007-0097-0
http://dx.doi.org/10.1002/lno.10807

Journal of lage-scale research facilities, 8184 (2@3 http://dx.doi.org/10.17815/jlst8-184

Mieruch, S.Freund, J. AFeudel, UBoersma, MJanisch, SandWiltshire, K. H.(2010): A new method
of describing phytoplankton blooms: Examples from Helgoland Rodwmsnal of Marine Systems,
79 3643.http://dx.doi.org/10.1016/].jmarsys.2009.06.004

Moreno, H. D.Koéring, M, Di Pane, JTremblay, N, Wiltshire, K. H, Boersma, MandMeunier, C. L.
(2022): An integrated multiple driver mesocosm experiment reveals the effect of global change on
planktonic food web  structure, Communications Biology 5 (1), 18671624.
http://dx.doi.org/10.108/s4200822031055

Pansch, A., Winde, V., Asmus, R. and Asmus, H. (2016): Tidal benthic mesocosms simulating future
climate change scenarios in the field of marine ecoldgmnology and Oceanography: Methods, 14
(4),25%267 .http://dx.doi.org/10.1002/lom3.10086

Raabe, T. and K.H. Wiltshire. 2008. Quality control and analyses of thedomgnutrient data from
Helgoland Roads, North Sea. Journal of Sea Research 61, 316.
http://dx.doi.org/0.1016/j.seares.2008.07.004

Rick, J. J., Scharfe, M., Romanova, T., van Beusekom, J.E.E., Asmus, R., Asmus, H., Mielck, F., Kamp,
A., Sieger, R., Wiltshire, K. H. (2028n evaluation of longterm physical and hydrochemical
measurements at the Sylt Roads Marine Observatory (BY®), Wadden Sea, North SEarth
System Science Ddtg3),10371L057 http://dx.doi.org/10.5194/essib-10372023

Salewski, C.(2017). Die stille Frilhgeschichte der Biologischen Anstalt Helgoland: Uber ihre
Entstehung 1892 und uber die Wiederaufnahme ihrer Arbeit 1945, 125 Jahre Meeresforschung
Helgoland, AlfredWegenerinstitut. https://hdl.handle.net/10013/epic.51600

Scharfe, MandWiltshire, K. H.(2019). Modeling of intrannual abundance distributions: Constancy
and variation in the phenology of marine phytopikton species over five decades at Helgoland
Roads (North Sea), Ecological Modellin 404 4660.
http://dx.doi.org/10.1016/j.ecolmodel.2019.01.001

Teeling, H, Fuchs, B. M.Becher, D.Klockow, C, Gardebrecht, A.Bennke, C. M.Kassabgy, M.
Huang S, Mann, A. J.Waldmann, JWeber, M, Klindworth, A., Otto, A, Lange, JBernhardt, J.
Reinsch, CHecker, M, Peplies, JBockelmann, F. DCallies, U.Gerdts, G.Wichels, A, Wiltshire,
K. H, Glockner, F. Q.Schweder, Tand Amann, R.(2012).SubstrateControlled Succession of
Marine Bacterioplankton Populations Induced by a Phytoplankton BloBoience336(6081), pp.
608611 .http://dx.doi.org/10.1126/science.121834

Thiel, L., Fischer, M., Hossle, C., Kieserg, C., Winkler, H., & Wichels, A. (2023). Umweltbildlusg
der Forschung in die Gesellschaft Wissenstransfer am Beispiel der Plastikmillproblematik in
Flisserund Meeren. MNWournal, 01.2023, -26b.

van Beusekom, J.E.E., Loebl, M. & Martens, P. (2D@@ant riverine nutrient supply and local
temperature drive the longerm phytoplankton development in a temperate coastal basmurnal
of Sea Research B&33.http://dx.doi.org/10.1016/].seares.2008.06.005

van Beusekom, J., Carstensen, J., Dolch, T., Grage, A., Hofmeister, R., Lenhart, H., Kerimoglu, O., Kolbe,
K., Patsch, J., Rick, J., Rdnrgnd Ruiter, H. (2019): Wadden Sea Eutrophication: {Jarg Trends
and Regional DifferenceBrontiers in Marine Scien@. http://dx.doi.org/fmars.2019.00370

:



http://dx.doi.org/10.17815/jlsrf-8-184
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/j.jmarsys.2009.06.004
http://dx.doi.org/10.1038/s42003-022-03105-5
http://dx.doi.org/10.1002/lom3.10086
http://dx.doi.org/10.1016/j.seares.2008.07.004
http://dx.doi.org/10.5194/essd-15-1037-2023
https://hdl.handle.net/10013/epic.51600
http://dx.doi.org/10.1016/j.ecolmodel.2019.01.001
http://dx.doi.org/10.1126/science.121834
http://dx.doi.org/10.1016/j.seares.2008.06.005
http://dx.doi.org/fmars.2019.00370

http://dx.doi.org/10.17815/jIst8-184 Journal of largescale researcfacilities, 8§ A184(2@3

Weber, U., Attinger, S., Baschek, Bojke, J., Borchardt, D., Brix, H., Briiggemann, N., Bussmann, I.,
Dietrich, P., Fischer, P., et MIOSES: A Novel Observation System to Monitor Dynamic Events
Across Earth Compartment8ulletin of the American Meteorological Soci#68 (2),339348.
http://dx.doi.org/10.1175/BAMB-20-0158.1

Wiltshire, K. H, Kraberg, A, Bartsch, |.Boersma, M Franke, H. D.Freund, JGebuhr, C.Gerdts, G.
Stockmann, KandWichels, A.(2010): Helgolantbads: 45 years of changestuaries and Coasts 33,
295310 http://dx.doi.org/10.1007/s1228D39228y

Wiltshire, K.H. & Manly, B.F.J. (2004). The warming trend at Helgoland Roads, North Sea:
Phytoplankton responsédelgoland Marine Researéi8, 26273 .http://dx.doi.org/10.1007/s10152
00401960

@ 15


http://dx.doi.org/10.17815/jlsrf-8-184
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1175/BAMS-D-20-0158.1
http://dx.doi.org/10.1007/s12237-009-9228-y
http://dx.doi.org/10.1007/s10152-004-0196-0
http://dx.doi.org/10.1007/s10152-004-0196-0

