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Det 18. danske Havforskermgde

VELKOMMEN

Pé vegne af arrangementskomitéen vil vi byde velkommen til Det 18. Havforskermeade. En sarlig
velkomst skal lyde til Klima-, Energi- og Bygningsminister Rasmus Helweg Petersen og de 3 key-
note speakers, der alle er medvirkende til at lofte medet op ad den politiske og videnskabelige
dagsorden. Ogsa velkommen til vores sponsorer og udstillere, der sammen med de mange posters er

medvirkende til at skabe liv og debat i Rotunden i lebet af mededagene.

En stor tak til alle jer, der bidrager til en overflod af faglige indlaeg. Vi har i ar mere end 80 foredrag
og 40 posters pd programmet, hvilket er ssmmen hgje niveau, som de foregdende havforskermeder

kunne byde pa. Deltagerantallet er ligeledes i1 top med ca. 300 registrerede deltagere.

Den store tilslutning giver et meget tet pakket program, da vi har prioriteret at give plads til alle de
tilmeldte praesentationer. Foredragene holdes i 2 parallelle sessioner i henholdsvis Festsalen og Au-
ditorium A. Der forestdr derfor en mindre trappetur (med indlagt motion) pa vej fra den ene sal til
den anden. Vi skal pga. af det taette program opfordre alle foredragsholdere til at overholde taletiden

pa max. 20 min. inklusiv spergsmaél. Ordstyrerne vil udvise en vis strenghed af samme grund.

Rammen for medet, Oster Voldgade 10, rummer to af Geocenter Danmarks partnere, De Nationale
Geologiske Undersogelser for Danmark og Grenland (GEUS) og Institut for Geovidenskab og Na-
turforvaltning (IGN). Derudover rummer bygningen Gefion Gymnasium med mere end 1100 ele-

Ver.

Som deltager i havforskermadet vil du derfor i lebet af de 3 dage opleve masser af liv af unge stu-
derende, som har deres daglige gang i huset. Tag godt imod dem, maske nogle af dem kunne blive

inspireret til at blive en af fremtidens havforskere.
Vi enske alle et godt og udbytterigt mode.
Arrangementskomite:

GEUS - De Nationale Geologisk Undersggelser for Danmark og Grgnland
Jorgen O. Leth

Kaarina Weckstrom

Ann-Barbara Skjenaa

IGN - Institut for Geovidenskab og Naturforvaltning, Kgbenhavns Universitet
Thorbjern Joest Andersen

Institut for Plante- og Miljgvidenskab, Kgbenhavns Universitet

Marianne Ellegaard
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Onsdag den 28. januar

FESTSALEN

AUDITORIUM A

8:00 REGISTRERING.
Kaffe og croissant ved ankomst
10:00 Abning og velkomst
Direktgr Johnny Fredericia
10:15 Key note speaker 1
Marit-Solveig Seidenkrantz
10:30  Praktisk info + rokering
Klima Fisk og fiskeri
11:00 Sedimentary bedforms as indicator of high-energy Arstidsvariationen i den kystnzere fiskefauna og an-
deep water flow in the North Atlantic vendligheden af snorkling som metode.
Antoon Kuijpers & Tove Nielsen Tore Hejl Holm-Hansen
11:20 Fer vikan forudsige fremtidens klimaeffekter ma vi Udbredelsen af Trawlfiskeri i Kattegat
forsta fortidens andringer
Flemming Mghlenberg Christina D. Pommer, Michael Olesen og Jgrgen L.S.
Hansen
11:40 National flood risk mapping of the Danish coastline Relativ forekomst af fiskesamfund i en dansk fjord —
med speciel fokus pa Europaeisk al og sortmundet
kutling
Kaija Jumppanen Andersen, Matthew Earnshaw & Carlo  Mads Christoffersen, Niels Jepsen, Michael Ingemann
Sarensen Petersen, Josianne Stgttrup, Malte Dorow
12:00 Coastal realignment at Gyldensteen Strand - a large- /Zndringer i habitatkvalitet for rédspaetteyngel i kyst-
scale ecological experiment omrader langs Nordsgen
Erik Kristensen, Mogens R. Flindt, Marianne Holmer, Josianne G. Stgttrup, Masashi Kodama, Colin Stedmon,
Thomas Valdemarsen, Sandra W. Thorsen Peter Munk
12:20 Klima og gener: perspektiver fra pukkellaks Turning pests into protein — starfish by-product man-
agement in the Danish mussel industry
Morten T. Limborg Isla Fitridge, Carsten Fomsgaard, Henrik Gislason,
Camille Saurel, Jens Kjerulf Petersen
12:4Q The effect of zooplankton on the efficiency of the Distribution and economic feasibility of the produc-
biological carbon pump tion of the Calanoid copepod Acartia tonsa
Marja Koski, Lene Mausson Pankoke, Bellineth Valencia Per M. Jepsen
Ramirez, Julia Boutorh
13:00  Klima-, energi- og bygningsminister, Rasmus Helveg Petersen
13:20 Frokost
Arktis Havforurening |
14:2(0 Biotilgengelighed og mikrobiel nedbrydning af orga- Mikroplastik i havmiljget - Metode til kvantificering af
nisk materiale i en hgjtaktisk fjord, Young Sound mikroplastik i havvand, blamusling og fisk.
Sophia Elisabeth Bardram Nielsen, Maria Lund Paulsen, Sune Agersnap & Jakob Strand
Eva Friis Mgller, Colin Stedmon, Aud Larsen, M
14:4Q Struktur og aktivitet af det mikrobielle samfund gen- Genetablering af danske kystnaere marine gkosyste-
nem den isfrie periode i en hgjarktisk fjord (Young mer efter reduktion af naeringsstoftilfgrsler: udvikling
Sund, N@ Grgnland) og tidsforsinkelser i indikatorer
Maria Lund Paulsen,Colin Stedmon, Sophia Bardram Bo Riemann, Jacob Carstensen, Karsten Dahl m.fl.
Nielsen, Mathias Middelboe, Eva Friis Mgller, Aud
Larsen, Mikael Sejr
15:00 Environmental effects of oil spill responses in the Pkologiske og sociopkonomiske oliespildsfglsomme
Arctic - A large mesocosm study in Svalbard omrader i Nordsgen
Morten Hjorth, Kirstine Underbjerg,; Torkel Gissel Niel- Linda Bistrup Halvorsen, Morten Hjorth, Carsten Jiirgen-
sen sen
15:20 Vandloppers rolle i kulstofomszetningen i en hgjarktisk  Biological responses to dioxin-like compounds and
fjord, Young Sound, Nordgstgrgnland PAHs in eelpout Zoarces viviparus
Ane Bruun Middelbo, Mikael Kristian Sejr, Kristine Engel ~ Zhanna Tairova & Jakob Strand
Arendt, Eva Friis Mgller
15:40 Changes in the freshwater inventory of the Young Integrerede metoder til vurdering af belastning af

Sound-Tyroler fjord system (NE Greenland): evidence
Stedmon, C.A., Sejr, M., Juul Pedersen, T.

miljgfarlige stoffer og deres biologiske effekter
Jakob Strand & Martin M. Larsen




16:00 Kaffepause
Havbund og sediment Havforurening Il
16:20 Integrated benthic habitat mapping in selected Natura  Impacts of the local environment on recruitment - a
2000 areas in the Danish waters comparative study of North Sea and Baltic Sea
Zyad Al-Hamdani, Jgrn Bo Jensen, Sara Skar, Michael Bo  Lauréne Pécuchet, J. Rasmus Nielsen, and Asbjgrn
Rasmussen, Cordula G. & Karsten Dahl. Christensen
16:40 Monitoring of sediment dynamics during disposal of Acoustic tags on wild harbour porpoises reveal con-
dredged harbour sediment in Port of Esbjerg, Denm text-specific reactions to ship noise
Ulrik Lumborg, Hans Jacob Vested, Signe Marie Ingvard-  Jonas Teilmann, Danuta Maria Wisniewska, Mark
sen Johnson, Lee Miller, Ursula Siebert, Rune Dietz, Signe
17:00 Virkning af sedimentspild pd lysforhold og vaekst af Effekter af multiple stressorer pa alegraes

makroalger, eksempel fra Femern Bzelt.

Anne Lise Middelboe, Flemming Mghlenberg, Erik Koch
Rasmussen, Mads Birkeland

(Zostera marina L.)

Sgren Laurentius Nielsen, Farhan Khan, Gary Banta,
Annemette Palmqvist

17:30-20:00

Poster session og sandwich og drinks



Torsdag den 29. januar

FESTSALEN

AUDITORIUM A

Kaffe og croissant ved ankomst

9:00 Key note speaker
Katherine Richardson
Uddannelse, formidling og
infrastruktur
9:40 Dansk Center for Havforskning
Dennis Lisbjerg og Anders Beck Jgrgensen
Integrated management |
10:00 Forskning pa Den bl Planet Design af fremtidens Danmark - Integreret forvaltning
af vores natur og landskab med fokus pa udledning af
nzeringsstoffer og miljgtilstanden i havet
Peter Gravlund Stiig Markager et al.
10:20 Open Marine Science Trofiske kaskadeeffekter fra top-down og bottom-up
forcering pa lavere trofiske niveauer i Kattegat
Ivo Grigorov et.al Berit Hasler, Jens Kjerulf Petersen, Marianne Zandersen
m.fl.
10:4Q Forskning, turisme og uddannelse: Biologi i Bglgehgjde = Modelling nutrient loading of Danish Marine Waters
Carsten Fomsgaard, Paula Canal-Vergés, Pernille Niel- Hans Estrup Andersen, Dennis Trolle, Hans Thodsen,
sen, Mia Gommesen og Jens Kjerulf Petersen Shenglan Lu
11:00 Slaget om havet. Den nye tilgang til anvendelsen af Presfaktorer pa miljget i Limfjorden - betydning af
sgterritoriet. fiskeriet pa udvalgte nggleparametre
Laura Storm Henriksen, Thorsten Piontkowitz, Anne Jens Kjerulf Petersen, Paula Canal-Vergés, Grete E.
Villadsgaard, Bertram Tobias Hacke, Carlo Sgrensen Dinesen
11:20 Kaffepause
Kystzonen Ny teknologi -1
11:40 Kystnzere stenrev — en oversigt over deres historiske The use of Agent-Based Modelling in marine manage-
skaebne, nuvarende status og biologiske betydning ment: applications and perspectives
Claus Stenberg, Karsten Dahl, Zyad Al-Hamdani, Flem- Flemming Thorbjgrn Hansen
ming Mghlenberg og Josianne Stgttrup
12:00 Adfard hos torsk pa et kunstigt stenrev i et baglokale Phytoplankton productivity quantified from chloro-
pa den BIa Planet phyll fluorescence
Mikael van Deurs, Claus Stenberg, Patrizio Mariani, Kasper Hancke, Tage Dalsgaard, Mikael Sejr, Stiig
Christian Mohn, Xerxes Mandviwalla, Flemming Thor- Markager, Ronnie N Glud
bj@rn Hansen, Peter Gravlund, Josianne Stgttrup
12:20 Vigtigheden af habitatkompleksitet i kystnaere omra- Modeling the spectral absorption of colored dissolved
der organic matter (CDOM)
Louise D. Kristensen, Josianne G. Stgttrup, Claus Sten- Philippe Massicotte and Stiig Markager
berg & Peter Grgnkjaer
12:40 Pkologiske konsekvenser af hgj pH pa marine copepo-  Multi-Detect: a New Detection Method for Multibeam
der Sonars
Hansen B.W., Hansen, P.J., Nielsen T.G. Pim Kuus
13:00 !Intern hydraulisk kontrol i Lillebzelt. Strgmningskonfi- Capacity of high-resolution data and modelling tech-

gurationer og vandmasser.

Morten Holtegaard Nielsen, Lars Chresten Lund-Hansen
og Torben Vang

niques to predict drivers and distributions of vulnera-
ble deep-sea ecosystems

Christian Mohn et al.




13:20 Frokost
Integrated management Il Biodiversitet |
14:20 Valuation of marine ecosystem services: recreational Bakterier associeret med copepoder - analyseret vha.
ecosystem services and water quality 2. generations sekvensering
Berit Hasler, Heini Ahtiainen, Mia Thanning Olsen, m.fl. Alf Skovgaard, Julia N. A. Dorosz, Josue Leonardo Cas-
tro-Mejia, Lars Hestbjerg Hansen og Dennis Sand
14:40 Synergies and trade-offs in water quality and climate De toksiske egenskaber for Karlodinium spp.
change mitigation policies
Maria Konrad, Hans Estrup, Steen Gylderkzrne, Mette Sofie Bjgrnholt Mogensen, Per Juel Hansen, Bent Vis-
Termansen mann, Terje Berge, Nikolaj Gedsted Andersen
15:00 lLarval grazing on zooplankton from a spatial model of Populationdynamik af bgrsteormen Pygospio elegans i
the North Sea larval community Isfjord og Roskilde Fjord
Asbjgrn Christensen, Marie Maar, Anna Rindorf, Eva Anne Thonig, Gary T. Banta, Jenni E. Kesdniemi, K. Emily
Friis Mgller, Kristine S. Madsen, and Mikael van Knott & Benni W. Hansen
15:20 Estimering af zooplankton dgdelighed i en 3D gkosy- The effect of sub-mesoscale spatial heterogeneity on
stemmodel ved at anvende en rumlig- og tidslig var phytoplankton diversity in the North Atlantic
Marie Maar, Anna Rindorf, Eva Friis Mgller, Asbjgrn Erik Askov Mousing, Katherine Richardson, Jgrgen
Christensen, Kristine S. Madsen og Mikael van Bendtsen, Ivona Cetinic, Mary Jane Perry
15:40 Kaffepause
Integrated management Ill Biodiversitet I
16:00 Muslinger som marint virkemiddel til fiernelse af Kvaelstoffiksering hos cyanobakterier og heterotrofe
nzeringsstoffer — miljpeffekter pa fjordskala bakterier i kystnaere danske farvande
Karen Timmermann, Karsten Bolding, Marie Maar, Bentzon-Tilia M, Traving SJ, Mantikci M, Knudsen-
Janus Larsen og Jens Kjerulf Petersen Leerbeck H, Hansen JLS, Markager S, Riemann L.
16:20 Potentiale for optimering af muslingeopdrzt i forhold Evolution of narrow band - high frequency hearing in
til et mere arealintensiv virkemiddel til naeringsstof- odontocetes
fjernelse.
Pernille Nielsen, Peter J. Cranford, Marie Maar, Jens Lee A. Miller, Anders Galatius, Morten Tange Olsen,
Kjerulf Petersen Rachel Ann Racicot, Mette Steeman
16:40 Blue mussel (Mytilus edulis) growth at various salinity Fronts in Danish waters
regime determined by a Dynamic Energy Budget
Camille Saurel, Marie Maar, Anja Landes, Per Dolmer Henrik Skov, Mai-Britt Kronborg, Thomas Uhrenholdt
and Jens Kjerulf Petersen
17:00 Limfjordens macroalgae, facts and fiction. Ny forstaelse for dlens tidlige opvaekst i Sargassoha-
vet.
Paula Canal-Vergés, Annette Bruhn, Juan Canal-Vergés, Peter Munk
Jens Kjerulf Petersen
17:20 Ikke-marin underholdning
18:30

FESTMIDDAG OG DANS



Fredag den 30 januar

FESTSALEN

AUDITORIUM A

Kaffe og croissant ved ankomst

9:00 Key note speaker
Daniel Conley
Dansk Havstrategi | Anoxia / @stersgen
9:4(Q Fraforste generation til anden generation af marine Fgrste videnskabelige boringer i den danske havbund
vandplaner
Erichsen,A.C. ,Timmermann, K.,Christensen, J.,Kaas, H.,  Bo Barker Jgrgensen
Larsen, T.C.,Markager, S. & Mghlenberg, F. et al.
10:00 Det empiriske modelgrundlag for 2. generations The pull-apart Bornholm Basin
vandplaner
Jesper Philip A Christensen, Stiig Markager, Ciaran Jarn Bo Jensen, Matthias Moros, Sandra Passchier
Murray og Karen Timmermann
10:20 Koncept for miljgvurdering af marine omrader udvik- Anoxia-mediated release of dissolved organic matter
let for 2. generation af vandplaner og beregning af from sediments in the Baltic Sea
ngdvendige reduktion i naeringsstoftilfgrsler for opna-
else af god gkologisk tilstand
Stiig Markager, Karen Timmermann, Anders Erichsen, Heather E. Reader and Colin A. Stedmon
Hanne Kaas, Jesper P. A. Christensen & Ciaran Mur
10:40 Beregning af indsatsbehov for kvaelstof - baseret pa Estimating the methane flux distribution in marine
mekanistiske modeller sediments of the Bornholm Basin, Baltic Sea by com-
bining sediment acoustics with direct methane meas-
urements
Erichsen, A.C., Kaas, H., Larsen, T.C. & Mghlenberg, F. Karen Marie Hilligsge, Timothy G. Ferdelman, Henrik
Fossing, Jorn Bo Jensen m.fl.
11:00 Beregning af God-Moderat graensen for klorofyl i lltsvind
danske havomrader
H. Kaas, K. Timmermann, A.C. Erichsen, J. Christensen & Jens Wiirgler Hansen og Henrik Fossing
S. Markager
11:20 Kaffepause
Dansk Havstrategi Il Stofkredslgb
11:40Q Total kvaelstof og fosfor koncentrationer i Danske Primary production in oligotrophic regions of the
fjorde over 23 ar - effekten af belastningsreduktioner ocean may be greater than previously estimated
Ciaran Murray, Jesper P. A. Christensen, Stiig Markager, ~ Katherine Richardson and Jgrgen Bendtsen
Karen Timmermann
12:00 Cumulative impacts predict biodiversity status in Size-fractionated production and bioavailability of
space and time in the Baltic Sea: implications for dissolved organic matter
J.H. Andersen, B.S. Halpern, S. Korpinen, C. Murray & J. Helle Knudsen-Leerbeck, Deborah A. Bronk, Stiig Mark-
Reker ager
12:20 Novagrass, modellering af alegraes i Danske Fjorde. Flexsem — dynamisk gkologisk modellering for alle
Erik Kock Rasmussen, Mogens Flindt, Kadri Kuusemde, Janus Larsen
P. Canal-Vergés
Ny teknologi -2
12:40 Modelanalyse af Lake Maracaibo (Venezuela) indike-
rer at N omsatningen pavirkes af algers praeferens for
NO3 og dissimilativ reduktion af NO3 til NH4 (DNRA) i
det iltfrie bundvand.
Wayne H. Slade, Yogi C. Agrawal, Ole A. Mikkelsen Erik Kock Rasmussen & Thomas Uhrenholdt
13:30

Afslutning ved Torkel Gissel Nielsen, DNO
(sandwich og drikkevarer medbringes)



ABSTRACTS
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Mikroplastik i havmiljget - Metode til kvantificering af mikroplastik i havvand, blamusling og
fisk.

Sune Agersnap & Jakob Strand

suneagersnap@gmail.com

This study examines the methods used for identifying microplastic in marine biota. The

methods were modified and used in a pilot-study describing the occurrence of microplastic

in seawater and biota on two coastal locations near Copenhagen. Coastal seawater, blue

mussles (Mytilus edulis), eel pouts (Zoarces viviparous), sculpin sp.(Cottidae sp.) and Atlantic cod
(Gadus morhua), were examined for microplastic in the organism.

For improving detection of microplastic, organic matter was removed using an alkaline

sodium hypochlorite solution (NaClO). After removal of organic matter, samples were

filtered and examined under microscope at 40x. For blue mussel the whole organism was
analyzed, and stomach and gut was analyzed on fish. The organisms were pooled by species.

It is shown that microplastic is present in both coastal seawater and biota. Chemical digestion using
base seems to be the best method to remove organic material and make identification of micro-
plastic possible. This study discusses the need for improving methods to identify and characterize
microplastic.
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Integrated benthic habitat mapping in selected Natura 2000 areas in the Danish waters

Zyad Al-Hamdani', Jorn Bo Jensen', Sara Skar', Michael Bo Rasmussen?, Cordula Goke? og
Karsten Dahl?.

" Geological Survey of Denmark & Greenland (GEUS) azk@geus.dk
2 Nationalt Center for Miljo og Energi (DCE), Aarhus Universitet. kda@bios.au.dk

The Nature Agency of Denmark (NS) has endeavoured to map the Natura2000 areas in the Danish
waters. This is a critical step toward fulfilling the Danish commitment to the EU Habitats Directive.
The mapping is also considered as an important contribution to the MSFD and the new Marine Spa-
tial Planning Directive which aims at applying ecosystem based approach for supporting sustainable
development and growth in the maritime sector.

GEUS has contributed in all the mapping campaign launched by the NST from 2010 by conducting
geophysical survey in the North Sea 2010, in the Kattegat and southern Baltic Sea in 2011, in the
near-shore areas in 2012, and recently in the Danish inner waters in 2014 (Figl).

In 2014 GEUS and DCE carried out a mapping campaign of 9 designated Natura2000 areas in the
Kattegat and the Danish Belts. The new mapping plan was based on 2012 study in the same region
where 38 areas were partially mapped. In the 2014 project the aim was to map in details, the stone
reefs spatial extension at these areas. In Smalandsfarvandet the sand banks distribution was also
mapped. Close coverage survey was conducted with high resolution sidescan sonar as well as a
shallow waters parametric sub-bottom profiler. In part of Storebzlt and Lillebzlt reefs were
mapped using existing multibeam data. At the very shallow region, near coastal zone where survey
ship access is limited, orthophotos and satellite images were used in the 2012 mapping for the inter-
pretation of the seabed substrate type. In the 2014 survey a new method was adopted to “ground
truth” the orthophotos interpretation. A simple GoPro camera (Fig2) was used to take video samples
at pre-selected areas on the orthophoto. In the deeper waters where geophysical measurements were
conducted, video transects were taken by DCE at pre-designated locations chosen on the sidescan
image of the seabed. All these information were used to produce habitat maps describing seabed
structures and dominating biological components of the areas. A total of ~2100 Line/km were sur-
veyed by GEUS and 790 photo points were taken in shallow waters. DCE is responsible for the bio-
logical investigations and made 345 video transects.

Fig 1. The 2014 surveyed Natura2000 Fig 2. The GoPro Camera for shallow waters groundtruth-
areas ing.
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Cumulative impacts predict biodiversity status in space and time in the Baltic Sea: im-
plications for ecosystem-based management

Jesper H. Andersen'?, Benjamin S. Halpern®*, Samuli Korpinen®,
Ciaran Murray® & Johnny Reker’

INIVA Denmark Water Research, 2300 Copenhagen S, Denmark

? Marine Research Centre, SYKE, 00251 Helsinki, Finland

? Bren School of Environmental Science & Management, University of California, Santa
Barbara, CA 93101, USA

? National Centre of Ecological Analysis and Synthesis (NCEAS), Santa Barbara, USA

? Imperial College, London, United Kingdom

% Department of Bioscience, Aarhus University, 4000 Roskilde, Denmark

” European Environment Agency (EEA), 1050 Copenhagen K, Denmark

Many studies have tried to explain spatial and temporal variations in biodiversity status of marine
areas from a single-issue perspective, such as fishing pressure or coastal pollution, yet most conti-
nental seas experience a wide range of human pressures. Cumulative impact assessments have been
developed to capture the consequences of multiple stressors for biodiversity, but the ability of these
assessments to accurately predict biodiversity status has never been tested or ground-truthed. This
relationship has similarly been assumed for the Baltic Sea, especially in areas with impaired status,
but has also never been documented. Here we provide the first robust evidence that cumulative hu-
man impacts strongly relate to ecosystem condition in the Baltic Sea, and that threshold values of
cumulative pressure and impact may exist. Thus, cumulative impact assessments offer a powerful
and efficient tool for informed Marine Spatial Planning, designation of marine protected areas and
ecosystem-based management, and may prove useful for setting caps to total allowable amount of
human impact on ecosystems.
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National flood risk mapping of the Danish coastline
Kaija Jumppanen Andersen', Matthew Earnshaw' & Carlo Serensen'

! Danish Coastal Authority (kia@kyst.dk/mea@kyst.dk)
? DTU Space (carlos@space.stu.dk)

Ocean flooding related to extreme storm surges poses a large damage potential for society. With
future climate changes such as sea level rise and increased storminess, ocean flooding becomes one
of the largest challenges for Denmark, due to its many islands and long low-lying coastline.

At The Danish Coastal Authority under the Ministry of the Environment we are carrying out a rapid
screening of the areas vulnerable to ocean flooding throughout the whole of Denmark; today, in
2065 and in 2100, respectively, to determine hazard areas and vulnerabilities towards floods. With
this information we can estimate the future requirement for sea defences along the Danish coastline
now and into the future.

While carrying out this screening we have to assess the factors influencing the flood level. This
includes changes in the topography from glacial isostasy and subsidence along with future mean sea
level and storminess. Once the flood levels are estimated the coastline can be separated into areas of
high and low hazard.

The coastline can also be separated into areas with different vulnerabilities, depending on the ex-
pected direct and indirect damages. In these areas the tangible and intangible losses will be com-
pared, e.g. a nature area compared with a power station, or, a summerhouse area compared with a
hospital. Together with the hazard map, the risk of flooding along the entire coast of Denmark is
then calculated.

This rapid screening and risk mapping provides an effective tool to develop adaptation and mitiga-
tion plans for the coastal areas for local and national governments on both short term and on a long-
er timescale. It can be used to decide where to protect and where to allow nature and natural pro-
cesses to dominate.
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MODELLING NUTRIENT LOADING OF DANISH MARINE WATERS

Hans Estrup Andersen *1, Dennis Trollel, Hans Thodsenl, Shenglan Lu'

!Institute of Bioscience Aarhus University, Vejlsovej 25, 8600 Silkeborg, Denmark
"HEA@DMU.DK

Keywords: catchment modeling, SWAT model

The IMAGE alliance is an interdisciplinary consortium designed to establish a body of knowledge,
which can provide a common ecosystem-based decision platform. Based on a series of integrated
models, IMAGE aims to develop decision support tools and scenarios that describe the interplay
between science and management of agriculture, fisheries, aquatic environments and welfare eco-
nomics, with principal focus on the Danish marine waters within the Baltic Sea. The SWAT model
has been chosen as the tool to model riverine water and nutrient loads from the drainage basin
(121,000 km? covering most of Denmark and parts of Germany and Sweden) to the sea. High inten-
sive agriculture plays an important role in the drainage basin with 62% of the Danish land area be-
ing cultivated. Parameterization of the SWAT model is performed on a very detailed data set, con-
taining e.g. information at the field and farm level of all Danish farms. Concurrently, modifications
to SWAT, with particular focus on phosphorus cycling, are being performed and validated based on
these data sets. For computational reasons the drainage basin is divided into seven regions, each

with individual SWAT models. Our modeling concept and results will be demonstrated.
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Kvelstoffiksering hos cyanobakterier og heterotrofe bakterier i kystnaere danske farvande

Bentzon-Tilia M, Traving SJ, Mantikci M, Knudsen-Leerbeck H, Hansen JLS, Markager S, Rie-
mann L.

Marine Biological Section, Department of Biology, University of Copenhagen, Strandpromenaden
5, 3000 Helsingor, Denmartk.

E-mail: lriemann@bio.ku.dk

Nitrogen (N) fixation is fueling planktonic production in a multitude of aquatic environments. In
meso- and polyhaline estuaries, however, the contribution of N by pelagic N, fixation is believed to
be insignificant due to the high input of N from land and the presumed absence of active N,-fixing
organisms. In this overview, I will talk about our work in Danish estuaries with emphasis on N,
fixation by heterotrophic diazotrophs. In general, we have measured N, fixation, examined nitro-
genase (nifH) gene composition by next-generation sequencing, and used real-time PCR to quantify
distribution of key nifH genes or transcripts in situ.

We examined diazotrophy over one year in two contrasting, temperate, estuarine systems (Roskilde
Fjord and the Great Belt strait; Bentzon-Tilia et al. 2014). In Roskilde Fjord, N, fixation was mainly
accompanied by transcripts related to heterotrophic (e.g. Pseudomonas sp.) and photoheterotrophic
bacteria (e.g. unicellular diazotrophic cyanobacteria group A). In the Great Belt, the first of two N,
fixation peaks coincided with a similar nifH expressing community as in Roskilde Fjord, whereas
the second peak was synchronous with increased nifH expression by an array of diazotrophs, in-
cluding heterotrophic organisms as well as the heterocystous cyanobacterium Anabaena. The study
documents for the first time that significant planktonic N, fixation takes place in mesohaline, tem-
perate estuaries and that the importance of heterotrophic, photoheterotrophic, and photosynthetic
diazotrophs is clearly variable in space and time.

This work was supported by grants 09-066396 and 11-105450 from The Danish Council for Inde-
pendent Research, Natural Sciences to L.R.

Reference:

Bentzon-Tilia M, Traving SJ, Mantikci M, Knudsen-Leerbeck H, Hansen JLS, Markager S, Rie-
mann L. Significant N, fixation by heterotrophs, photoheterotrophs, and heterocystous cyanobacte-
ria in two temperate estuaries. The ISME Journal advance online publication, 15 July 2014;
doi:10.1038/ismej.2014.119
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Limfjordens macroalgae, facts and fiction.

Paula Canal-Vergés, Annette Bruhn, Juan Canal-Vergés, Jens Kjerulf Petersen

Danish Shellfish Center, DTU Aqua, Oroddevej 80, 7900 Nykobing Mors, Denmark
pc@skaldyrcenter.dk

The Limfjorden is the biggest fjord in Denmark. It is a hydrodynamically complex system with a
long history of eutrophication. Furthermore, the Limfjorden is and has been subjected to commer-
cial fisheries such as stone fishery, or bivalve and fish fisheries with different intensities in the dif-
ferent broads. Therefore, local conditions might play an important role in the diversity and distribu-
tion of macroalgae communities in the fjord. Due to this complexity, current status and future per-
spectives of macroalgae development in the Limfjorden cannot be evaluated nor predicted with sin-
gle parameters. This study examined the status of macroalgae in Natura 2000 broads in the Limfjor-
den. The current diversity and spatial distribution of macroalgae in the Limfjorden were established
through intense monitoring efforts based on video transects and diver collected samples. Several
parameters such as sediment characteristics, light availability and oxygen condition were measured,
and analyzed together with fishery activities and the macroalgae distribution. The study showed
that light limitation at the seabed, anoxic events and lack of substrate were more frequent in some
broads than others. All in all, even with a scenario of reduced nutrient load to the fjord, the devel-
opment of macroalgae might be limited due to e.g. lack of substrate, lack of standing stock (for cer-
tain species), increment of fishery pressure or accumulated nutrient retained in the fjord. In this con-
text we examined two possibilities to increase macroalgae diversity and coverage, through brown
macroalgae Saccharina latissima and blue mussels culture for nutrient remediation and through the
creation of new substrate from artificial reefs. Preliminary results underlined the importance of op-
timization of 1) site selection for certain species of macroalgae recolonization, ii) artificial reef ma-
terials to reduce costs and carbon footprint, iii) functioning tools such as addition of seaweed units
to existing mussel farms to reduce costs and optimize welfare benefits iv) Overall scaling of the
selected tools to improve cost efficiency.
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Larval grazing on zooplankton from a spatial model of the North Sea larval community

Asbjorn Christensen*’l, Marie Maarz, Anna Rindorfl, Eva Friis Meller?, Kristine S. Madsen3, and
Mikael van Deurs'.

1) Danmarks Tekniske Universitet, Institut for Akvatiske Ressourcer, Jeegersborg Alle 1, 2920
Charlottenlund, asc@aqua.dtu.dk

2) Aarhus Universitet, Institut for Bioscience, Frederiksborgvej 399, P.O. Box 358, 4000 Roskilde
3) Danmarks Meteorologiske Institut, Lyngbyvej 100, 2100 Kbh. O.

A simple observation is that the food consumption of a fish larvae grows approximately as time"3,
whereas the number of surviving larvae at a given time after hatching decreases approximately as

exp(-time). The inevitable consequence of this is that the food consumption of a batch of fish larvae
is generally dome shaped with a peak at some time, depending hatch time, growth and mortality
conditions, and estimates indicate that larval consumption peak may exceed adult planktivorous fish
consumption in limited periods.

The growth dynamics of fish larvae across species tend to follow a similar quantitative pattern in a
given marine ecosystem; this has been synthesized in various generic larval growth models, e.g.
(Letcher et al, 1996). Neglecting interspecies differences in growth dynamics allows to apply a size-
based growth model for the North Sea larval community where larvae are pooled across species.
The most important difference between fish larvae lies in hatching locations and timing. Additional-
ly the amount of newly-hatched fish larvae depend on the parental stock biomass, which fluctuates
strongly between years. We represent these two major sources of larval community variability by
including available knowledge on spawning locations and timing as well as parental stock biomass-
es from operational multispecies stock assessment models. Combined with a size-based model for
the pooled larval biomass including hydrodynamic transport in the North Sea, we arrive at a semi
quantitative model for the North Sea larval community with limited spatial resolution. The model
predictions for larval zooplankton consumption compares reasonable with other estimates and the
spatio-temporal distribution patterns of larvae predicted by the model agrees fairly with larval sur-
veys. The major limitation in spatial resolution comes from limited knowledge of spawning loca-
tions and timing, and variability in these factors. The presented model is part of a larger framework,
presented recently in (Maar et al, 2014), for improved ecosystem model closure by detailing varia-
bility in zooplankton grazing sources.

References:

Letcher, B. H., Rice, J. A., Crowder, L. B., and Rose, K. A. 1996. Variability in survival of larval
fish: disentangling components with a generalized individual-based model. Canadian Journal of
Fisheries and Aquatic Sciences, 53: 787-801.

Maar, M., Rindorf, A., Mgller E.F., Madsen, K.S., Christensen A., van Deurs, M. (2014). Zoo-
plankton mortality in 3D ecosystem modelling considering variable spatial-temporal fish consump-
tion in the North Sea. Prog Oceanogr. 124:78-91.
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Det empiriske modelgrundlag for 2. generations vandplaner

Jesper Christensen, Stiig Markager, Ciaran Murray og Karen Timmermann

Institut for Bioscience, Arhus Universitet, 4000 Roskilde,

je@bios.au.dk

Som en del af modelgrundlaget for udarbejdelsen af 2. generationsvandplanerne er der udviklet lo-
kalspecifikke empiriske modeller for en rekke danske vandomrader. Modellerne beskriver udvalgte
vandkvalitetsindikatorer herunder klorofyl a koncentration og lyssvaekkelse, der benyttes som mal
for potentiel dlegraesdybdegranse. De uathengige variable som vi har kombineret er klimavariable
(vindenergi, indstrélling og afstremning), vandets fysik og kemi (temperatur, salinitet og vandsejle
stabilitet) og naringsstoftilforsler fra land med forskellig tidforsinkelse. Ar til 4r variationen i miljo-
indikatorerne for de enkelte vandomréder er beskrevet med empiriske modeller baseret pa partiel
least square (PLS) regressioner. Forud for PLS-regressionerne har data varet igennem en parameter
udvealgelsesproces baseret pa jack-knifing og endeligt vurderes modellen pé deres evne til at be-
skrive valideringsdata, som blev isoleret fra det resterende datasat inden parameterudvalgelsen.

Pé langt de fleste datas@t bidrog naringsstoftilfersler, som forventet, signifikant til forklaringen af
de enkelte miljoindikatorer. Det var dog ikke det primare formédl at vise, om na&ringsstoftilfersler
har en betydning for de valgte miljeindikatorer. De primare mél var at kvantificere relationerne,
bade responsstyrke, temporar udbredelse og hvilke klimatiske og fysiske parametre som ogsa har
betydning.

Pa baggrund af de fremkomne relationer mellem miljeindikatorerne og naringsstoftilfersler samt
kendskab til den aktuelle status og mél for god ekologisk tilstand har vi vurderet indsatsbehov for
de enkelte vandomrader.
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Relativ forekomst af fiskesamfund i en dansk fjord — med speciel fokus pa Europeisk al og
sortmundet kutling

Mads Christoffersen, Niels Jepsen, Michael Ingemann Petersen, Josianne Stettrup'

Malte Dorow”

'DTU Aqua, Danmarks Tekniske Universitet, Jeegersborg Alle 1, 2920 Charlottenlund
? State Research Centre for Agriculture and Fishery M-V

I juni 2014 moniterede forskere fra DTU Aqua i Danmark og Institut for Fiskeri i Rostock den rela-
tive biomasse af fiskesamfundet 1 Karrebak og Dybse fjord. Moniteringen havde speciel fokus pé
Europaisk al (Anguilla anguilla) og den invasive fisk sortmundet kutling (Neogobius melanosto-
mus). Sortmundet kutling blev forste gang registreret 1 fjorden 1 2009 af lokale fritidsfiskere. Fiske-
moniteringen blev udfert ved hjelp af en ny metode udviklet af de tyske forskere, til at kvantificere
bestanden af Europisk &l i kystnere systemer (UBL & Dorow, 2014).

To omrader pé hver is@r én hektar blev indelukket af et fintmasket net fra bund til overflade. En
ruse blev placeret i hvert af de fire hjorner af nettet. Inde i indelukket blev der desuden placeret et
storre antal ruser. Efter 48 timer blev fangsten registreret. I alt blev der fanget 869 fiskeindivider
fordelt pa ti forskellige arter. Der blev 1 alt fanget henholdsvis 185 og 8 (21 og 1 %) sortmundet
kutling og él. Samlet veegt af sortmundet kutling og al pd de to hektar var henholdsvis 4200 og 2600
g. Den samlede biomasse i hele fjorden blev konservativt estimeret til 8400 kg sortmundet kutling
og 5100 kg al.

Den invasive sortmundet kutling er saledes dominerende i fiskefaunaen i fjorden. Dennes fadebio-
logi, interspecifikke konkurrence med andre fiskearter i fjorden og dermed dens betydning og ind-
flydelse det lokale gkosystem er stort set ukendt i danske farvande. I foredraget vil der gives et
overslag pa hvilken betydning den sortmundede kutling har pa fedekaeededynamikken i fjorden.
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Fra fgrste generation til anden generation af marine vandplaner

Anders Chr. Erichsen' og Karen Timmermannz, Jesper Christensenz, Hanne Kaasl, Trine Cecilie
Larsen', Stiig Markager”, Flemming Mohlenberg', Ciaran Murray?, Erik Koch Rasmussen', Franz

Thomsen' & Thomas Uhrenholdt'

'DHI, Agern Allé 5, 2970 Horsholm

? drhus Universitet, Inst. for Bioscience, 4000 Roskilde

Med udgangen af oktober 2014 kunne miljeministeren bringe nyheden om, at Danmark nu har fiet
sine forste vandplaner. For ambitigse for nogle, og for uambitigse for andre, men nér vi kigger ud
over det danske landskab af vidensinstitutioner, NGO’er, interesseorganisationer mm. er der én
ting, som der har vaeret bred enighed om: P4 det marine omrade har der varet behov for at forbedre
det faglige grundlag frem mod anden generation af vandplaner.

Nu kommer sa anden generation af vandplaner. Anden generation af vandplaner skal efter planen
sendes 1 heringen med udgangen af december 2014, og skal, nar den er endeligt vedtaget, gaelde for
perioden 2015-2021.

Fra forste generation til anden generation af vandplaner har der vaeret arbejdet intenst med at for-
bedre og videreudvikle det marin-faglige grundlag. P4 baggrund af anbefalinger fra Alegraes Grup-
pe I+1I og anbefalingerne fra Natur & Landbrugskommissionen er der derfor udviklet en raekke lo-
kalspecifikke marine modelvarktejer. Disse vaerktejer omfatter béde statistiske og mekanistiske
modeller, og de er blevet anvendt til vurdering af vandomradernes tilstand og indsatsbehov. Model-
arbejdet har fokuseret pa at {4 inddraget flere miljokvalitetsparametre og fa udviklet lokalspecifikke
modeller for s& mange vandomrader som muligt, og i dag foreligger der specifikke modeller for
godt 90% af det samlede vandomrade areal.

Vandomrader der daekkes af statistiske modeller Vandomrader der dekkes af mekanistiske
modeller
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Beregning af indsatsbehov for kvealstof - baseret pa mekanistiske modeller
Anders Chr. Erichsen', Hanne Kaas', Trine Cecilie Larsen' & Flemming Mehlenberg'

'DHI, Agern Allé 5, 2970 Horsholm,

Som en del af 2. generation af vandplaner er der udviklet et marint modelvarktej baseret pa meka-
nistiske modeller. Varktejet inkluderer specifikke modeller for Odense jord, Roskilde Fjord og
Limfjorden foruden en sterre model, der dekker alle farvande fra Skagerrak til den Botniske Bugt,
men fokuseret pa de danske vandomrader.

De mekanistiske modeller beskriver arsagssammenhang mellem de fysiske parametre (vind, strom,
blanding mm.), samt de kemiske og biologiske parametre (naringsstoffer, primar produktion, orga-
nisk stof mm.) , der er vigtige for ekosystemernes funktion. Vigtige input til modellerne er derfor
bade meteorologiske data og informationer om belastninger fra Danmark, savel som fra vores nabo-
er omkring Ostersogen.

Modellerne er benyttet til at afvikle en raekke N- og P-belastningsscenarier, og resultaterne fra disse
scenarier indgér i1 den anden del af verktojet, som er benyttet til beregning af indsatsbehov for
kvelstof. Med vearktojet er det muligt at beregne de danske bidrag til kvalstof (og fosfor)-
belastninger af danske vandomrader. Med denne praesentation vil vi gennemgé varktejet, og de
vigtigste resultater.

Mmo-5

m6-10

mi1-15
W 16-20
m2-25
26 -30
@E31-35
[136-40
41-45
146 - 50
@51 - 60
@61 - 70
m71-80
sl -90
91 - 100

Procentvis andel af sommer klorofyl der kan forklares ved dansk kvalstof
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Turning pests into protein — starfish by-product management in the Danish mussel industry

Isla Fitridgel, Carsten Fomsgaard', Henrik Gislason”, Camille Saurel' and Jens Kjerulf Petersen’

"Danish Shellfish Center, DTU Aqua, @roddevej 80, 7900 Nykobing Mors, Denmark, email:
iflwskaldyrcenter.dk, cflwskaldyrcenter.dk, csau@aqua.dtu.dk, jkp@skaldyrcenter.dk .

“Section for Ecosystem based Marine Management, DTU Aqua, Jeegersborg Allé 1, 2920 Charlot-
tenlund, Denmark, email: hg@aqua.dtu.dk.

Fierce starfish predation on bottom culture mussel beds currently impacts the mussel industry in the
Danish Limfjord. Mussel beds can be completely depleted within a few weeks to months, putting
the future of the Limfjord mussel industry in jeopardy. The growing starfish population has also
affected long-line mussel aquaculture, and an unprecedented recruitment of starfish larvae on long-
lines was recorded in 2013. A proposed solution is to remove the starfish to protect the mussel beds
and use it as a by-product of the mussel industry. This is achieved through targeted fisheries using a
specifically designed purse seine. Besides reducing predation pressure on the culture plots and the
wild population, a starfish fishery could satisfy the increasing need for new innovative marine
products rich in protein for both human consumption and as feed ingredient for farmed animals (e.g.

poultry, pigs).

Development of a new starfish fishing industry requires a multidisciplinary approach to meet man-
agement requirements. The Danish Shellfish Centre (DSC) has been working together with the
mussel industry to determine the ecological role of starfish in the Limfjord, the environmental im-
pact and economic feasibility of a fishery, and the potential of starfish as a novel protein source for
animal husbandry. The research has used new sampling methodologies to estimate the starfish
standing stock in the Limfjord. Laboratory feeding assays have determined starfish feeding and
growth rates, and food choices. The impact of the starfish purse seine on the benthic environment
has also been investigated. As starfish flour has been found to contain up to 70% raw protein, there
is a large amount of interest from both meal manufacturers and animal husbandry industries in the
use of this new by-product.
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Forskning, turisme og uddannelse: Biologi i Bglgehgjde
Carsten Fomsgaard, Paula Canal-Vergés, Pernille Nielsen, Mia Gommesen og Jens Kjerulf Petersen

DTU Aqua.
Danish Shellfish Center, DTU Aqua, Oroddevej 80, 7900 Nykobing Mors, Denmark
cf@skaldyrcenter.dk

Kombinationen af forskning, uddannelse og turisme kan vere en udfordrende opgave, men med den
rette balance, kan der skabes en unik oplevelse, som kan vare et aktivt for savel forskning, uddan-
nelse og den miljemassige forstéelse hos befolkningen.

Dansk Skaldyrcenter, DTU Aqua (DSC) er beliggende i Nykebing Mors midt i Limfjorden og har
hovedfokus péa skaldyr og tang, med akvakultur, fiskeri og kystekologi som de vigtige forsknings-
omrader. Dansk Skaldyrcenter har forskere, biologere og teknikere ansat, som alle arbejder pa
forskningsprojekter.

I 2013 blev formidlingscenteret p4 DSC etableret, med taet koblingen til forsknings- og udviklings-
aktiviteterne. Formidlingscenter giver mulighed for at udbreder kendskabet til Limfjorden og Lim-
fjorden som ekosystem med udgangspunkt i forskningsarbejdet der foregar pa DSC. Formidlings-
centerets malgrupper er: 1) skoler (alle klassetrin inklusiv gymnasielle), 2) nationale og internatio-
nale turister og 3) virksomheder og foreninger.

Aktiviteterne bliver udfert af DSC personale og er séledes en formidling af den forskning og udvik-
lingen der finder sted pa centeret og vil altid vaere opdateret 1 forhold til forskningen.
Formidlingscenteret udbyder en lang raekke forskellige aktiviteter: 1) guidede turer, med besog i
kleekkerierne og sejltur til opdretsanleggene, 2) guidede badturer pd Limfjorden eller turer i wa-
ders, 3) 1-dags turer der kan inkludere felt- og laboratorie arbejde og/eller kulinariske oplevelser
omhandlende specifikke emner som skaldyr, makroalger, sundhed og mad. 4) En- eller flerdag kur-
ser for skoler med selvvalgte temaer. Som supplement til alle aktiviteterne er der etableret en e-
leeringsside.

Den store fordel ved at koble forskning, turisme og formidling er, at formidlingen bliver naervaren-
de og spaendende og meget varierende over tid. Der er ikke tale om et statisk museum, men om
formidling af den nyeste forskning, der er til gavn for hele befolkningen.
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Zooplankton vertical migration in the polar night — Is migration more “random” than diel
during the darkest period of winter?

Julie Cornelius Grenvald"*? ", Torkel Gissel Nielsenz, Gérald Darnis4, Jorgen Bergel’3 , Paul Re-
naud™*

"'The University Centre in Svalbard (UNIS), Postbox 156, 9171 Longyearbyen, Norway
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? The Arctic University of Norway (UiT), Department of Arctic and Marine Biology, Postbox 6050,
Langnes, 9037 Tromsa, Norway

4Akvaplan-niva AS, Fram Center, 9296 Tromsa, Norway

“Julie.Cornelius. Grenvald@unis.no

The Arctic marine ecosystem has been considered devoid of any biological activity during the polar
night, explained by apparent lack of daylight and scarce food availability. However, this paradigm
has been challenged by recent research from Svalbard demonstrating that zooplankton migrations
persist throughout the dark winter. To date, the taxa performing these migrations remain unknown,
and so are the reasons for such winter activity since the studies essentially were based on data col-
lected with acoustic instruments moored in the water column.

The aim of the present study was to determine the zooplankton species behind the acoustics patterns
observed in previous years. We studied the meso- and macrozooplankton community during the
polar night in Kongsfjorden, Svalbard (January-February 2013 and 2014), using a combination of
both zooplankton net sampling and acoustics. We did not detect any significant migration in the
mesozooplankton community when sampling mesozooplankton with various nets. However,
macrozooplankton organisms represented mainly by krill (7hysanoessa spp.) seemed to perform
vertical migration, not necessarily linked to the diel cycle, described here as “random” vertical mi-
gration. In February, we observed typical diel vertical migration (DVM) with more macrozooplank-
ton surfacing at night in contrast to daytime. The findings from the zooplankton nets corresponded
well with the migration patterns observed on the acoustics in both 2013 and 2014.

We speculate that the migrants occupy different strategies to time migration to low food availability
and predation pressure during the Arctic winter.
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Open Marine Science

Ivo Grigorov & FP7 FOSTER Consortium Members

ivgr@aqua.dtu.dk, (@fosterscience

(www.fosteropenscience.eu)

Beyond providing basic understanding of how our Blue Planet functions, flows and breathes, Ma-
rine Research is of major service to most of today’s Societal Challenges: from Food Security and
Sustainable Resource Management, to Renewable Energies, Climate Mitigation & Ecosystem Ser-
vices.

The watery part of our planet is regarded as a key commodity in the long-term strategy of the EU
Innovation Union'. Marine biotech, ocean and ecosystem modelling, aquaculture and marine re-
source & coastal management research are seen as a key area for stimulating future economic Blue
Growth. Such potential carries with it even greater responsibility to engage society and communi-
cate clearly the highlights of our diverse mix of discipline.

Open Science is about removing all barriers to basic research, whatever its formats, so that it can be
freely used, re-used and re-hashed, thus feeding and accelerating innovative ideas. The concept is
central to EU’s Responsible Research and Innovation philosophy?, and removing barriers to basic
research measurably contributes to the EU’s Blue Growth Agenda’. Despite the potential of the
internet age to deliver on that promise, only 50% of today’s basic research is freely available®.

Open Science should be the first passive step of communicating marine research outside academia.
Full and unrestricted access to our data, model code and publications is not just an ethical obliga-
tion, but also gives credibility to a more sophisticated communication strategy on engaging society,
and must be a basic obligatory training of the future generation of marine scientists.

The talk will highlight how marine researchers need to adapt to increasing funder pressure to place
fundamental research in societal context, how to use Open Science to build a better career profile.
Integrating Open Science principles in the daily research workflow is more than just funder compli-
ance, but also makes the research effort more transparent, more accessible, more discoverable and
more re-usable, while transforming marine research into a truly Open Marine Science.

" EC Digital Agenda & Access to Knowledge http:/ec.europa.cu/digital-agenda/en/open-access-scientific-knowledge-0

2 Responsible Research and Innovation for Societal Challenges
http://ec.europa.eu/research/science-society/document_library/pdf 06/responsible-research-and-innovation-leaflet_en.pdf

3 Houghton, J., Swan, A., Brown, S., 2011. Access to research and technical information in Denmark [WWW Document]. URL
http://www.deff.dk/uploads/media/Access to_Research_and Technical Information_in_Denmark.pdf

* Proportion of OA Peer-Reviewed Papers at the European & World Levels 2004-2011, EC Report http://www.science-
metrix.com/pdf/SM_EC_OA_Availability_2004-2011.pdf
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Den BIla Planet, Danmarks Akvarium og forskning

Kai Frydendahl og Peter Gravlund

Danmarks Akvarium National, Jacob Fortlingsvej 1, 2770 Kastrup

per@akvarium.dk

Den BIlé Planet, Danmarks Akvarium har siden sin abning i marts 2013 haft en ambition om at en-
gagere sig 1 forskning og naturbevaring. Vi har indtil nu deltaget i tre ekspeditioner til Grenland,
Australien og Ny Guinea/Sulawesi og samarbejdet med forskere fra bade ind- og udland om sé for-
skellige emner som havslangegift, salttolerance hos brakvandsaborre, snorklet og talt fisk, under-
sogt synet hos tornekroner og adfarden hos pjaltefisk. Mange af disse projekter omhandler orga-
nismer eller problemstillinger der tager udgangspunkt i Norden. Fremadrettet vil Den Bl4 Planet,
Danmarks Akvarium i endnu hgjere grad fokusere pa specielt havene i Norden. Dette sker med af-

s&t 1 relevansen for vores gaster og vores placering som Danmarks sterste offentlige akvarium.
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Phytoplankton productivity quantified from chlorophyll fluorescence
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"' University of Southern Denmark, Department of Biology and Nordic Center for Earth Evolution
(NordCEE), Odense, Denmark

2 Greenland Climate Research Centre, Greenland Institute of Natural Resources, Nuuk, Greenland
3 darhus University, Arctic Research Center, Aarhus, Denmark
* Aarhus University, Institute for Bioscience, Aarhus, Denmark

? Scottish Association for Marine Science, Scottish Marine Institute, Oban, United Kingdom

Phytoplankton are the main food source for marine life, and accurate quantification of its productiv-
ity is essential for understanding how marine food webs function. As a novel non-invasive technol-
ogy, chlorophyll fluorescence can be used to assess in situ primary production in phytoplankton -
overcoming the limited spatial and temporal resolution of traditional bottle techniques. Here we
present data on gross and net primary production from Pulse Amplitude Modulated (PAM) fluores-
cence, 14C fixation and O2 production of a natural phytoplankton community in the arctic
Godthébsfjorden, in West Greenland. Using a novel combination of PAM fluorescence and bio-
optical measurements we derived the electron requirement for carbon (C) fixation and oxygen (02)
production in absolute units. Both short- (2h) and long-term (24h) experiments demonstrated a
strong coupling between the three techniques, especially during light-limited conditions, resulting in
predicable parameters for conversion of PAM fluorescence to gross and net primary production. For
instance we documented an electron requirement for gross 14C fixation of 7.7 + 0.8 (mean = S.E,
with units of mol ¢ (mol C)-1). Future applications using PAM fluorescence on moorings and Au-
tonomous Underwater Vehicles (AUVs) for improved spatial and temporal resolution of primary
production will be discussed.
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@kologiske konsekvenser af hgj pH pa marine copepoder
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! Roskilde University, Department of Environmental, Social and Spatial Change, Universitetsvej 1,
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? Marine Biological Laboratory, University of Copenhagen, Strandpromenaden 5, DK-3000 Hel-
singor, Denmark
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Technical University of Denmark, Kavalergdrden 6, 2920 Charlottenlund, Denmark

Hojproduktive estuarier udviser ofte forhgjet pH i dagtimerne om sommeren. Eksempelvis er der
registreret pH op til 9.75 i Mariager Fjord. Det er veldokumenteret, at fytoplankton og protozooer
fordeles efter deres pH tolerancer og det er foresléet at det samme gor sig geeldende for copepoder.
Dette er bl.a. pa baggrund af rapporter om tilstedevaerelsen af meget fa arter eller blot en enkelt art i
de estuarier hvor pH stiger til over 9.5. Vi gnsker at undersoge hypotesen om at marine copepoders
tolerance overfor forhgjet pH er artsspecifik samt at arter med en potentiel oceanisk udbredelse er
mindre tolerante end arter med mere estuarin udbredelse. Vi undersoggte en raekke arter med potenti-
al udbredelse fra oceaner mod kystnare og estuarine habitater. Arternes udbredelse folger en slags
gradient, men er alle indsamlet i indre danske farvande. Disse copepoder kan altsa téle salinitetsgra-
dienten, men indsamlingsstrategien kan potentielt betyde at vi méske blot kan finde de mest ekstre-
me pH respons i en undersogelse som denne. Gradienten fra oceaner til esuarier hvor arterne forde-
ler sig var: Oithona similis - Acartia spp. - Centropages typicus - Pseudocalanus elongatus - Temo-
ra longicornis - Eurytemora affinis. Vores end-points var adult dedelighed ved 48 timers ekspone-
ring, egproduktion, &gklaekning samt nauplii overlevelse.

Det viser sig, at for adulte copepoders overlevelse er den mindst pH tolerante den oceaniske Oitho-
na similis, som allerede er pavirket ved pH 8.5, sterkt pavirket ved pH 9 og der ved pH 9.5, og den
mest tolerante var den euryhaline og nasten ferskvandstilende Eurytemora affinis, der sagtes taler
pH op til 9.5. Derudover viser &g klekning samt nauplii overlevelse og pH tolerancer sig ogsé at
folge nogenlunde samme menster. Vi kan derfor verificere at der er artsspecifikke pH tolerancer og
at copepod arter der lever i miljger med stabile pH er mindre tolerante end arter der lever i pH fluk-
tuerende habitater. Der er derfor stor sandsynlighed for at pH er en strukturerende faktor for
copepodsamfundene i estuarier.
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The use of Agent-Based Modelling in marine management: applications and perspectives

Flemming Thorbjern Hansen
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The application of Agent-Based models within marine ecology are receiving a growing interest
these years partly because their ability to mimic the behaviour and representation of marine organ-
isms are much appreciated by biologist and managers, and also because the development of model-
ling software now provides user friendly interfaces of even highly complex modelling environ-
ments. The combination of hydro-dynamic models (HD), classical eulerian water quality (WQ)
models and lagrangian type agent-based models (ABM) provides at very powerful tool for address-
ing a great variety of biological and ecological problems, both for researchers and for marine man-
agers. Examples of the type of applications addressed using this type of modelling ranges from sim-
ple drift and spread of marine pelagic larvae stages, through sophisticated passive drift studies of
macro-algae and their impact on sediments, seagrasses and nutrient dynamics in estuaries, to the
simulation of the movement behaviour and population dynamics of larger animals such as fish, am-
phibians, marine mammals and sea birds. The potential for application of this type of models in e.g.
Environmental Impact Assessments is obvious, although these methods introduce a large variety of
challenges. Here we present a number of diverse examples of applications of the combination of
HD-models, eulerian WQ models and lagrangian ABM models applied in recent marine studies in
Denmark and abroad.
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lltsvind

Jens Wiirgler Hansen & Henrik Fossing
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Hvad er iltsvind?

Hvordan opstar iltsvind?

Hvor forekommer iltsvind?

Hvordan har iltsvind varieret gennem arene?
Hvad er konsekvenserne af iltsvind?

Hvad er perspektivet for iltsvind?

Disse sporgsmal diskuteres med baggrund i data indsamlet i forbindelse med den nationale ilt-
svindsovervdgning siden 1989, som formidles via de fire arlige iltsvindsrapporter. De nutidige ilt-
svindsforhold vil desuden blive sat i forhold til historisk iltsvind, og forventninger til den fremtidige
iltsvind vil blive omtalt i perspektiv af udviklingen inden for belastningen med naringssalte og kli-
maforandringer.
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Payment for ecosystem services - paying mussel producers for nitrogen mitigation

Berit Haslerz*, Jens Kjerulf Petersenl, Marianne Zandersen®, Hans Frost4, Jens Erik @rum4, Karen
Timmerman®
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Mussel production is an alternative measure to reduce excess nutrients in fjords causing unwanted
eutrophication, and mussel production and removal (harvest) can improve the utilisation of nutrients
wasted to the sea. The basic principle of mussel farming as a mitigation tool is that by harvesting
cultured mussels, the unidirectional flow of mineral nutrients from land to sea is returned by bring-
ing back the nutrients bound in the mussels from sea to land. Mitigation mussel production can be
carried out at lower costs compared to consumption mussel production, and a pilot study in Skive
Fjord in Denmark has demonstrated that using mussels to remove nutrients from the coastal envi-
ronment can be a cost-effective means of mitigation of excess load of nutrients compared to many
agricultural measures. Many agricultural measures have a restricted capacity for additional reduc-
tion of nutrient load to the marine environment, and the costs of implementing these abatement
measures for nutrient load reductions are increasing at the margin.

The nutrient uptake by the mussels can be regarded an ecosystem service, that might be utilized, but
which need motivation and incentives for the mussel producers. If the provision of this ecosystem
service is dependent on market conditions it will be uncertain, and Payment for the ecosystem ser-
vice — i.e. the nutrient uptake and removal from the sea — a regulating service — can be justified. The
sales prices of mussels have been low for a long time, and conventional mussel production has not
been profitable. Research is ongoing to develop the possibilities of using mussels for fodder and
fertilizers in agriculture, but still the markets for mussel productions are vulnerable.

A Payment for Ecosystem Services (PES) is a voluntary transaction where a well-defined environ-
mental service (ES) is being “bought” by minimum one ES buyer from minimum one ES provider,
if and only if, the ES provider continuously secures ES provision (conditionality). The PES can be
arranged as a payment from the state or the municipality to the mussel producers, or it could be ar-
ranged as a transferable development right where farmers buy the right to continue current fertilizer
practices by paying for N retention in another location (here in the water bodies). It is also possible
to learn from the GHG policy where it is possible to pay for abatement elsewhere, where it’s more
cost-effective.

The paper and presentation discuss the cost-effectiveness of mitigating nitrogen in fjords by mussel
production compared to agricultural measures, and possibilities and barriers of paying mussel pro-
ducers for the ecosystem services they provide.
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Valuation of marine ecosystem services: recreational ecosystem services and water quality

Berit Hasler, Heini Ahtiainen, Mia Thanning Olsen, Mette Termansen, Asa Soutokorva,
Linus Hasselstrom

Aarhus University, Dep. of Environmental Science

Ecosystem services and goods can be valued to assess the socio-economic benefits (or losses) re-
sulting from changes in the state of ecosystems and biodiversity. Valuation of marine and coastal
ecosystem services is an important part of understanding the significance of marine ecosystems to
human well-being, and can provide useable and policy relevant information for the implementation
of e.g. the Water Framework Directive and the Marine Strategy Framework Directive. To be rele-
vant the results should provide information about the value of changes in the marine environments
services and goods; where goods are objects people value that are produced by ecosystem services.
Goods provided by marine ecosystem services include food, energy, recreation and energy, as well
as non-use benefits that are not related to the use of ecosystem services. A number of Danish valua-
tion studies deal with the benefits of water quality improvements (e.g.Jorgensen et al 2013) and
Bjorner et al (2014) has made a valuation study on recreation, using the travel cost method. Bjerner
et al’s study encompassed coastal recreation, but was not linked to water quality. This study focus-
es on the importance of water quality for recreational services and benefits in Danish and Swedish
coastal areas. We conducted a choice experiment study to retrieve information on the value Danes
and Swedes place on the water quality at beaches and shorelines, related to eutrophication and water
turbidity. Choice experiment is a stated preference method based on surveys, where respondents are
asked to choose between discrete alternatives that are described with attributes. In the present study
the respondents are asked to choose between different recreation trip alternatives that are character-
ized with four attributes: water quality (indicated by clearness and turbidity, 4 levels), litter, other
visitors at the recreational site and the distance to the site from the respondents home. These attrib-
utes were chosen because we want to explore how important they are for people’s choice of recrea-
tional sites, where our primary focus is on water quality. The costs are described with the distance
from home to the site, as there will be some costs related to the transport mode (e.g. fuel, ticket) and
time used for transport. Even walking has an opportunity cost because of the time spent. Since the
choices of recreational trips involves choices between different types of areas, it is important to pay
attention to substitution between recreation at coastal destinations and other sites, such as forests.
The choice experiment therefore includes the both alternatives that describe beach/shoreline trips
and forest trips, and an option to choose none of these to ensure that respondents are not forced to
choose an alternative they do not want. Preliminary results indicate that the status of the water qual-
ity was important for the trip choice, as 80% of the respondents indicated that water quality was
important for their choices. The distance they are willing to travel is equivalent to their willingness
to pay because they are willing to use time and money to get to the site. The willingness to pay was
highest when the water quality improved from turbid to clear water, and smaller for an improve-
ment from clear to very clear water, which indicates a willingness to pay for an improvement from
moderate to good water quality according to the Water Framework Directive. Asking for the
tradeoffs between travel distance and costs versus water quality improvements, in addition to the
other attributes, is seen as a realistic choice situation, and travel costs are easier to understand and
relate to than e.g. user payments. The results from the pilot study which has been made in the au-
tumn 2014 will be used to design a main survey to be conducted in both Denmark and Sweden. The
results from both of the surveys will be used to estimate a value of marine recreation, and to which

extent this service depends on water quality status and improvements.
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Slaget om havet. Den nye tilgang til anvendelsen af sgterritoriet.

Laura Storm Henriksen, Thorsten Piontkowitz, Anne Villadsgaard, Bertram Tobias Hacke,
Carlo Serensen
Kystdirektoratet, Hajbovej 1, 7620 Lemvig

Ish@kyst.dk

Kystdirektoratet har i de senere &r kunne konstatere en stadig stigning i mange forskellige aktivite-
ter pa seterritoriet, som f.eks. ansegninger om sofly, tanganleg, hoppepuder og kabelparker. Disse
nye interesser stiller nye krav til forvaltningen af seterritoriet i form af en mere klar og malrettet
administration. Kystdirektoratet har derfor udarbejdet et samlet administrationsgrundlag for seterri-
toriet, der omfatter anleeg og aktiviteter, som befinder sig inden for Kystdirektoratets forvaltnings-
omrade, heriblandt erhvervsaktiviteter (tanganleg, sofly), infrastruktur (lystbadehavne, uddybning
af sejlrender) og rekreative anlaeg (strandparker, kabelbaner, husbade, shelters).

Administrationsgrundlaget skal skabe rammerne for en helhedsorienteret tilgang til administratio-
nen af seterritoriet. Administrationsgrundlaget skal skabe storre balance og reducere potentielle
konflikter mellem miljohensyn og ekonomiske mél. En baredygtig anvendelse af saterritoriet inde-
barer en balanceret vaegtning af gkonomiske, miljemassige og sociale forhold.

Oplegget vil presentere formélet og opbygningen af administrationsgrundlaget. Der vil blive set pa
de overordnede principper og vurderingskriterier der anvendes i forvaltningen af havet. Ligeledes
vil der blive preesenteret den konkrete anvendelse af administrationsgrundlaget pa udvalgte aktivite-
ter og projekter.
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Estimating the methane flux distribution in marine sediments of the Bornholm Basin, Baltic
Sea by combining sediment acoustics with direct methane measurements.
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Methane in marine sediments plays a role in the global carbon cycle. It is important to know what controls
the methane flux to the sulfate methane transition in the Baltic Sea and how large this methane flux is. A
hypothesis in this study is that the amount and age structure of the Holocene mud is the main controlling
factor for the generation of methane in the Baltic Sea.

Direct measurements of methane in a sediment core can only give one point on a map. Sediment acoustic
data on the other hand can be sampled continuously along the sailed transect of a ship and are consequently
much easier to generate with good geographic coverage. A central idea from the METROL and Baltic Gas
projects is to combine the direct methane measurements in the sediment cores with sediment acoustic data to
estimate the methane flux. By exploiting the acoustic data it should be possible to achieve a much better
geographic coverage of the methane flux estimate. Hence, one aim of this study is to combine methane con-
centration profiles acquired from sediment cores and sediment acoustics to make a geographic map of the
methane flux to the sulfate methane transition in the marine sediments of the Bornholm Basin.

Sediment cores were collected at 44 stations in the Bornholm Basin during the research cruises of Gunnar
Thorson in August-September 2004, Poseidon in November-December 2009, Maria S. Merian in July-
August 2010 and Aurora in June 2014. The methane concentration profiles were generated by gas chroma-
tography measurements of the methane content of the sediment sampled with a depth resolution of 5 to 33
cm in the core. The methane flux to the sulfate methane transition was calculated at all stations by applying
Fick’s first law to the methane concentration profiles of the sediment cores. Seismic measurements were
performed on all cruises. The thickness of the Holocene mud as well as other indicators for the age distribu-
tion of the Holocene mud were derived from the seismic data. Additionally, since gas bubbles reflect the
seismic signals free methane gas and the depth of the gas were also derived from the seismic data.

The amount and quality of organic material are important controlling factors for the onset and production of
methane in marine sediments. In this study it is found that methane is formed in the sediment if the thickness
of the Holocene mud layer is above a certain threshold in support of the initial hypothesis. In the Bornholm
Basin this threshold is found at approximately 5 meters of Holocene mud. The deeper the water depth and
hence the hydrostatic water pressure the higher is the saturation concentration for methane. Consequently,
the deeper the water depth the thicker a layer of organic rich mud is necessary for the development of me-
thane concentrations above the saturation concentration and hence the formation of free gas.

By correlating information about the Holocene mud derived from the sediment acoustics with direct meas-
urements of the methane fluxes an aim of the study is to build a model for estimating the methane flux at
locations where only sediment acoustic data are available. Subsequently, the model will be applied to maps
of the seismic data to develop a map of the methane flux to the sulfate methane transition for the Bornholm
Basin, Baltic Sea.

Acknowledgements: This study is financially supported by the Danish National Research Foundation and the
European Research Council. The project “Baltic Gas” was funded by The Baltic Organisations Network
(BONUS) and the project “METROL” was funded by the fifth EU framework program.
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Environmental effects of oil spill responses in the Arctic - A large mesocosm study in Svalbard

Morten Hjorth
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This talk will describe a large mesocosm study planned to be exuted in Svalbard from November
2014 — June 2015. The purpose of the experiment is to increase the science base for unique Arctic
communities and oil spill response consequences by studying the importance of (i) ice associated
ecology (e.g. marginal ice zone, ice edge, under ridges, within brine channels, polynyas, under ice)
and (i1) the surface micro layer or neuston layer for the functioning of Arctic ecosystems. Four
treatments will be applied to the mesocosms by adding crude oil, crude oil and dispersants, residue
from burnt oil and a control. A large number of parameters will be investigated during the experi-
ment.

The project is undertaken by a large international consortium led by Akva-plan Niva in Tromse
with Danish participation by a joined cooperation between COWI A/S and DTU-Aqua. The talk
will describe the project and it objectives with special emphasis on the studies of plankton commu-
nity responses.
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Arstidsvariationen i den kystnare fiskefauna og anvendeligheden af snorkling som metode

Tore Hejl Holm-Hansen
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Sammensatningen og arstidsvariationen af den hjemlige, kystnere fiskefauna er darligt kendt. Det
skyldes en kombination af flere faktorer. For en rakke arter skyldes det en lav registreringseffekti-
vitet ved anvendelse af konventionelle metoder. Mange arter er desuden svere at artsbestemme,
hvorfor de let overses. Ydermere udferes de fleste undersegelser i sommerhalvéret, hvorfor der fin-
des begranset viden om forekomsterne af de respektive arter pd det lave vand henover hele éret.
Malet med dette projekt er at belyse arstidsafthengige meonstre i fiskediversiteten i de kystnare om-
rader i Danmark, samt at evaluere anvendeligheden af visuelle registreringsmetoder til netop dette
formal. Gennem 15 maneder (juni, 2013 til august, 2014) blev fiskearter registreret og optalt pa to
lokaliteter 1 @resund. Optallingerne blev udfert ved snorkling. Yderligere blev fangstdata, stillet til
radighed af Atlas over danske saltvandsfisk (fiskeatlas.dk), analyseret med henblik pa at evaluere
den anvendte metode. I alt 35 fiskearter blev observeret 1 registreringsperioden. Overordnet var di-
versiteten lavest 1 vintermanederne og hejest 1 august, september og oktober. Flest arter blev obser-
veret i september 2013 (23 arter) og faerrest i januar 2014 (6 arter). Registreringseffektiviteten var
forventeligt hgjest i september og oktober 2013 (15,5 arter/indsats) og lavest i januar 2014 (6 ar-
ter/indsats). Analysen af fangstdata viste, at visuelle metoder var mest effektive til, at registrere 20
af de 35 observerede arter. Det konkluderedes, at fiskediversiteten varierede betydeligt henover
aret, og at den storste artsrigdom fandtes 1 det tidlige efterar. Metodeanalysen viste, at snorkling
som metode rummer et stort potentiale i forhold til, at monitere kystnare fiskearter.
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The Bornholm Basin has a complex history dependent on the structural development of the
Tornquist Zone strike-slip fault system. A dependency, which in this study has shown to include
even parts of the Holocene sediment deposition.

During the EU BONUS project BALTIC GAS, detailed information has been collected in the Born-
holm Basin, where intensive shallow seismic profiling and sampling have been carried out to de-
scribe the general setting and to find the distribution of methane in the seabed sediments. The recent
IODP EXPEDITION 347 (BALTIC SEA) in addition add information about the quaternary sedi-
ment succession in 2 selected sites M0065 and M0066.

The latest major tectonic evolution is the late Cretaceous and early Tertiary general inversion. This
was created by dextral transpressional strike-slip movements channelized around rigid blocks as
Bornholm. Earlier studies proves the inversion of the Renne Graben and by use of the strike-slip
concept it is possible to show that the Renne Graben inversion pop-up structure is caused by re-
straining left step-over along the Renne Fault. The fault pattern can however be followed northwest
and north of Bornholm where the strike-slip system can be explained by releasing right step-over
and formation of a pull-apart Bornholm Basin.

Detailed studies show that despite a rather uniform present bathymetry in the central part of the ba-
sin the Quaternary deposits continuous to follow the pull-apart basin synsedimentary depositional
pattern with depocenters close to the major normal faults. The shallow coring’s distributed in the
basin and the deeper IODP coring’s has been correlated with the seismic data, to be able to identify
the syn-tectonic sedimentation features in the Late- and Postglacial deposits. Preliminary results
show that movements of the master normal faults are difficult to monitor in the Quaternary sedi-
ments, while smaller secondary synthetic/antithetic faults have been active. The IODP M0065 site
penetrates one of the secondary fault zones, with the possibility to give detailed information on neo-
tectonic events as well as evidence for distribution of the well-developed erosional and depositional
systems. The latter can be attributed to near bottom currents along the margins of the basin that
have characterised the region since the onset of the Holocene marine circulation system in the Bal-
tic.

Homogeneous sediments in the cores indicate dominating oxic conditions in the western part of the
Baltic Sea during the Holocene. However, internal seismic reflectors show major differences in
accumulation rates and basin wide unconformities reflect large shifts in sedimentation that has tak-
en place, probably due to inflow changes that might be related to major climate changes.
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Distribution and economic feasibility of the production of the Calanoid copepod Acartia tonsa
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The major bottleneck for marine aquaculture is supply of fish larvae for the productions. At current
aquaculture hatchery practices, the marine fish larvae have high mortalities and some species cannot
be breed. Cultivation of many marine fish species for commercial purposes is limited by the lack of
suitable food for the first feeding fish larvae. The majority of live feed for marine fish larvae in ag-
uaculture are rotifers (Brachionus spp.) and Artemia. In nature, Artemia is never a part of fish larvae
prey items, since they are brine shrimps, that live in an extreme environment were fish larvae can-
not survive. Rotifers are found in gut contents of fish larvae; nevertheless copepods are more preva-
lent. Naturally, this has encouraged an intense research in copepods as live feed in aquaculture, be-
cause copepods are nature’s choice. The calanoid copepod Acartia tonsa are well documented as
ideal live feed for a variety of marine fish larvae species. Acartia tonsa is superior compared to the
traditional live feed items; rotifers and Artemia, both in terms of nutritional value, behaviour and
prey size. In 1981 a Danish strain of Acartia tonsa were isolated in the Danish strait of Oresund and
has been studied and kept in cultures ever since. An interesting trait with this A. fonsa strain is that
ability for the eggs to be provoked into a resting stage called quiescence has been promoted, which
after years of study now are completely controlled. The well documented quiescent technique is
considered the most promising storage technique for distribution of copepod eggs to aquaculture
facilitates world-wide. The eggs can be hatched and the nauplii larvae can be fed to marine fish lar-
vae while still obtaining a high nutritional quality. For marine fish hatcheries this gives them the
ability to purchase enough copepod eggs to cover their production window were they use live feed
for their fish larvae. Therefore, focus on intensive copepod egg producing facilities will create an
analogue product to Artemia cyst, which is already proven as being an easy applicable product for
marine fish larvae hatcheries. By solving the distribution of 4. fonsa eggs a new major bottleneck
evolves. How to produce and upscale the production of A. tonsa eggs? Upscaling egg production is
a requirement since industrial aquaculture marine fish larvae hatcheries requires vast amounts of
eggs for their first feeding fish larvae? Finding the correlation between A4. tonsa adult stocking den-
sity and egg production returns the optimal culture density with highest egg yield pr. individual.
This optimum value with our strain was found to be ~2,500 individuals and a production of 12,000
eggs pr. day. This density was used in further experiment to evaluate the economic feasibility of A4.
tonsa cultures compared to rotifers. The results showed that production of 4. fonsa eggs in a proto-
type recirculated system could indeed be economically feasible. Both in terms of the existing mar-
ket prices on copepods and the competing live-feed items rotifers.
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I efteraret 2013 blev videnskabelige boringer foretaget i havbunden i danske farvande og 1 Osterso-
en. Boringerne blev gennemfeort af et konsortium af forskere igennem det internationale borepro-
gram IODP (Integrated Ocean Drilling Program). Forskere deltog fra hele verden, inklusive Dan-
mark, med det felles formél 1) at forstd den geologiske og paleoklimatiske udvikling af Osterseom-
radet igennem den sidste istid/mellemistid og 2) at identificere de biogeokemiske processer og det
mikrobielle liv 1 havbundens dybe biosfaere.

Igennem to maneder hentede boreskibet Greatship Manisha kerner op af havbunden i ned til 200 m
dybde fra Kattegat, Lillebalt, Bornholms Bassinet, Landsort Dybet og andre neglelokaliteter 1
Osterseomradet. Kernerne viste blandt andet Kattegats rolle som forbindelse mellem @stersgen og
Nordseen igennem den glaciale afsmeltning og Lillebalts effektive sedimentfaelde med 50 m Holo-
cent dynd aflejret over de sidste 8000 ar. Pa basis af de indsamlede borekerner er et stort forsk-
ningsprogram nu i gang. De mikrobiologiske undersegelser har forelabig afsleret ekstremt hoje
bakterietaetheder hele vejen ned igennem de Holocane og glaciale aflejringer med op til 10'° celler
cm”. Den videre forskning arbejder med mikroorganismernes diversitet og deres rolle for de diage-
netiske processer i sedimenterne. Der er sdledes 1 kernerne fundet ekstremt hgje metankoncentratio-
ner samt de hidtil hegjeste concentrationer af DIC og ammonium malt i1 det internationale borepro-
gram. Disse resultater viser Ostersoens funktion igennem &rtusinder som et meget eutroft, intrakon-
tinentalt brakvandsomrade.

Greatship Manisha, Singapore, pa vej igennem Kielerkanalen, September 2013
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Production and bioavailability of dissolved organic matter was quantified on a time scale of two
days from size fractions ranging from bacteria to zooplankton in the York River, Virginia. The goal
was to find the main contributor to DOM. Batch incubation experiments were labeled with N15-
ammonium and C13-bicarbonate, and degradation kinetics of dissolved organic matter was meas-
ured over 14 days. Chlorophyll a increased to a maximum of 14 + 0.6 ug L during the incubation.
Inorganic nitrogen was taken up producing a maximum of 10+ 0.3 pmol particulate nitrogen L™,
The increase in biomass was mainly in the phytoplankton size fraction, which on average contribut-
ed 62 % of total particulate nitrogen and 61 % of total particulate carbon. Up to 5 & 0.4 umol dis-
solved organic nitrogen L™ and 33 + 6.2 umol dissolved organic carbon L™ was produced during
the incubation. Bioavailability of phytoplankton produced dissolved organic carbon was 12 £ 1 %
and higher than in the presence of bacteria, microzooplankton, or copepods (7 = 3 %). The pattern
for bioavailability of dissolved organic nitrogen was less clear and ranged from 4 — 7 %. This study
revealed that phytoplankton was the main contributor to the production of dissolved organic matter.
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Land use is an important factor in the provision of ecosystem services. Any farmland is a part of an
ecosystem and agricultural management is highly influential for the distribution of a number of ser-
vices. Besides the provisioning service of food production, regulating services like climate regula-
tion or nutrient retention is important (Firbank 2013). Soil has a carbon storage capacity depending
on former and current land use and agricultural practices. Land use and agricultural practices are
also important for the nutrient retention capacity and over- exploitation of this capacity will lead to
excessive nutrient leakage and high nutrient loads to surface waters, including marine areas. Objec-
tives for increasing water quality; carbon storage; and food production are interdependent through
the limited supply of land (Ovando and Caparros 2009). A number of studies has investigated trade-
offs between multiple objectives for different land use patterns. Bekele (2013) analyses the trade-off
and complementarity between carbon sequestration/storage and improving water quality (among
other services) through N-leakage reduction, using tillage practices as well as corn production as
decision variables for the land parcels. Both carbon sequestration and nutrient retention are im-
portant environmental issues, as the mitigation of climate change and improvement of aquatic eco-
systems are both on the political agenda. Land use change can strengthen the regulating ecosystem
services of the land; however this is likely to entail a cost by lowering food production. Hence, it is
important to clarify the trade-offs and synergies of different land use patterns. This paper sets out to
optimize the three objectives simultaneously using data from a Danish catchment of a medium size.
The result will be a set of Pareto optimal solutions, visualizing the trade-off of the three objectives.
Following this, the cost-effectiveness of a land use change as a measure is compared to other cli-
mate mitigation measures (Lubowski 2006, Ovando and Caparros 2009).
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The effect of zooplankton on the efficiency of the biological carbon pump

Marja Koski, Lene Mausson Pankoke, Bellineth Valencia Ramirez, Julia Boutorh

?7?

The efficiency of the biological carbon pump depends on the quality and quantity of sinking materi-
al, bacterial remineralisation, and the activity of zooplankton. Zooplankton can influence the quality
and quantity of sinking material by repackaging their small phytoplankton prey to large fast sinking
fecal pellets, by actively transporting carbon due to vertical migration or by colonizing and consum-
ing sinking particles. Depending on the behavior and ecophysiology of the community, zooplankton
can both enhance and decrease the efficiency of the biological pump.

We investigated the mechanisms, rates and environmental control of zooplankton’s influence on the
biological pump. The results originate from two North Atlantic cruises, a mesocosm experiment at
the coast of Norway and laboratory experiments, conducted during the EUROBASIN project. We
measured the feeding of different copepod species on suspended vs. aggregated food, vertical dis-
tribution of day / night biomass, individual carbon budgets (ingestion, respiration, fecal pellet and
egg production), and feeding on diverse types of aggregates, focusing on large calanoids and small
particle-colonising copepods. We hypothetised that a zooplankton community dominated by large
vertically migrating calanoids producing large fecal pellets would primarily enhance vertical flux,
while a community dominated by small particle-colonising species would mainly contribute to flux
degradation.

Our results show that small particle-colonising copepods can dominate the copepod community
even during the North Atlantic spring bloom, a typical time for a peak distribution of Calanus spp.
At times of the high biomass of small copepods, their carbon demand covers > 70% of the carbon
demand of the zooplankton community, and, as these species can only feed on aggregates such as
marine snow, they will consume and respire a large proportion of sinking flux. In contrast to small
copepods, Calanus spp. will egest a large (though variable) proportion of their food as fecal pellets,
and a community dominated by large calanoids will enhance rather than degrade the vertical flux.

It has been suggested that the importance of small copepods, along with their metabolic rates, will
increase due to increasing sea surface temperature. This type of change in zooplankton community
composition will alter the effect of zooplankton on the biological carbon pump, by increasing deg-
radation of sinking particles and decreasing the active carbon transport by vertically migrating cal-
anoids. Our results suggest that changes in zooplankton community structure can form a feedback
mechanism to climate through its influence on the efficiency of the biological carbon pump, and
thus affect the oceans ability to sequester CO,.
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Coastal realignment at Gyldensteen Strand — a large-scale ecological experiment
Erik Kristensen, Mogens R. Flindt, Marianne Holmer, Thomas Valdemarsen, Sandra W. Thorsen.
Department of Biology, University of Southern Denmark, Odense, Denmark

Coastal realignment means deliberate flooding of land by seawater. Such strategy can be used to
improve coastal protection by reinforcing inland dikes and giving up marginal agricultural land at
the seaward edge. Many countries around the World will be forced to consider this option for many
low-lying coastal areas in the future due to climate change and sea-level rise. However, we have
only limited knowledge on how the ecological and biogeochemical successions develop in such
newly flooded coastal marine areas. They may potentially provide a variety of ecosystem services
by acting as e.g. nursery areas for juvenile fish, sanctuaries for birds and recreational areas for local
communities as well as tourists.

The Gyldensteen Strand lagoon at the northern part of Fyn was flooded with seawater in March
2014. It is a 214 ha agricultural area that was drained and reclaimed in 1870. The land was bought
from the Gyldensteen Estate by Aage V. Jensen Nature Foundation in 2011. The foundation then
constructed and prepared inland dikes before opening the seaward dikes. The Department of Biolo-
gy at University of Southern Denmark was asked by the foundation to monitor the biological suc-
cessions within the lagoon over the next 8 years. It is a great opportunity for us to study on large-
scale how the ecology and biogeochemistry develop in the area from day one after the flooding.
Actually, our studies will be unique worldwide because only few large-scale and long-term studies
have been conducted immediately after coastal realignment. In addition, we had the opportunity to
examine the soil conditions (e.g. granulome-
organic content, and nutrient content) just be-
flooding.

Our study program consists of regular sam- |
plings (monitoring) of biological and biogeo-
chemical parameters throughout the lagoon.
selected 30 sampling stations were decided [
based on the soil characteristics and water S b . & o

depth (ranging from intertidal to 2 m). The monitoring is then supplemented by relevant laboratory
experiments to elucidate important aspects of the ecology in the area.

We sample the flora present (macroalgae and seagrasses) together with the pelagic fauna (e.g. fish
and crustaceans) at monthly intervals during the growing season. These are registered semi-
quantitatively. The benthic fauna is registered quantitatively at bimonthly intervals. The results of
these samplings will provide evidence for the flora and fauna succession. Soil/sediment cores are
taken at bimonthly intervals and brought to the laboratory for determination of oxygen, carbon di-
oxide and nutrient exchange in light and darkness. These measurements are supplemented by high-
frequency samplings of water for determination of the nutrient dynamics and exchange with the
surrounding ocean, and quarterly in situ flux measurements.

This presentation will elaborate more about the project and present the preliminary results
from the first year.
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Vigtigheden af habitatkompleksitet i kystnare omrader
Louise D. Kristensen'*, Josianne G. Stettrup', Claus Stenberg' & Peter Gronkjeer”
" Danmarks Tekniske Universitet, Institut for Akvatiske Ressourcer, Jeegersborg Allé 1 DK-2920
? Aarhus Universitet, Institut for Bioscience - Akvatisk Biologi, Ole Worms Allé 1 DK-8000

* Kontaktperson: LKR@aqua.dtu.dk

Det er estimeret at 75 % af alle kommercielle fiskearter bruger kysten pd et eller andet tidspunkt 1
deres livscyklus til f.eks. formering, opveekst og fedesogning. Da fiskene bruger forskellige typer
habitater igennem deres livscyklus er det derfor vigtigt at bevare disse habitattyper. Sandbund er
den mest udbredte kystnare habitattype i Danmark og skent den har meget lav kompleksitet, er den
alligevel vigtige is@r som opvakstomrade for fladfisk. Biogene rev og stenrev har en hgjere kom-
pleksitet og skaber skjul og fodesogningsmuligheder for mange fiskearter. Biodiversiteten og
abundansen stiger med oget habitatkompleksitet og derfor er disse habitattyper ogsa vigtig at beva-
re.

Med urbaniseringen de sidste 100 ar er menneskelige aktiviteter steget voldsomt langs den danske
kyst. Eutrofiering med afledt iltsvind har is@r vaeret odeleggende for biogene rev. Rastofudvinding
og slabende redskaber har fjernet nasten alle danske stenrev pa under 10 m dybde. Der er séledes
sket en forringelse af de kystnare habitater.

Selv om vi har nedbragt kvealstofudledningen betydeligt, stoppet stenfiskeri og eget forvaltningen
af fiskeriet, er vi stadig langt fra et havmilje i balance. Habitatrestaurering i ferskvand har foregéet i
mange ar, men det er en forholdsvis ny disciplin 1 de marine omrader. Her er der stort potentiale 1 at
genskabe de funktioner som tidligere tiders menneskelig aktivitet har veret med til at edelaegge. 1
de lokale omréader kan vi med stor fordel samarbejde med lokale brugere af kysten som er meget
interesseret i mulighederne 1 habitatrestaurering.

I dette foredrag vil vi have fokus pa habitatkompleksitet og den funktion, strukturer har for fisk. Der
har varet store odelaeggelser i1 de kystnare habitater, og vigtigheden af at disse restaureres vil blive
fremhavet. Sidst men ikke mindst vil der blive lagt vagt pa det store potentiale, der er i crowdsour-
cing og brug af frivillige interessenter.
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Sedimentary bedforms as indicator of high-energy deep water flow in the North Atlantic
Antoon Kuijpers & Tove Nielsen

Geological Survey of Denmark and Greenland (GEUS), Oster Voldgade 10, 1350 Copenhagen K,
Denmark (aku@geus.dk; tni@geus.dk)

High-resolution multi-channel seismic and acoustic data (e.g. deep-tow side scan sonar) with addi-
tional information from sediment core studies and seabed photography are presented for illustrating
seabed bottom flow action in various parts of the North Atlantic. This includes the Faroe-Shetland
overflow gateway, the Southeast and Southwest Greenland Margin, and the Greater Antilles Outer
Ridge in the southwestern part of the North Atlantic (Fig. 1). Geomorphological response to North
Atlantic deep water circulation is expressed in a variety of dynamical bedforms ranging from mega-
scale contourites via well-defined sediment waves, sand ribbons and erosional furrows to small-
scale ripple marks. Dynamical bedforms are indicators of (past) extreme current events often not
captured by (long-term) current measurements due to decadal-scale variability in deep-ocean circu-
lation. The results from our study demonstrate that at (multi)decadal time scale near-bottom current
flow speed may reach values well in excess of what is known from shorter-term measurements. On
geological time scales, significant sediment (re)distribution and major contourite growth occurred
during strengthening of N-Atlantic mid-deep circulation between 18,000 and 14,000 cal yrs BP,
which is the period immediately following after the Last Glacial Maximum.

Fig. 1. Study areas (vellow) with North Atlantic thermohaline circulation pattern. Red and blue arrow lines
indicate warm surface and cold bottom water currents, respectively (from NOAA).
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Multi-Detect: a New Detection Method for Multibeam Sonars
Beregning af God-Moderat graensen for klorofyl i danske havomrader

Hanne Kaas', Karen Timmermann®, Anders Chr. Erichsen', Jesper Christensen® & Stiig Markager”

'DHI, Agern Allé 5, 2970 Horsholm, *Aarhus Universitet, Inst. for Bioscience, 4000 Roskilde

Miljemélet for god ekologisk tilstand i de marine vandomrader er bestemmende for hvilken belast-
ning omraderne kan tale (dvs. for malbelastningen). Det er derfor en forudsatning for vandplanerne,
at man har fastsat greensen mellem God og Moderat (G-M) tilstand.

G-M grenserne for sommerklorofylkoncentrationer kan fastlaegges ud fra kendskab til klorofylkon-
centrationer i en referencesituation og en sékaldt interkalibreret EQR vardi, som definerer den tilla-
delige forskel mellem referencesituationen og G-M gransen. For danske kystomrader er reference-
niveauet for klorofyl undersogt ved at anvende de modeller, der er udviklet til den marine Vand-
plans-verktejskasse. Undersegelsen er baseret pa estimater af referencebelastningen, der bygger pa
basis af data fra DCE/Aarhus Universitet og data fra Baltic Nest Institute. Hvor det er muligt er der
anvendt en ensemble tilgang, hvor referencetilstandens klorofylniveau er beregnet med begge de 2
typer af modelvarktgjer, statistiske modeller og mekanistiske modeller, der indgér i1 verktejskassen
(se abstract om disse). P4 basis af resultaterne og en typeopdeling af havomrader er G-M granserne
fastlagt for de enkelte vandomréder.

Denne preesentation vil gennemga de beregninger der er foretaget og diskutere resultater og usik-
kerheder.

Estimering af G-M granser kategoriseret i forhold til de 8bne vandomrader
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Flexsem — dynamisk gkologisk modellering for alle

Janus Larsen

Jjanus@bios.au.dk

Baltic Nest Institute (BNI) har gennem en arrekke arbejdet pa, at vurdere den ekologiske tilstand 1
Ostersoen. I denne forbindelse har BNI udviklet varktejer til fastsattelse af omkostningseffektive
virkemidler samt malsatninger for naringsstofudledninger med henblik pa, at opna god ekologisk
tilstand.

Som et led 1 dette arbejde har Institut for BioScience pa Aarhus Universitet 1 Roskilde udviklet
Flexsem — et modelverktej til 3D dynamisk modellering af fjorde og kystnaere omrader. Formélet
med dette har vaeret at 1) Estimere retentionen og omsatningen af de udledte neringsstoffer i fjorde
og kystnare omrader for dermed, at kunne levere input til den gkologiske model for Dstersgen. 2)
Kunne vurdere den gkologiske tilstand i fjorde og kystneere omrader under forskellige belastning-
og klimascenarier.

Flexsem benytter forsimplet hydrodynamik i fjorde og lukkede havomrader. Her antages det at op-
blanding domineres af horisontal transport fra abne rande ind i fjorden, vindstyret vertikal opblan-
ding samt stratificering ved udledning af ferskvand i overfladen. Flexsem gor det nemt og hurtigt at
opsatte og kalibrere 3D dynamiske modeller og med den forsimplede hydrodynamik opnds meget
lave beregningstider.

http://marweb.dmu.dk/Flexsem/
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Multi-Detect: a New Detection Method for Multibeam Sonars

Pim Kuus

PIM.KUUS@teledyne-reson.com

Teledyne RESON UK Ltd, Crombie Lodge 7, Campus 2, Balgownie Drive, Bridge of Don, Aber-
deen, AB22 8GU, UK

Conventionally multibeam surveys are focused on seabed mapping, but as multibeams become
more ubiquitous, we see a new array of applications emerging. In many such applications the inter-
est is no longer just limited to the seabed, but now also includes the water column. However, as
multibeams are traditionally optimized to detect the seabed we need to rethink our detection meth-
ods. In this paper we present a new detection method that now enables us to achieve multiple
soundings for each beam. This now allows us to achieve a finer detail of small or weak reflective
targets, and continue mapping in acoustically challenging areas. It also limits the requirement to log
water column backscatter data which comes with various data management challenges. Multiple
detections are generated in real-time by the providing an immediate and quantitative result. In this

paper we present our Multi-Detect feature and examples.
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Seabed sediments in Danish waters

J.0. Lethl), S. Lomholtl), Z. Al-Hamdani", J.B. Jensenl), N. N@rgaard-Pedersenl), C.S. Andresen",
D.J. Jensenz), L. Tougaardl), M.S. Andersen” and B. Larsen".

' GEUS, Oster Voldgade 10, 1350 Kobenhavn K. Corresponding author: jol@geus.dk
Y Orbicon, Ringstedvej 20, 4000 Roskilde

Sediment data from the Danish seabed collected during the last 15 years has been compiled into an
updated seabed sediment map covering the entire Danish EEZ. The new map shows by its classifi-
cation the nature and variability of the seabed sediments from the Baltic Sea to the far end of the
North Sea. The map is published as a digital map, which can be downloaded in GIS-format from
GEUS’ homepage www.geus.dk.

Since the previous version of the seabed sediment map was published in 2000 a comprehensive
amount of acoustic and sample data have been acquired in relation to different mapping projects as
e.g. habitat mapping, mapping for raw materials and construction works such as offshore wind
farms and the Femern Belt connection. All the newly acquired data are stored at GEUS in the Jupi-
ter and Marta databases. These data combined with other available data like bathymetry and biolog-
ical/fishery information constitute the basis for the interpretation of the seabed structure and the
distribution of the sediments in the upper 0.50 m of the seabed. Due to the scattered distribution of
data points the interpretation partly is based on extrapolations between data points and not at least
expert knowledge. The sediment classes used in the map is defined by specific grain size composi-
tion. However, the class “moraneler/till” is a mixed sediment and the class “sedimentary rock™ in-
dicates where deposits dating several million years back in time is emerging at the seabed (e.g.
around Bornholm and in @resund). The sediment distribution reflects the geological processes act-
ing at Present or in the past.

During the last decades the need for information about the seabed sediments has been increasing as
a consequence of EU directives for protection of the environment (habitats and fishery), national
regulation and planning for marine resources and a series of infrastructure projects like wind farms,
cables, fixed links etc. We expect that the new digital sediment map will be useful for an even wider
range of end users.
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Klima og gener: perspektiver fra pukkellaks

M.T. Limborg

DTU Aqua, moli@aqua.dtu.dk

Populationer i havet har tilpasset sig lokale miljoer over tusinder af generationer i et evolutionart
samspil mellem naturlig selektion og populationers genetiske variation. Men lokale miljoer @ndrer
sig 1 dag hurtigere end nogensinde som en direkte effekt af klimaforandringer. Dette medferer en af
fire skeebner for alle populationer: 1) udde, 2) migrere til andre omrader, 3) plastisk tilpasse sig nye
forhold, eller 4) genetisk tilpasse sig de nye forhold. Iseer viden om hvorvidt en population kan til-
passe sig genetisk er essentiel for vores forstielse af de langsigtede konsekvenser for havets res-
sourcer.

Pukkellaks lever i Stillehavet og er serlig velegnet til at studere hvilken rolle eksisterende genetisk
variation spiller for lokale populationers evne til at tilpasse sig fremtidige vilkér. Pukkellaks har en
toarig livscyklus og der efter gydning. Dette har resulteret i udviklingen af to tidsligt isolerede slaeg-
ter der deler gydehabitat mellem lige og ulige ar. De to slagter repraesenterer saledes to uathengige
genpuljer, som er udsat for helt identiske klimaforandringer. Populationer fra de to slaegter har re-
sponderet forskelligt pa klimaandringer selvom de lever i samme miljo.

Vi analyserede over 8000 genetiske markerer i populationer fra begge argange i tre forskellige flo-
der fra Alaska til Washington i USA. Vores resultater afslgrer at nogle gener viser parallelle tegn pé
selektion 1 begge slagter, mens andre gener viser store forskelle med signifikant mindre variation 1
populationer fra den lige argang. Resultaterne har eget vores forstaelse for betydningen af eksiste-
rende genetisk variation og illustreret at ikke alle populationer er kladt lige godt pa til fremtidens
klima. Ydermere diskuterer vi hvilke typer gener, der er vigtigst for populationernes fremtidige
overlevelse.
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Dansk Center for Havforskning

Dennis Lisbjerg og Anders Beck Jorgensen

Dansk Center for Havforskning: dch@danskhavforskning.net

Dansk Center for Havforskning, DTU Aqua, Jeegersborg Alle 1, 2920 Charlottenlund,

E-mail: deh@danskhavforskning.net

Kommanderkaptajn Anders Beck Jorgensen

Det er dyrt at chartre og udstyre et havforskningsskib for at gennemferer forskningstogter pa abent
hav.

Dansk Center for Havforskning (DCH) har som en af sine primare opgaver at administrere en pulje,
som kan stette skibschartring, for derigennem at forbedre forskernes adgang til at benytte havforsk-
ningsskibe.

Udover chartringspuljen, har DCH samarbejdsaftale med Marinehjemmevernet og i dialog med
Forsvaret set pd mulighederne for at Lauge Koch, et kommende inspektionsskib, kan understotte
forskningsaktiviteter.

Dansk Center for Havforskning er for 5 &r siden etableret under Forsknings- og Innovationsstyrel-
sen. Centeret ledes af en bestyrelse, som har reprasentanter fra universiteterne, de sektorspecifikke
forskningsinstitutioner, forskningsradssystemet og Forsvarskommandoen. Professor Bo Barker Jor-
gensen fra Aarhus Universitet er bestyrelsesformand, og centerets sekretariat er placeret ved DTU
Aqua og ledes fra 2015 af Colin Stedmon.
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Monitoring of sediment dynamics during disposal of dredged harbour sediment in Port of
Esbjerg, Denmark.

Ulrik Lumborg', Hans Jacob Vested', Signe Marie Ingvardsen®
! DHI, Agern Allé 5, DK-2970 Horsholm, Denmark. Tel : 4516 9200, E-mail: ulu@dhigroup.com
? Kystdirektoratet, Hojbovej 1, DK-7620 Lemvig, Denmark

During the summer and autumn of 2013 a monitoring programme of disposed harbour sediment in
Esbjerg harbour was defined. The aim was to quantify the effect of the disposal on the naturally
occurring sediment dynamics with emphasis on the concentrations. This was achieved by using a
combination of fixed installed equipment and vessel based surveys.

The overall goal was to measure the effect of the disposed sediment on the natural sediment con-
centrations in the area and to measure in detail how the sediment clouds are dispersed in the area.

The study was undertaken in the Northern part of the Danish Wadden Sea outside Port of Esbjerg.
The primary investigation area was in the Southern part of the harbour area where a new port exten-
sion is being established. In connection with this extension also a new disposal site is established.
From the harbour basins is annually dredged between 200.000 and 600.000 m® of material. During
the period 1993-2011 an average of 425.000 m® was disposed on the designated disposal sites out-
side the harbour. The immediate spreading and subsequent deposition has previously been investi-
gated mainly based on numerical modelling techniques.

Just south of the new disposal site a fixed station was set up including measurements of currents
(ADCP), turbidity (Wet Labs WQM) and other water quality parameters. All equipment at this main
station was set up with a temporal resolution of 2 minutes in order to capture the anticipated very
short term increases of the sediment concentrations due to the disposal. The measurements were
supplemented with background fixed stations and vessel based surveys.

Due to the defined programme a number of good time series of total suspended matter concentra-
tion were obtained. Time series of current speed and direction thus provided information for com-
putation of sediment flux out of the disposal site. Combined with vessel based surveys of especially
grain size distributions the programme gave a good impression of the natural and man-made sedi-
ment dynamics at the site.

Measurements of grain size distributions show that the disposed material and the natural sediment
have similar physical properties. It must therefore be anticipated that the disposed material after the
spreading in the area and deposited cannot be distinguished from the natural sediment in the tidal
area. Further it can be argued that disposal of harbour sediment does not bias the natural sediment
dynamics in any specific area. The measurement programme suggested that compared to earlier
studies a vast amount of sediment is deposited at the bed. This sediment may remain at the site for a
period. After some time this sediment is mobilised for any reason and the sediment concentration in
the vicinity of the disposal site may increase for a short period before all disposed sediment is inte-
grated in the natural sediment cycle and can no longer be distinguished. It was not possible to detect
any increases of total suspended matter concentrations linked to sediment disposal at the two back-
ground stations. This strengthens the finding that the disposed sediment quickly integrates in the
natural sediment transport in the area.
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Koncept for miljevurdering af marine omrader udviklet for 2. generation af vandplaner og
beregning af ngdvendige reduktion i naringsstoftilfarsler for opnaelse af god gkologisk til-
stand

Stiig Markager, Karen Timmermann, Jesper P. A. Christensen & Ciaran Murray
Aarhus Universitet, Institut for Bioscience, 4000 Roskilde

I forbindelse med udarbejdelsen af det faglig grundlag for naeste generation af vandplaner, har vi
udviklet et koncept som inddrager en raekke forskellige kriterier for at vurdere miljetilstanden 1 ma-
rine omrader. Kriterierne er; 1) forekomst af iltsvind, 2) potentiel kvalstofbegrensning, 3) lys-
svakkelse 1 vandsejlen 1 forhold til dybdeudbredelse af dlegrees, 4) akologiske effekter af iltsvind
og 5) klorofyl koncentration. I projektet er anvendt bade empiriske og dynamiske modeller for at
kvantificere sammenhangen mellem miljetilstand og neringsstoftilfersler. I denne prasentation
beskrives, hvordan miljemal kan kvantificeres, og hvordan en vagtet model for ovenstaende kriteri-
er er anvendt for at beregne den maksimalt acceptable tilfersel (méltilforsel) for opnaelse af *god
okologisk tilstand’. Konceptet er anvendt pa 29 vandomrader. I praesentationen viser vi hvordan
konceptet virker for omrader som er taet pa *god ekologisk tilstand’ og i omrader, hvor der er behov
for en meget betydelig reduktion af de nuvaerende tilforsler. Endvidere kvantificerer vi det samlede
indsatsbehov i forbindelse med naste generation af vandplaner.
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Design af fremtidens Danmark — Integreret forvaltning af vores natur og landskab med fokus
pa udledning af naringsstoffer og miljgtilstanden i havet

Stiig Markager et al.
Aarhus Universitet, Institut for Bioscience, 4000 Roskilde

Neringsstoffer — kveelstof og fosfor — er giet fra at vaere en sparsom ressource til et forureningspro-
blem for hele vores natur, men is@r i vandmiljeer. Danmark har reduceret sine udledninger af fosfor
og kvealstof meget betydeligt over de sidste 30 ar, og vi er nu ved at naermer os et niveau som er i
balanse med den omgivende natur. Det har kostet et to cifret milliard beleb. Vi er nu pé vej ind i en
ny fase. Hvor udfordringen tidligere udelukkende var at nedbringe udledningerne, naermer vi os en
situation, hvor nogle omrader har et acceptabelt niveau for kvalstof og fosfor tilfersler, mens andre
omrdder stadig modtager alt for meget. Samtidig er der et hensyn til omkostninger. Fremtidens ud-
fordring bliver at forvalte vores landskab og natur pa made som er optimal set i forhold til ekonomi,
erhvervsinteresser og naturvardier. Det sidste omfatter bade direkte udnyttelse ved fx fiskeri og
herlighedsverdier. Disse udfordringer kraever en integreret forvaltning. Det kan forega ved at kom-
binere modeller for omkostninger ved naringsstofreduktioner, omseatning af neringsstoffer i land-
skabet og vandmiljeet, fiskeri og vaerdisetning af herlighedsverdier. Projektet 'IMAGE - Integrated
Management of Agriculture, Fishery, Environment and Economy’ sgger at lose disse udfordringer. I
denne prasentation presenteres modelkomplekset og de vigtigste resultater.

Cost model:

A-scenarios:

Scenarios describing
different ways to achieve
B-scenarios > different
policies = different cost

Costs: direct in
€ and indirect
effects

Description
of specific
actions

Marine Fish/fishing models -
Catchment processes biogeochemistry - Atlantis DISPLACE-SMS:
- SWAT model: ‘ ERGOM model: — D-scenarios: Strategies
B-scenarios: measures C-scenarios: Different for management of
on land inputs of nutrients to T TS fishing

the sea effects:

Loadings: tons
N and P pr.
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Benefitsin €
or indirect
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Oxygen, 3) Water
clarity, etc.

Fishing output:
Tons pr. Year
pr. species

Ecosystem services:
Assessment tools describing
direct and indirect changes in
benefits from fishing or
changes in water quality
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Modeling the spectral absorption of colored dissolved organic matter (CDOM)

Philippe Massicotte and Stiig Markager
Aarhus University, Department of Bioscience, 4000 Roskilde

The colored fraction of the dissolved organic matter pool (CDOM) is responsible for the optical
proprieties of most natural waters and plays a key role for ecosystems functioning. For example,
CDOM can limit the penetration of light and thus influence the spatial distribution, species com-
position and productivity of phytoplankton and macrophytes. Optical measurements, such as
absorption (see Fig. 1), have been widely used to characterize CDOM proprieties. The spectral
slope (S, nm ~ ') — an indication of the exponential decreasing rate in absorption as wavelength
increase — has been used as a proxy of the chemical composition of the CDOM pool and it origin
(Stedmon and Markager 2001). S is generally calculated by fitting the absorption data to:

_ -S4 — Are
) = yrer > € /)

where a is the absorption coefficient (m H, A= wavelength (nm), and /,.,= a reference wavelength
(nm). Equation 1 assumes that absorption follow a continuous decrease as wavelength increase, and
so the spectral range 4, < 4 < Auqy used to fit the data is not expected to influence the S-value.
Consequently, different spectral ranges have been proposed to estimate S (ex.: S300 - 700, S275 -

295, 9350 — 400, 280 — 650)[Helms et al., 2008; Osburn, Retamal, and Vincent 2009]. However, it is not
uncommon to observe peaks in absorption spectra (Fig. 1), presumably related to the presence of
specific organic compounds. In these situations, the value of S is strongly dependent on the choice
of the spectral range used to fit the data. The lack of consensus in the choice of the spectral range
severely limits our ability to compare results from the literature and thus our understanding on how
S vary in different aquatic ecosystem on the global scale.
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Figure 1. Modeled absorption spectrum (black line, see
Eq. 1) and proposed model (red line) to models regions
where peaks occur to give a better estimation of S.
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Spectral Slopes and Slope Ratios as Indicators of Molecular Weight, Source, and Photobleaching of Chromophoric Dissolved
Organic Matter.” Limnol. Oceanogr. 53 (3): 955-969.

Osburn, Christopher L., Leira Retamal, and Warwick F. Vincent. 2009. “Photoreactivity of Chromophoric Dissolved Organic Matter
Transported by the Mackenzie River to the Beaufort Sea.” Mar. Chem. 115 (1-2) (June): 10-20.

Stedmon, C A, and S Markager. 2001. “The Optics of Chromophoric Dissolved Organic Matter (CDOM) in the Greenland Sea: An
Algorithm for Differentiation Between Marine and Terrestrially Derived Organic Matter.” Limnol. Oceanogr. 46 (8): 2087-2093.
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Vandloppers rolle i kulstofomsaetningen i en hgjarktisk fjord, Young Sound, Nordgstgrgnland

Ane Bruun Middelbol, Mikael Kristian Sejrl, Kristine Engel Arendtz, Eva Friis Meller'”

!rctic Research Centre, Aarhus University, C. F. Mollers Alle 8, bygning 1110 lokale 112

8000 Aarhus C, Denmark, Ane.Middelbo@bios.au.dk

’Greenland Climate Research Centre, Greenland Institute of Natural Resources, Kiviog 3, Po Box

570, 3900 Nuuk, Greenland

Department of Bioscience, Aarhus University, Frederiksborgvej 399, 4000 Roskilde, Denmark

Det arktiske fjord- og havmilje er under forandring. Klimaan-
dringer forer til stigende temperaturer, mindre isdeekke og stor-
re ferskvandstilforsel. Tidligere studier har vist, at dette resul-
terer 1 en mere udpraeget lagdeling af vandmasserne med faerre
naringsstoffer 1 de ovre vandmasser, hvilket favoriserer pico-
fytoplankton frem for nano- og microfytoplankton. Samtidig
pavirkes ogsa timing og sterrelsen af primarproduktionen.
Vandlopper udger ofte det vigtigste led mellem fytoplankton
og hejere trofiske niveauer i de pelagiske fodekader, og det er
derfor vigtigt at forstar hvordan deres grasningsaktivitet og
produktion reguleres. Fra d. 11. juli til d. 7. oktober 2014 un-
dersagte vi vandloppernes rolle 1 kulstofomsatningen 1 Young
Sound, Nordestgrenland. Mélinger blev foretaget ved fire sta-
tioner i fjorden lokaliseret pa et transekt fra den inderste fersk-
vandspavirkede Tyrolerfjord (station 1) til det hgjsaline Gron-
landshav ved udmundingen af fjorden (station 4). Denne fersk-
vandsgradientgradient ger Young Sound til et oplagt sted at
studere effekten af eget ferskvandsafstremning. Vi malte vand-
loppesamfundets sammensatning, biomasse, graesning og pro-
duktion. Pa baggrund af den tidslige og rumlige variation 1 vo-
res provetagninger undersgger vi hvordan forskellige abiotiske
og biotiske faktorer pavirker vandloppernes samfundssammen-
setning og rolle i kulstofomsatningen i fjorden. Figur 1 viser
vandloppernes grasningsaktivitet pd de fire stationer. Her ses
en sammenhang mellem Chl a > 10 um og graesningsaktivite-
ten, samt en ekstrem lav produktion ved den inderste fersk-
vandspéavirkede station 1.
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Figur 1 Chl a > 10 pm (mg C m™) og
vandloppernes grasningsaktivitet (malt
som specifik faekalieproduktion,
ngC/ugC/d) pa fire stationer i Young
Sound i perioden juli til oktober 2014.
Det gra omrade udger Chl a koncentrati-
onen, mens den sorte linje udger gres-
ningsaktiviteten.
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Virkning af sedimentspild pa lysforhold og veekst af makroalger, eksempel fra Femern Belt.
Anne Lise Middelboe'?, Flemming Mehlenberg', Erik Koch Rasmussen', Mads Birkeland'
IDHI, Agern Allé 5, 2970 Horsholm, Denmark

2ami@dhi OTOUp.COMm

Bygge- og anlegsaktiviteter 1 kystzonen stiger verden over, for at imgdekomme de voksende gko-
nomiske og samfundsmaessige interesser. Et eksempel er den planlagte faste forbindelse over Fe-
mern Belt, der vil forbinde Danmark og Tyskland. Den planlagte senketunnel forventes at blive
verdens leengste kombinerede vej- og jernbanetunnel. Opgravning af havbunden, er en uvagerlig
del af anlegsarbejder i kystzonen, som kan pavirke fotosyntese og vaekst af havgrasser og makro-
alger, fordi spildt sediment oger lyssvakkelsen i vandsejlen. Virkningen athanger af sedimentets
kornsterrelse, faldhastighed og specifikke lysabsorption samt af de dominerende arters fotosynteti-
ske karakteristika.

I laboratorieforseg blev fotosyntetiske parameter (I, Ik, selv-skygning) bestemt for tre makroalgear-
ter, der potentielt kan blive pavirket af gravearbejdet. I et andet laboratorieforseg blev den specifik-
ke lysvaekkelseskoefficient bestemt for forskellige storrelsesklasser af spildte sediment. Resultater-
ne blev anvendt i et 3D model kompleks (MIKE), der beskrev hydrodynamik, sediment spredning
og okologiske forhold, for at forudsige virkningerne af anlaegsarbejdet.

De modellerede makroalgebiomasser svarede godt til de mélte biomasser. Den anvendte modeltil-
gangen gav mulighed for at vurdere udbredelse og varighed af virkninger i1 perioder med varierende
graveintensiteter samt forskelle mellem sasoner, arter og dybder.
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Evolution of narrow band - high frequency hearing in odontocetes

Lee A. Millerl, Anders Galatius2, Morten Tange Olsen3,

Rachel Ann Racicot4, Mette Steeman’

! Institute of Biology, University of Southern Denmark, Campusvej 55, 5230, Odense M, Denmark

? Department of Bioscience - Marine Mammal Research, Aarhus University, Fuglesangs Alle 26,
8210 Aarhus, Denmark

? Statens Naturhistoriske Museum, University of Copenhagen, Norregade 10, 1165 Kobenhavn,
Denmark

? Department of Geology & Geophysics, Yale University, 210 Whitney Avenue, New Haven, CT
0651, USA

? Museum Sonderjylland, Naturhistorie og Paleeontologi, Lergravsvej 2, 6510, Gram, Denmark

Whale biologists generally agree that predation by killer whales provided selection pressure for
driving up the biosonar frequencies of some odontocetes. This made the signals of these species,
like the harbor porpoise, less audible to their predator. But why should the acoustic signals of 13 to
15 known species in four families have peak frequencies between 120 kHz and 140 kHz? We pro-
pose and argue that at these frequencies an ambient noise minimum exists and has so over the past
10 million years or more. The spectral properties of the signals produced by smaller odontocetes,
like the harbor porpoise, have thus been shaped by predation pressure from larger odontocetes, driv-
ing the frequency up, and limited by increasing ambient noise above about 140 kHz. The result is a
high frequency, narrow band acoustic signal. To support the above conclusions we use paleonto-
logical, paleeoclimatic, anatomical and phylogenetic data.
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De toksiske egenskaber for Karlodinium spp. Et studie af to Karlodinium arters toksicitet og
effekt pa livsstadier af blamuslingen (Mytilus edulis) og fiskelarver (tandkarpen, Cyprinodon
variegatus).

Sofie Bjernholt Mogensen', Per Juel Hansen', Bent Vismann', Terje Berge'
Nikolaj Gedsted Andersen'

! Marinbiologisk sektion, Biologisk institut, Kobenhavns Universitet, Strandpromenaden 5, 3000
Helsingor.

Dinoflagellaten Karlodinium armiger har en negativ og dedelig effekt pa voksne og tidlige livssta-
dier af blamuslingen (Mytilus edulis). Karlodinium armiger forterer &g og larver og pavirker voks-
ne individer til fuldstendig at stoppe filtrering. Dede muslinger observeres tilmed efter 24 timers
eksponering til den toksiske dinoflagellat. Muslinger eksponeret til cellefri filtrater af K. armiger
blandet med foderalgen Rhodomonas salina opretholdt filtrering og ingen dedelighed blev observe-
ret.

En besleegtet art, Karlodinium veneficum, er kendt for at producere nogle toksiner, samlet kaldet
karlotoksiner. For nylig er der fundet et nyt type karlotoksin fra K. armiger. Toksinet ser ud til at
indeholde en primer aminogruppe, baseret pA HR-MS (High Resolution Mass Spectrometry), og er
det eneste karlotoksin fundet med denne funktionelle gruppe, ligesom det er det forste karlotoksin
fundet for en anden art end Karlodinium veneficum (Rasmussen, ikke publiceret data).

Mit igangverende studie omhandler rollen af levende celler i toksiske kulturer af K. armiger og K.
veneficum 1 forholdet til toksinproduktion og effekt pd andre organismer. Ichthyotoksiske strammer
af K. armiger og K. veneficum er fundet ved test pa fiskelarver (tandkarpen, Cyprinodon variega-
tus;1-5 dage efter kleekning). Dosis/respons-eksperimenter ved brug af fiskelarverne vil blive udfert
med Karlodinium kulturer dyrket under kvelstofbegraensede betingelser. Den relative toksinkon-
centration vil blive fulgt gennem kulturernes vakstfaser og mangden af henholdsvis cellebundet og
ekstracellulert toksin vil forsgget blive bestemt. Karlotoksiner er kendt for at hefte sig f.eks. til
polare overflader som plastik og teflon. Denne egenskab gor det muligt at fjerne ekstracellulart
toksin fra kulturmediet, og gor det muligt at studere effekten af cellebundet og ekstracellulert tok-
sin uathangigt af hinanden.
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Ny forstaelse for alens tidlige opveekst i Sargassohavet

Peter Munk

DTU Aqua, Charlottenlund Slot, 2920 Charlottenlund, pm@aqua.dtu.dk

Med baggrund i den dramatiske nedgang i rekruttering og bestand af Europaisk dl gennemfores
12014-16 projektet SARGASSO-EEL rettet mod forbedret indsigt 1 dlens tidligste opveekst.
Dansk Center for Havforskning og Carlsbergfondet, stotter dette projekt, der bygger pa en om-
fattende feltundersegelse pa dlens gydepladser i Sargassohavet. Feltunderseggelsen blev gennem-
fort som ”Den danske aleekspedition 2014 1 perioden 28/2-5/5 2014, og satte fokus pd sam-
menhangen mellem oceanografi, biologisk produktion, dlens gydning samt alelarvernes op-
vakst og drift.

Forste del af togtet i Sargassohavet havde fokus pé at afgrense gydeomradet, samt at beskrive ale-
larvernes udbredelse og opveakstvilkar i forhold til de eddies og fronter der findes i omradet. De
specielle hydrografiske forhold skaber generelt gode betingelser for fiskeyngelen. P4 anden del af
togtet fortsatte provetagningerne estover mod Azorerne for at undersege hvor langt gydeomradet
strekker sig mod ost, og hvilke havstremme der forer larverne mod Europa. Tredje del af togtet
undersogte forekomsten af den rgang larver der var ved at nd Europas kyster.

Pé ekspeditionen blev der indsamlet pa 72 forskellige lokaliteter i et omréde pa over 2000 kilome-
ters bredde. Ekspeditionens forelebige resultater viser den sterke sammenhang mellem alens op-
vaekst og de hydrografiske forhold. Alelarverne er tilpasset det specielle oligotrofe okosystem,
men gjensynligt skaber de processer der er knyttet til dem omradets eddies og fronter en relativt
hejere produktion, og larverne var koncentreret nar disse zoner. Observationerne indikerer endvi-
dere at der er sket en reekke @ndringer i gydeomraderne, som kan pévirke élelarvernes overlevelse
og rejse til Europa. Blandt andet var havtemperaturen i gydeomradet er 1-3 grader hgjere end hvad
der har varet set pa samme lokaliteter under tidligere undersagelser.

Projektet indeholder 23 underprojekter og der foregér for gjeblikket en intensiv oparbejdning og
analyse af prover og malinger. M@ngden af materiale og de forelobige resultater viser at vi vil
opna en unik indsigt i fysiske og biologiske processer i Sargassohavet og vil kunne bidrage til

bedemmelsen af de mulige &rsager bag alens tilbagegang.
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Fer vi kan forudsige fremtidens klimaeffekter ma vi forsta fortidens eendringer

Flemming Mghlenberg

DHI, Agern Allé 5, 2970 Horsholm, Denmark

Med fa undtagelser fremskriver vi effekter af et fremtidigt klima ud fra vores viden om @&ndrede
proceshastigheder hos mikroorganismer drevet af hgjere temperatur, hejere CO, indhold og sterre
nedber og neringsafstromning, mens pavirkning af vigtige habitatdannende arter sd som alegraes,
muslinger og osters enten negligeres eller beskrives forsimplet via afledede effekter pd den pelagi-
ske primerproduktion og @ndrede lysforhold som folge af oget turbiditet. Historiske informationer
viser et mere nuanceret billede, fx at bestanden af europaiske esters i Limfjorden var stor eller oge-
des i1 varme perioder (1915-20, og igen efter 2005), mens udbredelsen af dlegraes tilsyneladende
blev favoriseret 1 kolde og blaesende perioder (omkring 1895-1910, 1960-erne og 1985-1993). Der-
imod klarede alegrasbestandene sig darligt i perioder med varme, vindsvage somre (1932-1942,
alegreessyge!) og bestandene har ogsa klaret sig darligt i gennem 00-erne til i dag, hvor der er sat
flere varmerekorder.
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Capacity of high-resolution data and modelling techniques to predict drivers and distribu-
tions of vulnerable deep-sea ecosystems

C. Mohn
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"Department of Ecology and Environment, DHI Water and Environment, Horsholm, Denmark.

Little is yet known about species distribution patterns and physical drivers in deep-sea environ-
ments due the expensive and time consuming sampling effort. The increasing need to manage and
protect vulnerable marine ecosystems, such as cold-water corals, has motivated the use of predictive
modelling tools, which allow assessment of potential species or habitat distribution on larger spatial
scales and resolution than traditionally accomplished by individual surveys. Advances in acoustic
remote sensing, oceanographic modelling and sampling technology now provide high quality da-
tasets, facilitating species distribution modelling with high spatial detail. In this study, we used high
resolution data (250 m grid size) from a newly developed hydrodynamic model to explore linkages
between key physical drivers and occurrences of the cold-water coral Lophelia pertusa in selected
areas of the NE Atlantic. Further, these model data were combined with high resolution terrain at-
tributes and video transect derived species distribution data to test the capacity of multi-parameter
high-resolution data for improving the predictive skill of species distribution models using Lophelia
pertusa as a case study. The study shows that predictive models incorporating hydrodynamic varia-
bles perform significantly better than models based on terrain parameters only. They are a potential-
ly powerful tool to improve our understanding of deep-sea ecosystem functioning and to provide
decision support for marine spatial planning and conservation in the deep sea.
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The effect of sub-mesoscale spatial heterogeneity on phytoplankton diversity in the
North Atlantic

Erik Askov Mousing', Katherine Richardson', Jergen Bendtsen?, Ivona Cetini¢’, Mary Jane Perry’

! Center for Macroecology, Evolution and Climate, Natural History Museum of Denmark, University
of Copenhagen, Copenhagen, Denmark
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’Darling Marine Center, School of Marine Sciences, University of Marine, Walpole, USA

Phytoplankton community composition in 30 samples from the Northeastern Atlantic during the
onset of the spring bloom in 2008 was examined in an effort to identify and understand the effect of
small scale spatial heterogeneity on phytoplankton community composition and diversity. Species
assemblages divided into two groups each associated with specific salinity characteristics. These
characteristics corresponded almost exactly with patches formed by eddy-driven stratification
identified by Mahadevan et al. (2012). The patch region was dominated by species from the genus
Chaetoceros and the samples collected here were characterized by having high biomass and
taxonomic richness compared to the surrounding water (outside patch region). Furthermore, both
time and temperature were identified as important predictors of beta diversity in the patch region
suggesting that community development was evolving from a similar start population and that
increasing temperature could be an important driver of change in community composition. The
surrounding water (outside the patch region), was dominated by the species Cerataulina pelagica
and the samples were characterized by having low biomass and low taxonomic richness. Beta
diversity outside the patch region was not correlated to any of the abiotic variables measured
indicating that community composition in these regions was primarily controlled by stochastic
processes. The apparent spatial (patch/non-patch) separation of phytoplankton communities
suggests that sub-mesoscale frontal dynamics may be major drivers of regional to global
phytoplankton diversity by increasing available niches and introducing small scale dispersal
barriers.

References
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Total kveelstof og fosfor koncentrationer i Danske fjorde over 23 ar — effekten af belastnings-
reduktioner

Ciaran Murray, Jesper P. A. Christensen, Stiig Markager, Karen Timmermann

Institut for Bioscience, Arhus Universitet, 4000 Roskilde

Mellem 1980 og 2013 er kvalstof og fosfor tilfersler til de danske farvande reduceret med hhv.
50% og 90%. I den naste generation af vandplaner bliver der kigget fremad, og beregnet hvor me-
get tilforslerne skal reduceres yderligere for at opna god ekologisk tilstand. Vores mal her er at kig-
ge bagud og dokumenterer effekten af reduktioner i kvaelstof og fosfor belastning til de danske fjor-
de i perioden 1991 til 2013.

Der blev udviklet empiriske modeller for at kvantificere relationer mellem naringsstoftilfersler og
naringsstofkoncentrationer for 23 malestationer. Modellerne beskriver variation i koncentrationerne
som funktion af tilfersler. I modellerne indgar ogsé klima- og fysiske variabler.

Vi beskriver yderligere hvordan relationerne mellem koncentrationer og tilforsler varierer mellem
stationerne og diskuterer drsagerne til denne variation. Residualerne fra de empiriske modeller ana-
lyseres og vi diskuterer om de kan fortelle os noget om tidsforsinkelser mellem naringsstof reduk-
tioner og deres effekter i fjordsystemerne.
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Estimering af zooplankton dadelighed i en 3D gkosystemmodel ved at anvende en rumlig- og
tidslig varierende fiskepraedation
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Zooplankton har en central rolle i det pelagiske foedenet. De transporterer energi op gennem fode-
nettet ndr de graesser pa fytoplankton og selv bliver spist af f.eks. fisk. Samtidig vil @ndringer i fi-
skenes pradation (f.eks. pga. @ndringer i fiskeriet) pavirke de lavere trofiske niveauer gennem an-
dringer i zooplanktonbiomasse og derved grasningstryk pa fytoplankton. I de fleste biogeokemiske
modeller er zooplanktonets respons til endringer i miljoet (klima, eutrofiering) velbeskrevet. Der-
imod er dedeligheden af zooplankton pga. fiskepradation ofte meget forenklet uden at medtage den
rumlige og tidslige variation af fiskene og miljefaktorer (f.eks. temperatur). Vi testede derfor mu-
ligheden for at bruge en mesozooplankton dedelighed 1 en 3D model (HBM-ERGOM) baseret pa
estimerede pradationsrater fra de mest dominerende fisk og fiskelarver i Nordseen og Kattegat
(Maar et al. 2014). Den rumlige og tidslige fordeling af sild, hestemakrel, makrel, tobis og brisling
blev beskrevet ud fra videnskabelige overvagningstogter og danske fangstdata. Disse data blev om-
regnet til et praedationstryk pa mesozooplankton ved at omregne fangstdata til fiskebiomasser og
anvende pradationsrater baseret pa litteraturvaerdier. Preedationen fra fiskelarver blev beregnet ved
hjelp af en rumlig, storrelsesbaseret larvemodel. Det storste fiskepraedationstryk viste sig at komme
fra sild (45%,), fiskelarver (35%) og tobis (16%). Fiskepreaedationen 1 3D modellen udgjorde tilsam-
men 36% af den totale dedelighed for mesozooplankton. Den beregnede fiskepradation @ndrede
det rumlige og tidslige menster af mesozooplankton dedelighed, biomasse og produktion 1 forhold
til en konstant dedelighed. Denne nye metode giver et mere realistisk billede af praedationen pd me-
sozooplankton.
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Ny forstaelse for alens tidlige opveakst 1 Sargassohavet

Peter Munk
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Med baggrund i den dramatiske nedgang 1 rekruttering og bestand af Europzisk al
gennemfores i 2014-16 projektet SARGASSO-EEL rettet mod forbedret indsigt 1 alens
tidligste opvakst. Dansk Center for Havforskning og Carlsbergfondet, stetter dette projekt,
der bygger pa en omfattende feltundersegelse pa alens gydepladser i Sargassohavet.
Feltundersogelsen blev gennemfort som "Den danske dleekspedition 2014 i perioden 28/2-
5/5 2014, og satte fokus pa sammenhangen mellem oceanografi, biologisk produktion, alens
gydning samt alelarvernes opvaekst og drift.

Forste del af togtet 1 Sargassohavet havde fokus pa at afgrense gydeomradet, samt at
beskrive alelarvemes udbredelse og opvakstvilkar i forhold til de eddies og fronter der findes
1 omradet. De specielle hydrografiske forhold skaber generelt gode betingelser for
fiskeyngelen. Pa anden del af togtet fortsatte prevetagningerne ostover mod Azorerne for at
undersege hvor langt gydeomradet streekker sig mod ost, og hvilke havstremme der forer
larverne mod Europa. Tredje del af togtet undersogte forekomsten af den &rgang larver der
var ved at nd Europas kyster.

Pé ekspeditionen blev der indsamlet pa 72 forskellige lokaliteter i1 et omrade pé over 2000
kilometers bredde. Ekspeditionens forelebige resultater viser den sterke sammenhang
mellem élens opvakst og de hydrografiske forhold. Alelarverne er tilpasset det specielle
oligotrofe ekosystem, men ejensynligt skaber de processer der er knyttet til dem omradets
eddies og fronter en relativt hejere produktion, og larverne var koncentreret ner disse zoner.
Observationeme indikerer endvidere at der er sket en rekke zndringer i gydeomraderne, som
kan pavirke alelarvernes overlevelse og rejse til Europa. Blandt andet var havtemperaturen i
gydeomradet er 1-3 grader hojere end hvad der har varet set p4 samme lokaliteter under
tidligere undersogelser.

Projektet indeholder 23 underprojekter og der foregar for gjeblikket en intensiv oparbejdning
og analyse af prover og méalinger. Mangden af materiale og de forelgbige resultater viser at
vi vil opna en unik indsigt i fysiske og biologiske processer 1 Sargassohavet og vil kunne
bidrage til bedemmelsen af de mulige arsager bag alens tilbagegang.
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Intern hydraulisk kontrol i Lillebalt. Stremningskonfigurationer og vandmasser.
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Vi har tidligere vist, at intern hydraulisk kontrol, et fenomen som optrader, nar en lagdelt vaeske
presses gennem en indsnavring, kan forekomme i1 den nordlige, snavre del af Lillebaelt. Fenome-
net medferer dels en given fordeling af vandferingen mellem vandmasserne, dels en meget kraftig
blanding. Vores undersegelser fra tidligere viste endvidere, at intern hydraulisk kontrol kunne vere
en sandsynlig forklaring pa stor primarproduktion og hej klorofylkoncentration observeret bade
nord og syd for Snavringen i det nordlige Lillebaelt. Her prasenterer vi resultaterne af en ngje ana-
lyse af data indsamlet i forskellige forbindelser 1 2004. Dels viser resultaterne, at intern hydraulisk
kontrol er et hyppigt forckommende fanomen i det nordlige Lillebelt, og at det dermed bidrager
betragteligt til produktion af naringsrige vandmasser med en densitet svarende til ca. midt i vand-
sojlen. Dette kan betyde, at intern hydraulisk kontrol spiller en vigtig rolle for primarproduktionen
midt i vandsejlen, som 1 flere studier har vist sig at veere mindst lige sa vigtig som 1 overfladelaget.
Dels viser resultaterne, at intern hydraulisk kontrol i1 det nordlige Lillebaelt kan optraede 1 forskellige
stromningskonfigurationer. Dette er kendt fra laboratorieforseg i lille skala og betyder, at enten det
ovre eller det nedre lag er aktivt og accelererer gennem indsn@vringen. Endvidere viser data fra
amternes overvagningsprogram, at de vandmasser, som produceres ved den interne hydrauliske
kontrol, kan identificeres langt fra det sted, hvor de er produceret, og at netop de vandmasser er
forbundet med en langt hgjere koncentration af fytoplankton end de omgivende vandmasser.

I foredraget vil vi ogsé kigge frem mod et forestaende togt med R/V Aurora, stettet af Dansk Center
for Havforskning, hvor vi primart 1 Storebelt vil prove at identificere steder med intern hydraulisk
kontrol og deres betydning for de biologiske forhold. I modsetning til Lillebelt og Oresund, hvor
feenomenet ogsé er kendt, kan det imidlertid vaere svart at finde intern hydraulisk kontrol 1 Store-
baelt pga. de komplicerede bathymetriske forhold. Der er dog god grund til at formode, at fenome-
net optraeder hyppigt et eller flere steder i Storebelt. I givet fald vil intern hydraulisk kontrol spille
en enorm, men hidtil ukendt rolle for bade de fysiske og de biologiske forhold i de danske farvande.
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Potentiale for optimering af muslingeopdraet i forhold til et mere arealintensiv virkemiddel til
naeringsstoffjernelse.

Pernille Nielsen, Peter J. Cranford, Marie Maar, Jens Kjerulf Petersen
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Med vandplanerne er der kommet fokus pa virkemidler til opfyldelse af de opstillede mal, specielt
med henblik pa reduktion af tilferslen af naringssalte til fjorde og kystnare farvande. De fleste vir-
kemidler ligger pa land, men det er ogsd muligt at nd de marine mélsatninger for vandkvalitet gen-
nem fjernelse af naringssalte i recipienten, fx gennem produktion af muslinger. Opdrat af blamus-
ling er derfor blevet foreslaet som en muligt virkemiddel til fjernelse af neringsstoffer fra vandmil-
joet.

I forskningsprojektet MUMIHUS, under Det Strategiske Forskningsrad, blev konkret brug af mus-
linger som virkemidler undersogt pé forskellig vis. En veasentlig del af projektet var dedikeret til at
undersoge opbygningen af muslingebiomasse og om den fulde produktionskapaciteten for anlegget
var néet set ud fra et onske om maksimal fjernelse af naringsstoffer.

Muslingevaekst og reduktion 1 fodekoncentrationen blev undersogt i et langline muslinganlag place-
ret 1 Skive Fjord. Ved brug af forskellige metoder, undersogte vi de rumlige (fra organisme til anleg
skala) og tidsmaessige (arstidsvariation) variationer i1 reduktionen af fedekoncentrationen. Resulta-
terne viste, at reduktionen 1 fedekoncentration foregédr pa forskellige rumlige niveauer i anlegget.
Den gennemsnitslige fodereduktion i1 anlegget var 13-31%, men i nogle omrader inde i opdratsan-
leegget blev der observeret mere end 50% reduktion i1 foeden. Federeduktionen pa organisme-niveau
viste fadereduktioner pa 27-44% i en afstand af 20 cm fra muslingerne. Resultaterne fra de forskel-
lige metoder blev integreret i en “udtyndings-model” for muslingeanlaegget, som viste, at muslin-
gernes vakstrate 1 nogle perioder af aret var tet pa den maksimale veakstrate. Modelresultaterne
viste ogsa, at muslingeanlaegget var underudnyttet i forhold til produktion af muslingebiomasse, da
der var et overskud af tilgeengeligt fode. Det betyder, at biomassen af muslinger i anlegget potenti-
elt kan fordobles, hvorved fjernelse af fytoplankton (naringsstoffer) kan maksimeres og gere kom-
pensationsopdrat mere areal-intensivt.
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Biotilgeengelighed og mikrobiel nedbrydning af organisk materiale i en hgjtaktisk fjord,
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Effekter af klimaforandringer forventes at vaere store i Arktiske fjorde, hvor reduceret isdeekke og oget
ferskvandsindstremning og dermed oget tilforsel af allochthont organisk stof forventes at pavirke omsaet-
ningen af organisk materiale og naringssalte, med potentiel store implikationer for gkosystem metabo-
lisme og trofiske interaktioner. Med fokus pé at belyse biotilgeengeligheden og omsatningen af det orga-
niske materiale, undersogte vi tilforsel, produktion og nedbrydning af organisk stof igennem en vakstse-
son (juli-oktober 2014) i den arktiske fjord, Young Sund - NO Grenland. /n situ bakterie nettoproduktion
og vaksteffektivitet, samt biotilgeengeligheden af det organisk stof (langtidsinkubationer) blev kvantifice-
ret langs et lengdetransekt 1 fjorden, samt i 3 store tillobende floder. Resultaterne viser en hgj mikrobiel
aktivitet i forbindelse med at isen forsvandt i den inderste del af fjorden, og derefter aftagende bakterie-
produktion hen over sommeren sammenfaldende med faldende fytoplankton biomasse. Den mikrobielle
aktivitet var hgjest i den gvre del af vandsgjlen (everste 20-30m). Bakterieproduktionen og biotilgenge-
ligheden af det organiske stof i de tillobende floder var relativt hej (op til 0.69 pg C I d™' 0og 455 ng C 17,
henholdsvis) i de tilstodende floder, hvilket indikerer at der tilfores store mangder tilgengeligt organisk
stof med smeltevand til Young Sund. Nedenfor (figur 1) ses dybdeprofiler for bakterieproduktionen over
tid for en enkelt af stationerne (station 3 lokaliseret midt i fjorden).

St.3-d. 11/07-14 St.3-d. 19/07-14 St. 3-d. 30/07-14 St.3-d. 07/08-14
BP (ug C It d?) BP (ug C It d?) BP (ug C I1d?) BP (ug C I d?)
0.00 0.50 1.00 0.00 0.50 1.00 0.00 0.50 1.00 0.00 0.50 1.00
0 oy 0 . 0 e 0 e
o L]
20 . — 20 |e — 20 — 20
5 . g s g 3
2 40| @ 40 @ 40 @ 40
£ £ E E
< 60 g 60 v 60 © 60
3 % 80 £ : w
R 3 Z 80 Z
100 |e 100 100
100 |e

Figur 1 — Dybde profiler for bakterie produktion (ug C - L™-d™") pa station 3, Young Sund — N@ Grenland.
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Effekter af multiple stressorer pa alegraes (Zostera marina L.)
Seren Laurentius Nielsen, Farhan Khan, Gary Banta & Annemette Palmqvist
Institut for Miljo, Samfund og Rumlig Forandring (ENSPAC), Roskilde Universitet

Det er umuligt at se bort fra menneskelige pavirkninger af miljoet, iser i kystfarvande. Direkte
menneskelige pavirkninger, sdsom eutrofiering og udledning af miljefremmede stoffer, sker pa
samme tid som naturlige forhold (temperatur, salinitet, lys) er udsat for eget variabilitet, til dels pa
grund af klimaandringer. For at forstd miljepavirkningerne er det nedvendigt at studere de forskel-
lige stressorer 1 sammenhang pa en relevant art.

Alegres er en vigtig ingenigrorganisme i kystnare marine gkosystemer i den nordligt tempererede
zone. Lys er den vigtigste begraensende faktor for dlegresset og lystilgaengeligheden begranses pa
sin side af eutrofiering, som forer til oget lysdeempning i vandsejlen. Alegraessets vakstpotentiale
pavirkes ogsa af andre faktorer sdsom temperatur og salinitet, og det er sandsynligt at miljefremme-
de stoffer ogsé pévirker alegrasset. Derfor er det nedvendigt at inddrage betydningen af miljo-
fremmede stoffer af en af flere multiple stressorer nér man skal vurdere potentialet for rekolonise-
ring af dlegres efter reduktioner i naringsbelastningen.

Vi har udfert en rekke forseg med kobber som model-stof og salinitet som naturlig stressor for at
pavise betydningen af multiple stressorer. Vores forseg viste — absolut ikke overraskende — at kob-
ber reducerer alegrassets vakstrate, men ogsa at reduktionen i veekstrate er storre nir planterne
udsattes for kobber i sedimentet, end hvis de eksponeres gennem vandfasen. Dette er vigtigt, fordi
de hidtidige, sparsomme, forseg med virkningen af miljofremmede stoffer pa alegraes primeert har
anvendt vandfase-eksponering. Den skadelige virkning af tungmetaller og andre miljofremmede
stoffer pa alegraes kan altsd af denne grund have veret underestimeret. Vi har ogsa undersegt kob-
bers indvirkning pa planternes maximale kvanteudbytte ved hjelp af PAM-fluorometri (F/Fp).
Resultaterne bekraftede at sediment-eksponering har sterre effekt end vandfase-eksponering, men
viste ogsd at saliniteter som var enten lavere eller hgjere end den ambiente salinitet pd indsamlings-
stedet (17 %o) ogede effekten af kobber. Klonal integrering og/eller eksponeringstid spiller ogsé en
rolle: Det yngste blad, som udvikledes under eksponeringen pa 2 uger var mindst pavirket, mens de
blade, som allerede var fuldt udviklede ved forsegets start var klar mere pavirkede af kobber.

Resultaterne viser at responset til multiple stressorer ikke var additive, men snarere synergetiske.
Dette understreges af at planternes vaevskoncentrationer ogsé athang af bade eksponeringsvej og
salinitet.



71

Struktur og aktivitet af det mikrobielle samfund gennem den isfrie periode i en hgjarktisk
fjord (Young Sund, N@ Grgnland)

Maria Lund Paulsenl, Colin Stedmonz, Sophia Bardram Nielsen3, Mathias Middelboe3, Eva Friis
Mﬂller4, Aud Larsenl, Mikael Sejr5

'Department of Microbiology, University of Bergen, 5000 Bergen, Norway (Maria Lund Paulsen,
Heien 17, 5037 Bergen, Norge, Maria.L.Paulsen@bio.uib.no)

’National Institute for Aquatic Resources, Section for Oceanography and Climate, Technical Uni-
versity of Denmark, Charlottenlund, Denmark

Marine Biological Laboratory, University of Copenhagen, Strandpromenaden 5, 3000 Helsingor,
Denmark

*Arctic Research Centre, Aarhus Universitet, Frederiksborgvej 399, 4000 Roskilde, Denmark
’Arctic Research Centre, Aarhus University, C. F. Mollers Alle 8, 8000 Aarhus C, Denmark

Hojere temperaturer giver en oget afstromning af ferskvand fra land i Arktiske havomrader. Vi un-
dersoger her en fjord i NO Grenland med fokus pa, at identificere effekten af et reduceret isdekke
og aget smeltevandstilforsel. Vi fokuserer pa hvordan lagdeling, naeringssaltdynamik og lystilgaen-
gelighed regulerer mikrobielle autotrofe og heterotrofe processer 1 vandsgjlen. Profiler fra fire ud-
valgte stationer (Fig. 1) blev samplet ugentligt 1 perioden fra juli til oktober 2014 (isen forsvandt fra
fjorden d. 15. juli). Bade fraktionerede klorofyl, primer produktion og phytoplank-tontellinger vi-
ste, at picophytoplankton dominerede i den indre del af fjorden, mens sterre phytoplankton (>10
um) kun dominerede ved den yderste station ner Grenlandshavet. Samtidig s vi, at picophytoplan-
ton 1 begyndelsen primert dominerede i det egvre ferskvandslag, for senere i s@sonen, i takt med at
narinssaltene blev opbrugt, at have maximum abundans ved ca. 20 m dybde (op til 10.000 celler pr.
ml). Flowcytometer-malinger af klorofyl fluorescens pr. celle viste yderligere, at phytoplankton
under den stabile lagdeling i fjorden, effektivt havde tilpasset deres klorofylindhold til de varierende
lysforhold ned gennem vandsegjlen. Et mal som styrker vores forstaelse af biomasse:klorofyl forhol-
det. Bakterier kan konkurrere med phytoplankton om narings-salte, nir disse ikke er kulstofsbe-
grenset. Vi undersogte derfor bakteriers abundans og aktivitet (sidstnavnte ved thymidininkorpore-
ring og ratioen af hej DNA bakterier mod lav DNA bakterier). Yderligere malte vi virusproduktion,
som kan bruges som et mal for lysering af bakterier og dermed frigivelse af neringssalte. Abundan-
sen af encellet dyreplankton (heterotrofe nanoflagellater) gen-nem perioden gav et mél for det vari-
erende graesningstryk pa bade bakterier og picophytoplankton.

Figur 1: Fire statiorrer (*) blev
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While the impact of environmental forcing on recruitment variability in marine populations remains
largely elusive, studies spanning large spatial areas and many stocks are able to identify patterns
common to different regions and species. In this study, we investigate the effects of the environ-
ment on the residuals of a Ricker stock-recruitment (SR) model, used as a proxy of pre-recruits’
survival, of 18 assessed stocks in the Baltic and North Seas. A probabilistic principal components
analysis permits the identification of groups of stocks with shared variability in the pre-recruits’
survival, most notably a group of pelagics in the Baltic Sea and a group composed of gadoids and
herring in the North Sea. The first two principal components generally grouped the stocks according
to their localizations: the North Sea, the Kattegat-Western Baltic, and the Baltic Sea. This suggests
the importance of the local environmental variability on the recruitment strength. Hence, the pre-
recruits’ survival variability is studied according to geographically disaggregated and potentially
impacting abiotic or biotic variables. Time series (1990-2009) of nine environmental variables con-
sistent with the spawning locations and season for each stock were extracted from a physical-
biogeochemical model to evaluate their ability to explain the survival of pre-recruits. Environmental
variables explained more than 70% of the survival variability for eight stocks. The variables water
current, salinity, temperature and biomass of other fish stocks are regularly significant in the mod-
els. This study shows the importance of the local environment on the dynamics of stock recruit-
ment. The results provide evidence of the necessity of including environmental variables in stock
assessment for a realistic and efficient management of fisheries.
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Fiskeri efter muslinger og esters foregér i Limfjorden med bundskrabende redskaber. Det har tidli-
gere vaeret vist, at skrabende redskaber akut pavirker bundfaunaen i skrabesporet , samt at der po-
tentielt kan vere effekter pa muslingernes egen rekruttering gennem fiskeriets fjernelse af fast sub-
strat. Ligeledes har udenlandske studier vist, at skrabende redskaber kan edelaegge alegraesbevoks-
ninger, ligesom det kan forventes, at fiskeriet vil pavirke makroalger negativt. En del af pavirknin-
gen fra fiskeriet pa alegraes og makroalger er blevet tilskrevet resuspension i forbindelse med fiske-
riet, som kan udskygge vegetationen. Der er imidlertid meget fa studier, der har pévist langtidsef-
fekter af fiskeriet i et omrade, som i forvejen er udsat for en reekke andre presfaktorer, herunder isaer
naeringssaltberigelsen fra land og heraf afledte iltsvindsepisoder.

I dette studie har vi dels analyseret udviklingen 1 bundfauna i Thisted Bredning, Visby Bredning,
Kaas Bredning og omrédet omkring Agero, der pa forskellig vis er pavirket af presfaktorerne fiskeri
med skrabende redskaber, iltsvind og generel tilforsel af naringssalte. Derudover har vi undersogt
aktuel udbredelse af dlegrees og makroalger og sammenholdt det med de omrader, hvor fiskeriet
foregér.

Analyserne af bundfauna viser, at selvom der er visse forskelle mellem omréderne i artssammen-
s&etning, s er der ingen relativ forskel i udviklingen i diversitet over tid, selvom der siden 1988
ikke har varet fisket i omréddet omkring Agere. Den mest markante udvikling har varet, at blamus-
lingerne er forsvundet i det ikke fiskede omrade.

Analyserne af dlegrassets udbredelse viser, at der er meget lidt alegrees i Limfjorden og at den pri-
mare begraensende faktor for alegrassets udbredelse er vandets lave transparens og sedimentets
sammens&tning. Som fiskeriet har vaeret praktiseret i de seneste mange ar, er det ikke en trussel
mod alegrassets udbredelse. For makroalger viste analyserne, at mangel pa substrat og vandets
transparens er de vasentligst begraensende faktorer, selvom fiskeriet kan pavirke med en mer-effekt.

Resultaterne diskuteres i relation til de nedvendige indsatsomrader i natur- og miljeforvaltningen af
Limfjorden.
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3)

Det pelagiske fodenet er sammensat af mange forskellige trofiske niveauer fra primarproducenterne
(fytoplankton) til de forskellige storrelsesgrupper af zooplankton, som grasser pé fytoplankton og
hinanden. Fedenettet reguleres bade af mangden af naringsstoffer (bottom-up) og af @ndringer i
pradationstryk (top-down) fra zooplanktivore fisk. Effekter af endringer i fiskeri pa de lavere trofi-
ske niveauer er dog langt mindre undersogt, men er vigtige da de kan have relevans da fytoplankton
er et kvalitetselement iflg. Vandramme Direktivet og Havstrategi Direktivet.

De potentielle kaskadeeffekter fra eendringer i fiskeri er opstillet i figur 1. Andringer i fiskeripraksis
kan fore til direkte pavirkninger af de zooplanktivore fisk gennem fangst eller indirekte gennem
@ndringer 1 fangsten af rovfisk og dermed af predationstrykket pa de zooplanktivore fisk. Et min-
dre fiskeritryk eller praeedation pa de zooplanktivore fisk (via eget fangst af rovfisk) (a) fordrsager en
storre biomasse af zooplanktivore fisk (b), en mindre biomasse af mesozooplankton (c) og dermed
et mindre greesningstryk og sterre biomasse af mikrozooplankton og fytoplankton (d). Omvendt vil
den storre biomasse af mikrozooplankton give en sterre graesning og mindre biomasse af fytoplank-
ton (e). De modsatrettede pavirkninger pa fytoplankton (d og e) ger det saledes vanskeligt at afgore,
hvorledes kaskadeeffekterne fra fiskeri i sidste ende udmentes for fytoplankton. Det samme gor sig
gaeldende for det modsatte scenarie, hvor de tilsvarende kaskadeandringer i figur 1 nu er modsatret-
tede. Kaskadeeffekterne athenger 1 hoj grad af sesonmassige og rumlige menstrer af plankton og
produktion samt af sammensatningen af planktonsamfundet. I denne sammenheng er 3d dynami-
ske okologiske modeller et nyttigt vaerktoj til at beskrive disse komplicerede sammenhange.

Milet er at se pa zooplankton biomasse mellem model og data, teste forskellige praedationsvilkar,
den é&rlig og sasonmassige @ndring 1 pradation og naringstilforsel samt kaskadeffekterne af
zooplanktons dedelig pd vandkvalitetselementer. Betydningen af fiskeri for zooplanktivore fisk og
dermed for zooplankton og fytoplankton i de indre danske farvande vurderes ud fra modelscenarier
udfert med en 3d hydrodynamisk model (HMB) koblet til en biogeokemisk model (ERGOM) i mo-
delsystemet FLEXSEM (http://marweb.dmu.dk/Flexsem/). Modellen er sat op for Kattegat og er
tidligere blevet beskrevet og valideret. Projektet vil anvende varierende fiskepraedationstryk samt
naringstilforsel for at undersoge kaskadeeffekterne af

disse. Fiskeri/ a ﬂ
praadation

4
Figur 1: Konceptuelt diagram for hvordan e@ndringer i fiskeri ZOOD'?EEHWW b U
eller praedation fra rovfisk (cirkel) pavirker de trofiske niveau- L
er (bokse) i det pelagiske fodenet gennem en @ndring i graes- @
ningstryk (bla pile). De gronne pile (a-e) angiver i hvilken Mesozoo- C ﬂ
retning et lavere fiskeri eller preedationstryk pa zooplanktivore plankton
fisk potentielt pavirker biomassen for de forskellige trofiske @ g

niveauer.
Mikrozoo-
e ﬂﬁd Fytoplankton = <=1 Hankon dﬂ
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Udbredelsen af Trawlfiskeri i Kattegat

1,2,3

Christina D. Pommer'**, Michael Olesen” and Jorgen L.S. Hansen®

" Nuveerende adresse: DTU Aqua, Charlottenlund Slot Jeegersborg alle 1, 2920 Charlottenlund

? Kobenhavns Universitet, Biologisk institut, Marinbiologisk Sektion, Strandpromenaden 5, 3000
Helsingor

7 Nationalt Center for Miljo og Energi (DCE), Aarhus Universitet, Frederiksborgvej 399, 4000
Roskilde, Denmark.

De indre danske farvande har vaeret trawlet i min. 80 ar, men indtil nu har der kun varet fa forsog
pa at estimere udbredelsen og intensiteten af fiskeriet og ingen studier af de langsigtede ekologiske
konsekvenser for omradderne. Ved hjlp af GIS analyser og VMS data viser dette studie udbredel-
sen af trawl fiskeri 1 Kattegat for bade danske (drene 2005-2009) samt svenske (&rene 2007-2009)
fartejer. Studiet viser desuden at 95 % af alt trawlfiskeri i Kattegat foregar dybere end 22 meter. Det
betyder at, det meste af denne aktivitet foregir pa et veldefineret habitat bestdende af bled (mud-
der)bund beliggende under springlaget med stort set samme temperatur og salinitet aret rundt. Ved
at underseoge forholdet mellem det trawlede areal og arealet af dybden finder vi endvidere, at dette
veldefinerede habitat er nesten 100 % pavirket og at frekvensen af pavirkning for dybder >100 me-
ter kan né op til 20 tilfeelde om &ret.

Studiet har anvendt eksisterende data fra bunddyrsmoniteringen 1 Danmark for at undersege om

trawlfiskeriet forarsager @ndringer i bunddyrssamfundene. Diversiteten for marine zoobenthos faldt
ikke med oget trawl aktivitet og ligeledes var det ikke muligt at spore @ndringer 1 bunddyrssamfun-
dene som folge af aget trawlaktivitet. En staerk kor-
relation mellem dybden og trawlaktiviteten kom- pli-
cerede dog fortolkningen af resultaterne.

Bunddyrssamfundenes sensitivitet blev estimeret
vha. AMBI. Der var ingen stigning i ratioen af
lerante arter ved eget trawlfiskeri. Dog var der en
oget gennemsnitlig abundans af arter med sarli-
biologiske treek (defineret som felsomme overfor
trawlfiskeri) 1 et omrade med lav aktivitet sam-
menlignet med omrdder med hejere aktivitet.
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Novagrass, modellering af alegres i Danske Fjorde.
Erik Kock Rasmussenl, Mogens Flindtz, Kadri Kuusem'aem, P. Canal-Vergés3

" DHI (ekr@dhigroup.com),

? SDU, Biologisk institut,”DTU-Aqua

Novagrass er et 5 arigt STF finansieret projekt hvor der vil blive udviklet nye teknikker til genetab-
lering af dlegrees i stor skala i kystnaere omrader. Under arbejdspakke 4 er der udviklet en ekologisk
model til modellering af dlegres i vore fjorde. Modelresultaterne bruges sammen med maledata i en
GIS analyse af stressfaktorer for dlegraes vaekst, se foredrag af M. Flindt. Der er sat modeller op for
Odense fjord, Roskilde Fjord og Limfjorden. Modelsystemet bestar af en hydraulisk del (3 D) samt
en gkologisk del, der indeholder N og P naringsstoffer, planteplankton, etérige lostliggende makro-
alger, pa sten fastsiddende flerarige makroalger (Fucus), mikrobenthiske alger, samt alegras. Der
indgér desuden sedimentpuljer af fint uorganisk sediment, organisk C, N og P. Resuspension og
transort af fint sediment indgar som processer i modellen. I modellen indgér folgende stresser for
vaekst og genetablering af legraes: 1. gget respiration ved hgje temperatur. 2 gget ded ved lave ilt-
spaendinger 3 Forringet lys pga. foraget resuspension belge og strom genereret bevegelse af lost-
liggende makroalger. 4 Sandorm begravning af dlegresfro til en dybde der hindrer spiring. 5 Balli-
stisk stres pa nyspirede élegraesplanter udenfor tette vegetationer af Fucus med sten der slabes af
strom og belger hen over bunden. De matematiske formuleringer for stresser 1 og 2 er fundet i litte-
raturen, formuleringen af stresserne 3-5 er etableret ud fra publicerede forseg udfert af SDU. Be-
tydningen af de forskellige stressere kan analyseres ved at slé disse til og fra i modellen.

1.3-15.10.11
Max -
alegres
biomasse

Dakningsgrad B
luftfotto i
Alegras 1999 %,
rod: 75-100%

orange: 50-75%
gren: 25-50%
lysegren:10-25%

Referencer:

Rasmussen E.K., P. Canal-Vergas, M. R. Flindt 2013. Udvikling af en dynamisk alegraesmodel og
GIS- verktej. Vand og Jord. 2013 no 1 P 33-38.

Laurentius Nielsen, M.R. Flindt (ed.) 2013, Alegras Temanummer. Vand og Jord 2013 no 1 P 1-42
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Modelanalyse af Lake Maracaibo (Venezuela) indikerer at N omsatningen pavirkes af algers
preeferens for NO3 og dissimilativ reduktion af NOj3 til NH, (DNRA) i det iltfrie bundvand.

Erik Kock Rasmussen & Thomas Uhrenholdt,
DHI Horsholm, (ekr@dhigroup.com)

Lake Maracaibo er Sydamerikas storste lagune, der via et 70 km langt straede er forbundet til den
Venezuelanske golf som stader til den sydlige del af det Caribiske hav. Der findes store oliefore-
komster under den 30 m dybe s@, som indvindes intensivt. Forarbejdningen og udskibning af olie-
produkter sker fra havnebyer i den sydlige del af straedet. Sejlrenden i streedet er flere gange siden
1938 blevet uddybet hvilket har medfert en gget indtrengning af saltvand fra Golfen til sgen. Dette
har vesentligt foreget en dome af tungere iltfattigt og na@ringsstofberiget og til tider H,S holdigt
bundvand. En opblanding med det mindre salte og lettere overfladevand har givet anledning til en
arlig opblomstring af bldgrenalger samt en kraftig opblomstring af andemad (Lemna obscura) i dre-
ne 2004-07. Estimater af tilgaengelige puljer af N og P i sedimentet kombineret med de forste simu-
leringer med en eutrofieringsmodel viste at modellen ikke kunne beskrive ophobningen af N i sedi-
mentet eller beregne koncentrationerne af NO; og NHy 1 vandet korrekt. Systemet er mere N beva-
rende ligesom plankton syntes at have en praferens for optag af NOs frem for NH,4. Dissimilativ
reduktion af NOs til NH4 (DNRA) hvor NOj reduceres til NH,4 under iltfrie forhold parallelt med at
blive denitrificeret til N, forekommer typisk i tropiske systemer, ref. 1. DNRA bevarer N i sgsyste-
met hvorimod N, undslipper sesystemet i gasform. De hgje temperaturer (28-35 °C) syntes at favo-
risere algers og bakteriers optag af NOs, ref. 2. Implementering af disse processer forbedrede mo-
dellens evne til at simulere N koncentrationerne i seen.
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Ref. 1 Giblin A.E. et al. 2013. The Importance of Dissimilatory Nitrate Reduction to Ammonium
(DNRA ) in the Nitrogen Cycle of Coastal Ecosystems. Oceanography,Vol 26, No. 3. P124-131.

Ref. 2 Reay D. S. et al. 1999. Temperature dependence of inorganic nitrogen uptake: Reduced affin-
ity for nitrate at suboptimal temperatures in both algae and bacteria. Appl. Environ. Microbiol. 1999
65(6):2577
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Anoxia-mediated release of dissolved organic matter from sediments in the Baltic Sea.

Heather E. Reader and Colin A. Stedmon

Institut for Akvatiske Ressourcer, Danmarks Tekniske Universitet

The Baltic Sea is prone to widespread and recurring hypoxic and anoxic events. The development
of anoxic conditions in bottom waters promotes the release of reactive compounds into the water
column. In particular, both phosphate and reduced iron diffuse from sediment pore waters during
anoxic events, potentially acting as a positive feedback to eutrophication driven oxygen depletion.
While it is known that sediments are also a source of dissolved organic matter (DOM), the magni-
tude and reactivity of the DOM released during anoxia are poorly understood. Our experiments re-
veal sediments to be a significant source of DOM in the Baltic Sea. In addition, the DOM released
during anoxia proved to be highly bioavailable and therefore potentially contributes to further ex-
pansion of anoxic conditions. We relate the magnitude of the benthic flux of DOM to the water
column to other regionally relevant fluxes of DOM, and show that this process is a potentially sig-

nificant positive feedback on coastal hypoxia.
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Primary production in oligotrophic regions of the ocean may be greater than previously
estimated

Katherine Richardson' & Jergen Bendtsen®

! Center for Macroecology, Evolution and Climate, Natural History Museum of Denmark, University
of Copenhagen, Copenhagen, Denmark

2 ClimateLab, Symbion Science Park, Copenhagen, Denmark

Global estimates of primary productivity are usually based on algorithms that estimate water
column primary production from surface water characteristics derived from remote sensing and
assuming a vertical distribution of primary production based on statistical analysis of chlorophyll a
fluorescence profiles. Data collected on the globally circumventing Galathea3 expedition (2006-7)
reveal patterns in the vertical distribution of primary production and in photosynthetic parameters
that can be related to the depth of the nutricline (i.e., depth where NO3; >1 uM). Combining
remotely sensed estimates of surface chlorophyll, SST, light and light attenuation characteristics
(obtained from MODIS satellite data) and the average photosynthetic parameters for regions
characterized by different nutricline depths (from monthly climatology of nitrate), allows estimation
of the primary production occurring in surface waters (upper 10 m) of the global ocean. When the
nutricline is deep (> 90 m), the Galathea3 data indicate a very consistent percentage of total water
column production takes place below 10 m. Using this relationship and the primary production
estimate for the upper 10 m, we estimate the annual average of particulate primary production for
oligotrophic (nutricline > 90 m) to be 10.0 Pg C yr' during 2002-2013. This is approx. 64% greater
than the corresponding estimate (6.1 Pg C yr'') based on the Vertically Generalized Production
Model (Behrenfeld and Falkowski, 1997 Limnology and Oceanography, 42, 1-20) for the same
period. When total primary production (i.e. particulate + DOC) is considered, the discrepancy
between our estimates and the currently accepted estimates becomes even greater.
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Genetablering af danske kystnaere marine gkosystemer efter reduktion af naeringsstoftilfers-
ler: udvikling og tidsforsinkelser i indikatorer

Bo Riemann, Jacob Carstensen, Karsten Dahl, Henrik Fossing, Jens W. Hansen, Hans H. Jakobsen,
Alf Josefson, Dorte Krause-Jensen, Stiig Markager, Peter A. Steehr, Karen Timmermann, Jorgen
Windolf

Aarhus Universitet, Institut for Bioscience

De danske kystomrader viser nu de forste tegn pa signifikante forbedringer 1 miljetilstand efter mere
end 25 ars landsdekkende indsats. Vi prasenterer data fra det nationale overvagningsprogram, som
startede 1 slutningen af 1980’erne og som fortsat omfatter tilforsler af neringsstoffer samt mél for
miljetilstand pé basis af kemiske og biologiske komponenter i1 kystzonen. Neringsstoftilforslerne er
blevet reduceret med 50% for kvelstof og 56% for fosfor siden 1990. Disse reduktioner medforte
hurtigt signifikante fald i neringsstofkoncentrationerne i overfladevand i ferskvand og i de kystneare
omréder. Klorofyl mangden aftog og dekningsgraden af makroalger steg som funktioner af de re-
ducerede naringsstoftilforsler. Biomassen af bundfaunaen var oprindeligt domineret af filtratorer,
men i takt med de observerede reduktioner i naringsstoftilforslerne, aftog den samlede biomasse og
1 serdeleshed biomassen af filtratorernes, hvorimod biomassen af sedimentadere steg. | modseet-
ning til disse relativt hurtige responsmenstre, har legraes forst bredt sig mod dybere vand indenfor
de sidste 5 ar 1 takt med, at vandet er blevet klarere. Iltkoncentrationerne har ikke @ndret sig vee-
sentligt fra 1981 til 2013, formentligt pd grund af klimafaktorer, som har modvirket de forventede
positive effekter af reducerede naringsstoftilforsler. De samlede resultater viser en raekke tydelige
tegn pa forbedringer, som dokumenterer, at en delvis genetablering af de kystnare gkosystemer er
mulig. Med baggrund i de indsamlede data foreslar vi en konceptuel forklaringsmodel for udviklin-
gen 1 kemiske og biologiske komponenter i kystomrader efter markante reduktioner i naringsstoftil-
forsler fra bdde punktkilder og diffuse kilder. I hvilket omfang, de observerede @ndringer er de for-
ste tegn pa varige forbedringer vil blive diskuteret.
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Blue mussel (Mytilus edulis) growth at various salinity regime determined by a Dynamic En-
ergy Budget model
Camille Saurell’*, Marie Maar’, Anja Landes’, Per Dolmer”, and Jens Kjerulf Petersen'

*Presenting author

"Danish Shellfish Center, DTU Aqua, @roddevej 80, 7900 Nykobing Mors, Denmark, email:
csau@aqua.dtu.dk, jkp@skaldyrcenter.dk .

zDepartment of Bioscience, Aarhus University, Frederiksborgvej 399, P.O. Box 358, 4000 Roskilde,
Denmark, telephone +45 87158572, email: mam@dmu.dk.

ISection for Ecosystem based Marine Management, DTU Aqua, Jegersborg Allé 1, 2920 Charlot-
tenlund, Denmark, email: anoe@aqua.dtu.dk.

‘Orbicon A/S, Water and Nature Ressources, Jens Juuls Vej 16, 8260 Viby, Denmark, email
pdol(@orbicon.dk.

Blue mussels (Mytilus edulis) is a key euryhaline species in coastal areas that has been used in eu-
trophied water in mitigation cultures to improve water clarity by filtering phytoplankton in excess
due to nutrient enrichment. Mussel growth rates depend mainly on key environmental conditions
such as food supply, temperature and salinity. In the Baltic Sea - highly disturbed eutrophied envi-
ronment- mussel growth efficiency is limited due to the very low levels of salinity and in area
where the salinity is below 8 psu, mussels appear on a dwarf form. The aim of the present study was
to incorporate the effects of low salinity into an eco-physiological model of blue mussels and to
identify areas suitable for cost-effective mussel production for mitigation culture. A standard Dy-
namic Energy Budget (DEB) model was modified with respect to i) the morphological parameters
(DW/WW-ratio, shape factor), ii) change in ingestion rate and iii) metabolic costs due to osmotic
regulatory mechanisms to adapt in different salinity environments. The modified DEB model was
validated with experimental data from different locations in the Western Baltic Sea including the
Limfjorden, with salinities ranging from 8.5 to 29.9 psu. The model succeeded to reproduce the
observed decreasing growth rates at salinities <25 psu. The identified areas suitable for mussel pro-
duction in the Baltic Sea are located in the Little Belt area, the Great Belt, the southern Kattegat and
the Limfjorden according to the prevailing salinity regimes. The new model can be used for sup-
porting site selection of new mussel nutrient extraction cultures in the Baltic Sea that suffers from
high eutrophication symptoms or as part of integrated multi-trophic aquaculture production.
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Fronts in Danish waters
Henrik Skov, Mai-Britt Kronborg, Thomas Uhrenholdt, DHI Hgrsholm (hsk@dhigroup.com)

Many pelagic biodiversity hotspots are related to fronts, and with the requirements for marine
protected areas for conservation of critical marine habitats within Europe there is a need to
develop tools which efficiently can map the occurrence of fronts over large areas of ocean. Efforts
to identify fronts in shelf seas have so far mainly been undertaken using remote sensing data.
However, in strongly stratified areas like the waters around Denmark the use of remote sensing
data is limited not only by cloud cover but also by the importance of subsurface manifestations of
fronts which are not visible on satellite data. Over the past five years, DHI has developed methods
for determining and mapping the 3-dimensional structure of frontal processes in the waters
around the Denmark. These processes encompass horizontal as well as vertical gradients and
eddies induced by interactions of winds, tides, freshwater outflows and bathymetric anomalies
and coastal profiles. The mapping of frontal processes has been applied in four case study areas:
Central North Sea, Horns Rev, Skagerrak, Central Kattegat and Fehmarn Belt. The study has
revealed new aspects of the spatial and seasonal variability of fronts in Danish waters.
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Bakterier associeret med copepoder - analyseret vha. 2. generations sekvensering

Alf Skovgaard’, Julia N. A. Dorosz, Josue Leonardo Castro-Mejia, Lars Hestbjerg Hansen og Den-
nis Sandris Nielsen

*) Roskilde Universitet, ENSPAC, alf@sund.ku.dk

Copepoder dyrkes i stigende grad som levende foder til marine fiskelarver produceret i akvakultur. I
den tempererede klimazone er denne produktion sesonbestemt og begranset bl.a. af abiotiske fak-
torer, sdisom temperatur og lys. Endvidere kan produktion af vandlopper og fiskelarver blive pavir-
ket af biotiske faktorer til stede 1 anlaegget, sasom konkurrerende mikroorganismer, giftige alger
eller andre mikroorganismer, som kan vere ikke-gavnlige for copepoders vakst og produktion. Det-
te kunne fx veare bakterier, som er serligt gavnlige eller skadelige for copepoder eller fiskelarver.
Vi prasenterer her undersegelser af sammensatningen af bakteriefloraen (mikrobiomet) i copepo-
der indsamlet i et ekstensivt udenders copepod-produktionssystem, og sammenligner med prover
fra laboratoriekulturer og Oresund. Copepoders mikrobiomer blev analyseret vha. 16S rRNA gene
amplicon sekvensering (bade 454/FLX- og Illumina-baseret). Resultaterne viste forst og fremmest
en stor diversitet af bakterier associeret med copepoder og at nogle af disse er universelt (og mulig-
vis udelukkende) forekommende 1 association med copepoder i naturen savel som 1 kulturer. Her-
udover, fandt vi kvantitative og kvalitative forskellige i mikriobiomet i forskellige arter af copepo-
der (Acartia tonsa vs. Centropages hamatus og Temora longicornis) indsamlet 1 det eksakt samme
milje, ligesom @ndringer 1 mikrobiomets sammensatning kunne observeres bade over tid og som
funktion af skiftende fysisk-kemiske parametre i den omgivende vand.

Copepoder i kystnare farvande vides at vare varter/substrat for patogene bakterier, fx Vibro chole-
rae. Vi fandt kun begrenset evidens for tilstedeverelsen af patogene bakterier, men enkelt DNA-
sekvens var dog nesten identisk med Pseudomonas anguilliseptica, som er en kendt patogen 1 en
rekke fiskearter. Selvom denne bakterie kun var tilstede med lav praevalens, illustrerer dens tilste-
devarelse at copepoder er i stand til at fungere som refugium for fiskepatogene bakterier. Herud-
over kan der naturligvis taenkes ogsa at vaere positive effekter af bakterier associeret med copepo-
der, men den overordnede betydning af sammensatningen af deres mikrobiom er endnu dérligt
kendt.
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Changes in the freshwater inventory of the Young Sound-Tyroler fjord system (NE Green-
land): evidence from 10 years of Greenland Ecosystem Monitoring.

Colin A Stedmon', Mikael Sejr’, and Thomas Juul Pedersen’

National Institute for Aquatic Resources, Technical University of Denmark, Charlottenlund.
?Arctic Research Centre, Aarhus University, C. F. Mollers Alle 8, 8000 Aarhus C.
’Greenland Climate Research Centre, Nuuk.

Fresh water supply to the fjord systems in NE Greenland can be expected to change as a result of
climate change induced ice melt. The most obvious alteration is in that of increased freshwater sup-
ply from snow and ice melt on land. A more subtle change may also occur at the marine end as the
contribution from Arctic Ocean sea ice melt and upstream freshwater discharge may alter the salini-
ties of the inflowing marine water. Coastal shelf waters on the East Coast of Greenland are charac-
terised by the East Greenland Current, which is a surface current (0-300m) originating from the
Arctic Ocean and following the shelf southwards. These waters are characterised by sub zero tem-
peratures and lower salinities and for fjords with a shallow sill, such as Young Sound, effectively
block warm saline Atlantic water from entering as bottom waters.

Greenland Ecosystem Monitoring has been carrying out hydrographic transects in Young Sound
every summer since 2004 (Figure 1) as part of the MarineBasis programme
(http://zackenberg.dk/monitoring/marinebasis/). A database of nearly 700 CTD profiles has been
accumulated and analysed. The freshwater inventory along the transect was derived relative to a
fixed salinity of 33.25 for the surface 100 m. At the start of the time series there was approximately

a 2 m difference in freshwater inventory between the inner parts of the Tyroler Fjord and the coastal
waters. In 2013 this had increased to approximately 3.5m freshwater inventory difference. While
the periodic internal storage of freshwater from terrestrial snow and ice melt may be expected (Fig-
ure 2) it is also apparent that the system may also import more freshwater from the shelf waters.
Scaling up of these estimates to freshwater volumes offers a complementary independent estimate
of freshwater budgets derived from terrestrial monitoring and modelling.
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Kystnaere stenrev — en oversigt over deres historiske skaebne, nuveerende status og biologiske
betydning

Claus Stenberg', Karsten Dahl’, Zyad Al-Hamdani °, Flemming Mehlenberg’
& Josianne Stottrup'
'DTU Aqua, Danmarks Tekniske Universitet, Jeegersborg Alle 1, DK-2920 Charlottenlund
’DCE, Arhus Universitet, Frederiksborgvej 399, DK-4000 Roskilde
YGEUS, Oster Voldgade 10, DK-1350 Kobenhavn K

‘DHI, Agern Allé 5, DK- 2970 Horsholm

Kystnere stenrev pd mindre end 10 m dybde er alvorligt pdvirket. Pévirkningen er sket ved et om-
fattende stenfiskeri som gennem mere end en hundrede arig periode har fjernet de sterre sten fra
stenrevene og dermed andret deres dybde udbredelse og kan gere det resterende rev ustabilt. Stene-
ne er blevet brugt til udbygning af havne og anden entreprener arbejde. DTU Aqua har interviewet
gamle stenfiskere og féet tilgang til logbogsoplysninger og notater. Vi kan derfor give et detaljeret
billede af hvordan og hvor stenrevene er blevet fisket op. Disse historiske oplysninger vil blive
sammenholdt med nye opmaélinger af stenrev foretaget af DCE og GEUS. Stenrevene nuverende
status og biologisk funktion for makroalger, fauna og fisk og de sandsynlige effekter af det nu op-
herte stenfiskeri vil blive diskuteret pa baggrund af tidligere og igangverende forskningsprojekter
og overvagningsprogrammer der dokumenterer at teetheden af makroalger, totale fauna biomasse og
at fiskefaunaens artsdiversitet og biomasse er signifikant hgjere pa stabile stenrev sammenlignet
med den omkringliggende ralbund og at stenrevet dybde er af afgerende betydning. Vi vil endvidere
demonstrere, pd baggrund af en hgjoplest hydrodynamisk model af et stenrev, at der kan etableres
sammenhange mellem foretrukne habitater og stremhastigheder, samt variationer 1 salt og tempera-
tur. Sddanne sammenh@nge kan anvendes til malrette indsatsen ved evt. genetablering af stenrev.
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Andringer i habitatkvalitet for rgdspatteyngel i kystomrader langs Nordsgen

Josianne G. Stettrup, Masashi Kodama, Colin Stedmon, Peter Munk

DTU Aqua, Danmarks Tekniske Universitet, Jeegersborg Alle 1, DK-2920 Charlottenlund

Tilgengelige data tidsserie fra ICES pa naringsstoffer i kystomradet langs Nordseen viser, at kval-
stof belastningen er faldet med omkring 50% siden 1980 'erne, mens fosfor niveauet faldt 1 1980 '
erne men udjevnet pa et lavt niveau siden omkring 2000. Siden 1990 'erne, et skift i forekomsten af
de mindre aldersgrupper af redspztte (< alder-1V) blev observeret i tidsserier fra survey data med
stigende antal af ung redspetter i offshore omrader. Ingen @ndringer i fordelingen af storre (alder-
IV +) redspatte blev observeret. Tendenser i fordelingen af forskellige aldersgrupper af radspztte
pa Dogger Bank viste lignende fordelinger som i1 offshore ung redspatter og en modsat fordeling til
de kystnaere omrader. Disse resultater tyder pé, at @ndringer i1 fordelingen ikke var dybde-relaterede
men drevet af kystnere processer. Dette tyder endvidere pa, at der er en sterk forbindelse mellem
oligotrofiering i de kystnare omrdder, og nedgang i brugen af kystnare opvaekstomrader af ung
radspetter langs kysten i Nordseen. Disse @ndringer i fordelingen af ung redspzetter kan have en
negativ indflydelse pé fiskeridedeligheden for disse aldersgrupper og global opvarmning kan yder-
ligere drive disse offshore tendenser. Disse spergsmal skal overvejes i fiskeriforvaltningen imod et
mere holistisk integreret system forvaltning.
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Integrerede metoder til vurdering af belastning af miljgfarlige stoffer og deres biologiske ef-
fekter i det marine miljg

Jakob Strand & Martin M. Larsen

Institut for Bioscience, Aarhus Universitet

Forskellige undersogelser har de seneste ar koblet den udbredte belastning med miljefarlige stoffer
til effekter 1 snegle, muslinger og fisk fra de danske farvande, bl.a. ogsa som en del af undersagelser
udfert i regi af det danske overvagningsprogram NOVANA.

Da miljefarlige stoffer ikke kun er til stede som enkelt-stoffer i miljoet, men i komplekse blandin-
ger, omfatter kemiske analyser med fokus pa udvalgte enkelt-stoffer ikke nedvendigvis alle de bio-
logisk set mest relevante stoffer. Derfor kan vurderingen af miljefarlige stoffers betydning for det
marine miljo styrkes, nar de kemiske mélinger integreres med de biologiske effektindikatorer, da de
kan komme til udtryk som effekter fordrsaget af den samlede pavirkning fra blandinger af de miljo-
farlige stoffer der er til stede i miljoet.

Normalt vurderes belastningsniveauet for kemiske stoffer ved at sammenholde de malte niveauer
med et kriterium der beskriver den forventede baggrundskoncentration (BAC) og et kriterium for de
okotoksikologiske afledte miljovurderingskriterier/-krav (dvs. EQS, EAC eller tilsvarende). Miljo-
kriterier for forskellige biologiske effektindikatorer er nu ogsa blevet fremlagt af ICES/OSPAR
expert groups til at vurdere om de biologiske responsniveauer er forhgjede og om de eventuelt kan
udgere en risiko for sérbare populationer i gkosystemet.

Integrerede beregningsmetoder til at vurdere et samlet belastningsniveau for miljefarlige stoffer (fx
ved CHASE integrated assessment score) har vist at de bedre kan anvendes til etablere sammen-
haenge til de observerede biologiske responsniveauer, f.eks. i dlekvabbe, som har varet en negleart i
det marine overvagningsprogram. Dette har gjort at den direkte kobling mellem belastningen med
miljefarlige stoffer og deres effekter i1 dlekvabbe, herunder biomarkerer for CYP1A aktivitet, hor-
monforstyrrelser og misdannelser, er blevet mere tydelig.

Integrerede beregningsmetoder (fx Integrated Bionarker Assessment Tool) til at vurdere et samlet
biologisk responsniveau for forskellige typer af malte effektindikatorer er tilsvarende under udvik-
ling.
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Biological responses to dioxin-like compounds and PAHSs in eelpout Zoarces viviparus

Zhanna Tairova & Jakob Strand

Institut for Bioscience, Aarhus Universitet

Some environmental persistent organic pollutants (POPs) can be highly toxic and pose risk for both
natural fauna populations and humans. POPs can disrupt an array of molecular and cellular mecha-
nisms causing endocrine disruptions, cancer and teratogenic effects. Potentially, POPs can interfere
with embryo development and reproduction. At present, there is only limited knowledge of the po-
tential effects of dioxin-like compounds (DLCs) and polycyclic aromatic hydrocarbons (PAHs) in
fish from the Danish marine environment. In this project we tried to link exposure to POPs such as
DLCs and PAHs to effects in marine fish by combining different in vivo and in vitro biomarkers in
both laboratory and field studies. A combination of chemical measurements and biological effect
measurements was applied within the frame of integrated environmental assessment approach cov-
ering effects on different levels of biological organization using the coastal fish eelpout (Zoarces
viviparus) as a test organism. As a part of this investigation, natural seasonal variations in the vita-
min status based on retinoids (vitamin A), vitamin E and carotenoids in the fish have been studied
to assess the potential for changes in vitamin status being employed as in vivo biological effect
measurement. The potential of mammalian in vitro bioassays as a screening tool for environmental
samples has been explored.

An overall conclusion is that as most biomarker approaches have their limitations, one has to apply
integrated approach using both chemical and biological methods on different levels of organization
in order to assess the environmental impact of POPs in real field conditions. PAH metabolites in
bile and enzymatic induction of CYP1A in liver can be applied as biomarkers of the exposure to
POPs in eelpout, as both biomarker responses has shown capable to facilitate the estimation of
POPs impact in different geographical areas and also in the laboratory exposure experiment. Vita-
min status and teratogenic effects like abnormal fry development and embryo malformations in eel-
pout can be indicative of biological effects of POPs, although causal relationships between exposure
and effects are more difficult to establish. Vitamin status based on retinoids, carotenoids and vita-
min E in adult female eelpouts and its fry has shown to vary significantly, according to seasonality
and in relation to reproductive cycle of the fish. The hypothesis of retinoid depletion caused by
POP’s in fish can lead to abnormalities in embryo development has been corroborated. CYP1A en-
zymatic induction was introduced into this causal chain as an intermediate link via a statistically
strong biomarker response to chemical exposure and positive, but statistically not significant rela-
tion between CYP1A induction and the level of several polar retinoids, which in itself is indicative
of retinoid mobilization and consequent depletion. Together, the selected approaches confirm that
POPs can induce adverse biological effects on eelpout, and that this fish species is a reliable bioin-
dicator for environmental studies of biological effects of contaminants in fish from coastal waters.
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Acoustic tags on wild harbour porpoises reveal context-specific reactions to ship noise

Jonas Teilmann', Danuta Maria Wisniewska', Mark Johnson?, Lee Miller’, Ursula Siebert* Rune
Dietz', Signe Sveegaard', Anders Galatius' and Peter Teglberg Madsen'

" darhus University, Department of Bioscience, Denmark
’Sea Mammal Research Unit, Scotland
University of Southern Denmark, Denmark

4 . . . . .
University of Veterinary Medicine Hannover, Germany

While cetacean auditory systems have evolved to cope with underwater noise from natural sources,
there is a growing concern that anthropogenic noise may disrupt the behavior, impair the hearing or
compromise the general health of cetaceans. Evaluation of the effect of anthropogenic sounds on
harbour porpoises is primarily based on presence-absence studies before-during-after industrial ac-
tivities. Little is known about the noise free-ranging animals are exposed to and how individuals
react to specific noise sources.

We deployed archival multi-sensor DTag3 tags on six wild harbour porpoises to study noise expo-
sure and behaviour in the highly trafficked Danish Straits. The suction-cup attached tags provided
continuous recordings for up to 24 hours, while logging stereo sound (500kHz), triaxial magnetom-
etry, acceleration and depth (625Hz).

The movement and noise exposure of the animals in relation to ships were estimated using sensors
on the tag and the AIS positioning system carried by larger vessels. The porpoises were exposed to
low-to-moderate vessel noise for the majority of recordings, with occasional high levels extending
for >1 hour.

The highest received levels reached 138 dB re 1puPa m-weighted rms sound pressure level. At 125
kHz, received third-octave rms levels reached 121 dB re 1pPa, which suggests potential for mask-
ing porpoise echolocation and communication. The animals showed context-dependent reactions to
noise including cessation of foraging and echolocation, logging at the surface, or sustained energet-
ic fluking.

The avoidance responses to the ship noise exposure, suggests strong implications for foraging effi-
ciency, energy expenditure and stress impacts. Finally, it may increase susceptibility to by-catch by
distraction, masking and reduced detection of fishermen’s nets.
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Population dynamics of the spionid polychaete Pygospio elegans in Isefjord and Roskilde

Fjord.

Anne Thonig', Gary T. Banta', Jenni E. Keséniemi’, K. Emily Knott* & Benni W. Hansen'

'Deptartment of Environmental, Social and Spatial Change, (ENSPAC), Roskilde University, Uni-

versitetsvej 1, 4000 Roskilde (athonig@ruc.dk,

banta@ruc.dk, bhansen@ruc.dk)

’Department of Biological and Environmental Science, University of Jyviskyld, P.O. Box 35, 40014
Jyviskyld, Finland (jenni.kesaniemi@jyu.fi, emily.knott@jyu.fi)

We sampled populations of Pygospio elegans at four locations (Lynas, Lammefjord, Vellerup,
Herslev) in the Isefjord - Roskilde Fjord estuary complex with approximately monthly intervals
from March to November 2014. The goal of this study is to compare the population dynamics, with

special focus on reproduction and development, for P. elegans populations exposed to differing
environmental factors and that have, based on previous work, different genetic compositions. We

wanted to examine to what extent environ-
mental versus genetic factors determine the
population dynamics and reproductive mode
for this species. We determined the size dis-
tribution and the developmental and reproduc-
tive status and sex (when possible) of at least
30 individuals from each sampling. Tempera-
ture and salinity were continuously monitored
by in situ loggers at the same sites. Sediment
characteristics (particle size distri-bution, wa-
ter content, organic content) were determined
at 4 times (March, May, August, November).
The major difference between the sites was
that Herslev had notably lower (average of 12
%o0) and more variable salinity than the other 3
sites (average of 18 %o). There were small
spatial and temporal differ-rences in the other
sediment characteristics.

During spring, all populations were reproduc-
tively active (Fig. 1), but to a greater extent at
Vellerup and Herslev. Juveniles appeared at
all sites during summer and again in the fall
but numbers were reduced during late sum-
mer. All populations began to reproduce again
during fall although to varying degrees. More
detailed analyses of seasonal changes in
worm size and reproductive mode and how
this relates to environmental variables will be
presented.
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Figure 2. Distribution of reproductive stages of Pygospio elegans at the four
sites during 2014. Note, the sex of worms can only be determined if they are
reproductively active.
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Muslinger som marint virkemiddel til fjernelse af naeringsstoffer — miljgeffekter pa fjordskala

Karen Timmermann', Karsten Bolding', Marie Maar', Janus Larsen' og Jens Kjerulf Petersen’

! darhus Universitet, Institut for Bioscience
? DTU-Aqua, Dansk Skaldyrcenter

Danske fjorde og kystnare omrader er eutrofierede pga store naringsstoftilfersler fra land og fra
sedimenterne. For at opna god ekologisk tilstand i de marine omrader skal neringsstoftilforsler og
de negative konsekvenser fra eutrofiering reduceres. Indsatsen for et bedre vandmilje har fokuseret
pa reduktion 1 udledninger fra land via terrestriske virkemidler, men gennem de senere ar er ogsé
marine virkemidler blevet foresldet, som et supplement til at fjerne eller immobilisere naeringsstof-
fer 1 recipienten og reducere de negative effekter af eutrofiering fx ved at forbedre lysforholdene,
reducere iltsvind og stabilisere sedimentet. I forskningsprojektet MuMiHus blev potentialet for at
udnytte muslingeopdraet som marint virkemiddel undersegt i et fuldskala anleg i Skive fjord.
Muslingeproduktionen var optimeret til naeringsstoffjernelse og de ekologiske effekter blev adresse-
ret med empiriske studier og dynamiske modeller. Resultaterne fra en 3D model dekkende Skive
fjord og Lovns bredning viste, at muslingeopdrzttet har positive miljomaessige effekter pa fjordska-
la. Opdreetsanleegget reducerer mangden af klorofyl og eger sigtdybden i et omrade pa flere km?” (se
figur 1).
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Figur 1 Modelberegnede miljoeffekter af muslingeopdreet i Skive fiord for A) sommer klorofyl koncentration, B) sigt-
dybde og C) sedimentation. Resultaterne er vist som den %-vise forskel mellem en situation med og uden opdreetsan-
leeg.

Effekterne er storst i omradet omkring anlaegget, hvor fx den gennemsnitlige sommer koncentration
af klorofyl reduceres med op til 30% og sigtdybden i gennemsnit forbedres med op til 16%. De po-
tentielt negative miljoeffekter ved muslingeopdraet relaterer sig til faekalieproduktionen og dermed
oget sedimentation, hvilket blev observeret direkte under anlaegget, hvor sedimentationen gges med
8-10%. I et starre omrade udenfor anlegget er sedimentationen derimod reduceret med op til 15%
som folge af muslingernes filtration og pé fjordskala medferer muslingeopdraet en reduceret sedi-
mentation af organisk materiale.

Muslingeopdrat er sdledes et effektivt virkemiddel, der kan medvirke til at fjerne naeringsstoffer
tilfort bade fra land og fra sedimenterne og bidrage til positive miljoeffekter pé fjordskala.
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Adfaerd hos torsk pa et kunstigt stenrev i et baglokale pa den Bla Planet

Mikael van Deurs (DTU Aqua/Lunds Universitet), Claus Stenberg (DTU Aqua), Patrizio Mariani
(DTU Aqua), Christian Mohn (Arhus Universitet), Xerxes Mandviwalla (DHI), Flemming Thor-
bjorn Hansen (DHI), Peter Gravlund (den Bld Planet), Josianne Stottrup (DTU Aqua).

Primeer bevillingsgiver: NaturErhverv og Europeiske Fiskerifund.

Vores viden om torskens adfeerd og biologi i indre danske farvande er mangelfuld. Nu har en tilba-
gegang i antallet af torsk og et oget fokus pa naturgenopretning i Danmark, eget interessen for at
finde frem til de faktorer der er vigtige for opretholdesen af en sund torskebestand i indre danske
farvande. Habitat og fode-kvalitet er to omrader, som er narliggende at starte ud med. I denne frem-
leeggelse vil fokus vare pa habitatet. Huledannende stenrev tiltraekker torsk, som bl.a. tiltreekkes af
mulighederne for at finde skjulesteder, men revets fysiske struktur pavirker ogsa fiskenes mulighed
for at komme i le for den kraftige strom, som torsken is@r maerker 1 Oresund og balterne. Nar fi-
skenes valg i forhold til revets fysiske strukturer overlapper, skabes der rum for interaktioner bade
indenfor arter og mellem arter.

Vi vil presentere de forste resultater fra igangvaerende forskning, som skal kaste lys over forskelli-
ge aspekter af torskens adfaerd. Da observationer af sma-skala adfaerd ofte er vanskelige at fortage 1
felten, har vi forsggt at observere torsken i en delvist manipuleret meso-cosmos opsatning bestaen-
de af juvenile torsk, lebefisk, huler, ubeskyttet sandbund, levende fjordrejer og vekslende stramfor-
hold. De forste eksperimenter blev udfort i foraret 2014 pa den Bla Planet. Vi afprovede to forskel-
lige observationsteknikker: Pit-tag markning og video-observation.
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SASMAP Project: Integrating Marine Geology & Marine Archaeology with Innovative
Technologies.
Zyad Al-Hamdani', Jern Bo Jensen', and David Gregory? (Project Coordinator)

! Geological Survey of Denmark & Greenland azk@geus.dk , jbj@geus.dk
2 National Museum of Denmark, david.john.gregory@natmus.dk

SASMAP’s purpose is to develop new technologies and best practices in order to locate, assess and
manage Europe’s underwater cultural heritage. SASMAP is taking holistic and process-based ap-
proaches to investigate underwater environments and the archaeological sites contained therein.
SASMAP will first and foremost benefit the management of underwater cultural heritage in Europe
and in the rest of the world by providing valuable tools to plan the preservation of offshore archaco-
logical sites and their contents in accordance with both European and International legislation
(Treaty of Valletta (1992) UNESCO Protection of Underwater Cultural Heritage (2001).
Furthermore, the multidisciplinary nature of the consortium (marine geophysicists, microbiologists,
archaeologists, conservators, geologists) coupled with the SMES producing the new technologies
and proofs of concepts, will have far wider implications than just marine archaeological purposes.
The overall outputs of the project will be applicable and beneficial to policy makers and stakehold-
ers working with the study and management of the coastal and marine environment. Researchers
investigating the marine environment for pure scientific reasons will also gain benefit from these
new tools that will potentially improve the techniques available to study and characterize processes
operating in coastal and marine environments.

Since the start of the project work was progressing at different work-packages where two geophysi-
cal filed work campaigns were conducted in Denmark & Greece at potential offshore settlements
sites and in ancients harbor. Innovative technologies and systems as well as insifu preservation and
artifacts lifting material and designs were developed and trailed at different test sites. The results of
all these systems and tests will be published in the final project conference in 2015.

Development of Tools and Techniques to Survey, Assess, Stabilise,
Monitor and Preserve Underwater Archaeological Sites: SASMAP
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Muslinger i Miljgovervagning i Grgnland

Lis Bach, Jakob Strand, Malgorzata Zbawicka, Roman Wenne

Aarhus Universitet, ARC/DCE-Bioscience, liso@dmu.dk

I Grenland har vi hidtil formodet, at der kun fandtes en art blamusling: Mytilus edulis. Et helt nyt
genetisk studie med SNPs har nu vist, at der rent faktisk findes to arter: Mytilus edulis og Mytilus
trossulus samt hybrider imellem dem. De to arters udbredelse 1 Gronland er ukendt, og vi ved derfor
ikke, om vores hidtidige overvagning har veret baseret pa den ene, den anden eller evt. en kombi-
nation af de to arter. Vi ved heller ikke, om der er forskel péd de to arters evne til at ophobe konta-
minanter inkl. metaller fra det grenlandske miljo, og om der er forskel i de to muslingearters tole-
rance overfor metaller. Studier om optagelse og akkumulering af metaller i bldmuslinger viser dog
indikationer p4, at der kan vere en sadan forskel.

I Grenland er der lang tradition for at anvende bldmuslinger som indikatororganismer for miljobe-
lastning, bl.a. for at kontrollere om der ophobes metaller som folge af minedrift. I laboratoriet un-
dersages bldmuslingerne ved hjelp af kemiske analyser og data vurderes i forhold til en eventuel
forurening. De to arter ligner hinanden sa meget, at det nasten er umuligt at se forskel med det blot-
te gje, og det kraever genetiske analyser at kende forskel, og det har derfor ikke vaeret muligt at tage
artsspecifikke prover. Da arterne muligvis akkumulerer metaller forskelligt, er det derfor muligt, at
artssammens@tningen i en blamuslingeprove taget i forbindelse med miljeovervagning har betyd-
ning for preveresultaterne og den efterfolgende raddgivning til miljemyndigheder om en eventuel
forurening.
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Optimering af stramfelter, vandstand og klorofyl fra regional modellering og remote sensing
Jorgen Bendtsen', Mark Falkenberg', John Mortensen® , Seren Rysgaard™’ og
Jens-Olaf Pepke Pedersen*

IClimateLab, Symbion Science Park, Fruebjergvej 3, box 98, 2100 O; jb@climatelab.dk

’Gronlands Klimaforskningscenter, Gronlands Naturinstitut;
Aarhus Universitet, Arktisk forskningscenter;

’DTU Space, Elektrovej bygn. 327, 2800 Kgs. Lyngby.

Modellering af kystnare havomrader giver en detaljeret beskrivelse af strom, temperatur, salthol-
dighed og andre opleste stoffer, som fx. neringssalte og planktonbiomasse. Modelsimuleringer dri-
ves af de meteorologiske forhold, samt kendskabet til vandstand, tilfersler fra land og fordelingen af
fx. temperatur og salinitet i omradet. Tilsammen giver de et godt grundlag for modellering af cirku-
lationen og hvis der ydermere eksisterer tidsserier som kan anvendes til at validere eller korrigere
modellen kan der ofte opnas en god og troverdig numerisk modellering af bade transporter og
stramforhold. Anderledes stiller det sig i omrader hvor der er begranset, eller slet ingen monitering,
og hvor kendskabet til cirkulationen i ovrigt er begrenset. Dette er ofte tilfaeldet i omradder hvor
vejrforholdene vanskeligger opmalinger, som fx. i polare og subpolare omrader eller hvor der skal
etableres nye aktiviteter og hvor der ikke er tidligere havunderseggelser, som kan anvendes til mo-
delanalysen. Modellering i disse omrader er fokus for dette studie hvor vi anvender en hgjopleselig
regional 3D-cirkulationsmodel (COHERENS). Modellen lgser bevagelses- og massebevarelseslig-
ningerne under antagelse af hydrostatisk balance (dvs en primitiv ligning model), har en fri overfla-
de og en beskrivelse af de turbulente transporter. Modellen er formuleret i et vertikalt generelt s-
koordinatsystem med 30 lag og har en relativ detaljeret oplesning pa ~5x5 km. Modeldomanet
dekker Baffin bugten og omradet syd for Davis Straedet.

Aktuelle satellitaltimetridata fas fra Jason-2, CryoSat-2 og Saral, men til brug for sammeligning
med modelberegninger anvendes ogsa historiske data fra Radar Altimeter Database System (RADS)
fra NOAA. Pracsionen i hgjdemalingen (typisk omkring 3 cm) og den rumlige oplesning (typisk
5x5 km?2) passer godt med modellen, idet ssmmenligningen dog er begrenset af satellitternes bane
og omlgbsfrekvens. Vi prasenterer en sammenstilling af modelsimulerede stromfelter og vandstand
i forhold til satellitmalinger af vandstanden i Baffin bugten og op langs Grenlands vestkyst.
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Implications of changing salinity and increased temperature on the physiological response of
Baltic zooplankton — an example of local adaptation?

Anette Maria Christensen
DTU Aqua (National Institute of Aquatic Resources, Technical University of Denmark), 2920 Charlotten-
lund, Denmark
Email: amach@agqua.dtu.dk
Supervisors: Marja Koski (DTU Aqua), Jorg Dutz (IOW, Warnemiinde — Germany

Due to less frequent saline inflows and climate change with increased precipitation and river run-
off, the salinity (S) in the Baltic Sea is decreasing, along with a predicted increase in temperature
(T). This trend has a strong influence on distribution, abundance and community composition of
zooplankton. In many coastal areas the lowered salinity result in decreasing numbers of copepod
species of marine origin, but increases in contribution of species with brackish origin. In the future,
changes in hydrographic conditions are therefore likely to cause alterations in food web dynamics
and ecosystem function in the Baltic Sea. However, the physiological response of several important
species of both marine and brackish origin to key variables is presently insufficiently understood in
order to project future changes in biodiversity. In this study I will determine the physiological re-
sponse of copepods to variation in S and to the combined effects of T and S. The experiments will
compare the marine and ubiquitous distributed species Temora longicornis, sampled from both the
Baltic and the Kattegat, with the brackish Acartia bifilosa (Baltic), emphasizing vital rates (devel-
opment, survival, egg production) as fitness parameters. Phenotypic plasticity and the mechanisms
for the tolerance — i.e. the genetic contribution to the response — will be quantified through common
garden experiments and by constructing reaction norms. Physiological plasticity will allow the spe-
cies to acclimate to changed conditions on the costs of sub-optimal performance and, therefore, im-
paired fitness (e.g., reduced fecundity and survival). In contrast, genetic variation in relevant traits
will allow the species to adapt to changed conditions. Physiological plasticity and genetic variation
also determine the tolerance to increasing T, but may not be independent of salinity effects because
genetic variation in a population may decrease along a salinity gradient. These interactive effects

will be tested in additional experiments.
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Fiskepleje — hvad er det?

Mads Christoffersen, Claus Stenberg, Josianne Stettrup, Louise Kristensen
DTU Aqua, Danmarks Tekniske Universitet, Jeegersborg Allé 1, 2920 Charlottenlund

Formalet med Fiskepleje er at bevare og genskabe naturlige fiskebestande i1 vandleb, sger og kyst-
omrader. Fiskeplejen gavner dermed bade naturen og lyst- og fritidsfiskerne. Projektet finansieres af
de indtegter, som NaturErhvervstyrelsen, under Fedevareministeriet, modtager fra salg af lyst- og
fritidsfiskertegn. Den del af Fiskeplejen som foregér i de kystnare omrader kaldes Marin Fiskeple-

je.

Den Marine Fiskepleje udferer projekter indenfor forskning og radgivning om fisk og deres leve-
steder 1 kystnaere omrader. Projekterne defineres i samarbejde med forskere/biologer pa DTU Aqua
og lyst- og fritidsorganisationerne. Projekterne godkendes i -§7-udvalget, et udvalg der er nedsat af
NaturErhvervstyrelsen. Udvalget radgiver om spergsmaél i relation til lyst- og fritidsfiskeri. I udval-
get er der reprasentanter fra mange relevante interesseorganisationer.

Der er fokus pé projekter, som har til formil at ege viden om fisk, betydningen af deres levesteder,
og hvordan disse kan forbedres.

Aktiviteterne 1 Marin Fiskepleje har fokus pa;

e Undersogelse af forhold med betydning for fisks levevilkar
e Genskabelse af levesteder for fisk

e Registrering af kystnaere fiskeforekomster

e Udsatning af marine fisk

Det er muligt at finde svar pa relevante spergsmal omkring Fiskeplejen pa www.fiskepleje.dk.
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On deriving sand transport pathways and morphodynamics in a tidal inlet from high-
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Knowledge on tidal inlet sand transport patterns and morphodynamics is a prerequisite for develop-
ing sustainable planning and management schemes of these highly dynamic coastal systems. More-
over, information on the forcing mechanisms of the different tidal inlet morphological units and the
different transport pathways shaping the system is needed to assess the impact of potentially chang-
ing environmental conditions, such as accelerating sea level rise, increasing storm intensities and
frequencies, or shifting wind directions.

The aim of this study is to investigate the sand transport pathways and morphodynamics in a natural
tidal inlet system, the Knudedyb tidal inlet in the Danish Wadden Sea, by coupling investigations in
the sub-tidal inlet channel and the adjacent inter-tidal and supra-tidal areas to encompass the com-
plete system. More specifically, the objective is to develop a conceptual model for the sand
transport patterns and morphodynamics in the tidal inlet system, including an assessment of the
forcing hydrodynamic drivers of the different sand transport pathways, e.g. which are driven by
tidal currents during normal, calm situations and which are driven by wave-generated currents dur-
ing storm events.

Successive bathymetric surveys were carried out covering the deeper inlet channel using a vessel
borne high-resolution shallow-water multibeam echosounder (MBES) system. The exposed inter-
and supra-tidal areas and shallow sub-tidal areas were covered by successive airborne topographic
and topobathymetric surveys using high-resolution red and green Light Detection And Ranging
(LiDAR), respectively. Detailed digital elevation models with a grid cell size of 1 m x 1 m were
generated and analysed geomorphometrically.

The analyses reveal a main ebb-directed net sand transport in the main channel; however, due to the
geometry of the main channel, displaying a confluent meander bend, confined areas in the main
channel are characterised by an opposite-directed net sand transport. In the inter-tidal areas the main
net sand transport is flood-directed. However, also here the analyses reveal the existence of oblique
second-order sand transport pathways, transporting sand from the inter-tidal flat to the inlet channel
during falling tide due to drainage of the inter-tidal areas. As opposed to this, the orientation and
migration direction of isolated swash bars on the inter-tidal flat indicate that during storm events
with winds from SW, sand is transported from the inlet channel to the intertidal flat.

Hence, in addition to the typical main sand transport directions with net export in the inlet channel
and net import over the adjacent inter-tidal flats, these investigations suggest an exchange and pos-
sible recirculation of sand between the inlet channel and the inter-tidal flat with the direction of the
exchange depending on the forcing conditions, i.e. whether calm or storm conditions.
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During the past few years and especially in 2014, plastic pollution has gained a lot of media atten-
tion and public awareness is rising. Management plans and policies start to adopt strategies for mit-
igating effects and reducing entry of marine litter and beached plastic. Strangled seals or plastic
ingesting seabirds are perceived easily by the broad public through emotionally charged photo-
graphs and personal experiences on beaches all around the globe. Monitoring programs, beach
clean-ups, source elimination, and societal changes such as local bans of single-use plastic bags or
out-phasing of microbeads in personal care products are being talked of frequently. All together,
this increases the acceptance of allocation of public resources on environmental programs. In con-
trast it is hard to draw someones attention to possible effects of microplastics on community struc-
tures of organisms on the bottom of the food web, whose existence and importance we are rarely
aware of. There are chances for severe impacts in plastic accumulating ocean gyres which are of

oligotrophic nature and consequently low food availability.

So far the concentrations, biological impact and the fate of disintegrating plastics in the marine en-
vironment are still not enough understood, especially with perspective on the ecosystem as a whole.
Zooplankton, free-floating animals that often live of single-celled algae, form the link between pri-
mary production and higher trophic level organisms, including commercially important fish species
and therefore human food resources. Microplastic, either as degradation product from plastic litter
or directly introduced as microfibres, microbeads or plastic resin pellets, have been found by many
studies down to sizes of a few micrometres, which is in the food size range of most zooplankter.
The physical and chemical harm from ingestion can not be quantified yet, and also data on distribu-
tion of particles smaller than 300 um is sparse. The handling and analysis of those small microplas-
tics is still difficult and no working standard methods are in place. Here we show our ongoing work
on a sample set from a cross Atlantic transect to estimate the concentration of microplastic from 10

um and larger based on visual identification supported by Raman microspectrometry.
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Efter eksponering pa havbunden kan vanddrukkent arkaologisk tree vaere i fare for at blive angrebet
af Teredo navalis (paeleorm). Nedbrydningen af denne borende musling foregar hurtigt og kan have
en altedeleggende effekt pa genstanden, da denne kan vere helt nedbrudt i lebet af f4 maneder. In
situ bevaring af arkaologisk materiale er blevet mere udbredt efter internationale konventioner, som
UNESCOs bevaring af undervands kulturarv og Valletta traktaten, som begge foreslér in situ beva-
ring som forste prioritet. Det er derfor vigtigt at forstd peleorms angrebsrate sammenholdt med
traeets stuktur. Dette skyldes primart at man igennem tiderne har @ndret teknik til fremstillingen af
skibe i forhold til treeets strukturelle opbygningl. Desuden nar man udarbejder forseg med marine
nedbrydere folges ofte British Standard BS EN 275:1992, som dikterer at der skal benyttes trae ské-
ret i tangentiel retning ved forseget. Dog finder der ikke, til forfatternes viden, noget publiceret data
omkring effekten af traeets struktur i forhold til paeleorms angrebspraferencer. Forméalet med dette
studie er at undersoge hvorvidt paleorm har en angrebspraference i forhold til traeets struktur, for
eksempel vil tangentielt skaret tree nedbrydes hurtigere end radial eller tvaersnits skaret tree? Desu-
den undersgges om peleormens gange er specifikt orienteret 1 forhold til treeets fibre. Ved hjalp af
computer tomografi (CT)- scanning, som er en digital geometrisk proces, der kan genererer tredi-
mensionale billeder af den indre struktur i paeleormsangrebet tree, undersoges de ovenfornavnte
problemstiller. Klodser af fyrretrae skaret i henholdsvis tangentiel, radial og tvarsnit nedsettes pa
en kendt peleormslokalitet, Lynaes havn. Efter et ars eksponering optages de nu angrebne klodser,
som vejes, rontgenfotograferes, angrebshullerne telles og klodserne CT-scannes. Der observeres en
klar ssmmenhang mellem samtlige data, som viser at klodserne skaret radialt har oplevet et storre
vaegttab og en storre angrebsmangde end bade tangentielt og tversnits skéret tre. Resultaterne viser
at skibskonstruktioner og andre tregenstande skaret i1 radialsnit potentielt er 1 storre fare for pele-
ormsangreb end traegenstande skéret tangentielt eller i1 tveersnit. Da specielt vikingeskibe er skéret i
radialsnit kan disse resultater bruges, nar der skal vurderes hvilke genstande der har brug for in situ
bevaring hurtigere end andre. Andre parametre, som treets nedbrydningstilstand ber ogsa tages ind
i vurderingen2, da denne har vist sig at have en indflydelse pa om paleorm angriber eller e;j.

Referencer:

'Crumlin-Petersen, O. (1986) Aspects of Viking-Age shipbuilding in the light of the construction and trials
of the Skuldelev ship-replicas Saga Siglar and Roar Ege. Journal of Danish Archaeology 5. 209-228
*Eriksen, A.M., Gregory, D. (in press). Selective attack of waterlogged archaeological wood by the ship-
worm, Teredo navalis and its implications for in situ preservation. Journal of Archaeological Science.
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The consequences of harmful algae blooms (HABs) in the marine environment and aquaculture can
be huge. We are however still missing crucial information on some of the causative algae. The ge-
nus Alexandrium is well known as a producer of a suite of toxins, including paralytic shellfish tox-
ins (PSTs), spirolides, Goniodomin A and some unknown lytic compounds. Which of these toxins
are implicated in fish kills is presently unknown. This study will investigate five strains of 4.
pseudogonyaulax and seven strains of A. tamarense and their toxic effect on sheepshead minnov
larva and gill cells (RT-gill W1). In cooperation with DTU we will search for causative toxins of
each of these strains. 2L of each strain (3000 cells ml™") will be harvested and undergo chemical
analysis for detection of toxic compounds. This study will be based on two experiments. A series of
dose/response experiments will be carried out using live fish larva and gill cells for each of the

strains and of chemical fractions of these strains to identify the possible causative toxins.

Experiment 1. Dose response curves of five strains of A. pseudogonyaulax and seven strains of 4.
tamarense: In this experiment the toxic effect of the different strains on fish larva and gill cells will
be tested and the dose/response relationship established. Each of the strains will be grown from ini-
tial 100 cells mI™ to their maximum density in 2L bottles using f/2 algal growth medium. Samples
from different growth stages of the Alexandrium strains will be exposed to the two types of tests.
Experiment 2. Possible causative ichthyotoxins in A. pseudogonyaulax and A. tamarense:

The ichthyotoxic strains will be grown for initially in 2L to a high cell concentration. In coopera-
tionwith DTU, the possible causative compounds in cells and growth medium will be extracted us-
ing different columns separating molecular size and polarity. These extracted compounds will then

again be tested using gill cell and the fish larvae assays in dose/response experiments.
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Redsand lagoon in southeast Denmark is a non-tidal coastal lagoon, which is home to a wide range of marine
flora and fauna and is protected under Natura 2000. An increase in turbidity within the lagoon may reduce
the ecosystem health due to hindered light penetration. A threat to the lagoonal ecosystem is related to future
increasing storm intensities (Olesen et al., 2014), which are presumed to increase the suspended sediment
concentration (SSC) within the lagoon. Furthermore the planned construction of a tunnel between Germany
and Denmark may propose a threat to the lagoon due to a possible spill of sediment, which could increase the
longshore sediment influx to Redsand lagoon. Mussels can reduce the SSC in marine environments (Schro-
der et al., 2014), why the implementation of a mussel farm has been considered as a management option.

In the present study we developed a module to include mussels as a bioengineering measure in a numerical
sediment transport model and investigated how the implementation of an exterior mussel farm affect the
sediment dynamics within Redsand lagoon. On the basis of 2D modelling (MIKE21 by DHI) and field
measurements, the flow and sediment dynamics to and from Redsand lagoon were simulated during a one
year period. A mussel farm was numerically modelled through a module extension. The sediments that
passed the mussel farm were filtered according to a selected filtration capacity and regenerated as bio-
deposits with an optional settling velocity estimated based on literature reviews.

The model simulations showed that gale-force wind conditions generated a larger sediment transport to
Radsand lagoon than fair weather conditions, and thus typically generated a higher SSC within the lagoon.
The SSC within Redsand lagoon was reduced by 18% with the implementation of a mussel farm within the
modelled year. The generated bio-deposits settled within a fan of approximately 400m from the mussel farm,
and thereby reduced the sediment transport through the inlets to Redsand lagoon. The reduction in sediment
transport was greatest at the inlet closest to the mussel farm. The effects of the mussel farm on the sediment
dynamics were persistent during both fair- and gale-force wind conditions. This suggests that the implemen-
tation of a mussel farm has the potential to reduce the sediment transport to Redsand lagoon and thereby
reduce the turbidity caused by suspended sediments. Apart from bioengineering purposes, the mussel module
extension can be utilized to improve and develop sediment transport models where known natural patches of
mussels are present.
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Shallow water environments in the land-sea transition zone are challenging to map in high spatial
resolution at large spatial scales. Historically this has led to gaps (white ribbons) between terrestrial
and marine surveys. Topobathymetric LIDAR (Light Detection And Ranging), also referred to as
green LiDAR which is able to penetrate through water, holds the potential to close this gap. How-
ever, water column turbidity poses limitations to the penetration of the green laser beam, and water
column refraction of the laser beam poses limitations to the scale of features which can be resolved
at the seabed.

The aim of this study is to investigate the performance of topobathymetric LIDAR in shallow water
environments in relation to resolving small-scale morphological features at landscape scale. More
specifically, the objectives are: 1) to determine the spatial resolution as well as the horizontal and
vertical precision of green LIDAR based on object detection; and 2) to assess the potential of topo-
bathymetric LiDAR as a tool to combine and integrate terrestrial and marine mapping and related
investigations in the land-sea transition zone.

Topobathymetric LIDAR surveys were carried out in spring 2014 on an app. 7 km reach of the Ribe
Vesterd river and in a 5 km x 10 km section of the Knudedyb tidal inlet in the Danish Wadden Sea
using the airborne hydrographic laser scanner RIEGL® VQR-820-G. Prior to the surveys three ge-
ometrically defined objects (steel frames with dimensions of 0.8 m x 0.8 m x 0.25 m) were placed
within the survey area in the river section, and in a back-barrier tidal channel and on a back-barrier
salt marsh in the tidal inlet system, respectively. The exact locations of the three objects were de-
termined by a Trimble® R8 GNSS Receiver.

The preliminary results show that the topobathymetric LIDAR system can detect the three objects.
However, the sharp corners and edges of the objects are not perfectly resolved due to a combination
of point density, which primarily is a function of effective measurement rate and flight height and
speed, and seabed footprint size, which primarily is a function of water depth and water column
refraction. The horizontal and vertical precision of the LIDAR system is at sub-decimetre scale at a
95% confidence level.

This suggests that topobathymetric LIDAR is capable of resolving relatively small-scale morpho-
logical features in challenging shallow water environments in the land-sea transition zone at land-
scape scale, as large spatial areas can be covered within short time, thereby enabling a closing of the
historical gap between terrestrial and marine surveys.
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Havbundskortlaegning er en kostbar affaere, og beskrivelser af overfladesedimentets sammenset-
ning, som udger de geogene habitater for mange biologiske organismer, er kun udfert med fuld fla-
dedxkning pa ganske fa arealer. Inden for Natura 2000 omréder, er der i disse ar fokus pa at gen-
nemfore en kortlaegning begraenset til stenrev og boblerev og i enkelte tilfelde sandbanker. Kort-
leegningen uden for disse omrader er vasentlig mere sporadisk, og her er den bedste kortlaegning
oftest knyttet til rdstofomrader. I relation til Havstrategi Direktivet og det Marine arealforvaltnings
Direktiv er der behov for en mere komplet viden om de bentiske habitaters udbredelse, fx for at

kunne vurdere Havstrategi Direktivets descriptor ”havbundens integritet”.

Kortleegningsmetoden bygger pé den antagelse, at bundens ruhed over en bestemt terskelvardi er
ensbetydende med tilstedevearelse af sten, efter at andre storre ”landskabelige” elementer som ren-
der og grunde blev fjernet (Dahl et al, 2011). DCE startede med at udvikle metoden med INTER-
REG projektet BaltSeaPlan og har efterfolgende tilpasset metoden til de nye omrader. Som ny
komponent i analysevarktejet er antal af heldningsretninger taget med for at skelne mellem store
sandriber og sten (figur 1). Metoden er afprovet pé to sterre dataset indsamlet af Geodatastyrelsen

og valideret med visuelle observationer.

Figur 1 Forskel mellem
stenrev, sandribber og
andre formationer

Reference

Dahl, K., Goke, C., Lundsteen, S., Carstensen, J.,
Al-Hamdani Z., Leth, J. O., Havsteen, C. W.,
and von Qualen, S. (2011): Seabed and habitat
mapping in the Hatter Barn area - a high risk
area for shipping in the Danish Straits. 27.
BaltSeaPlan publications.
http://www.baltseaplan.eu/index.php/Reports-
and-Publications; 809/1




107

Toxic diatoms in the arctic marine food web: The effect of domoic acid on arctic Calanus co-
pepodites grazing on the diatom Pseudo-nitzschia seriata

Sara Haréardéttirl, Marina Panéiél’z, Anna Tammilehtol, Torkel Gissel Nielsenz, Bernd Krock® and

Nina Lundholm'

'Natural History Museum of Denmark, University of Copenhagen, Solvgade 83S, 1307 Copenhagen, Den-
mark

? National Institute of Aquatic Resources, Technical University of Denmark, Charlottenlund Slot, Jaegers-
borg Allé 1, 2920 Charlottenlund, Denmark

S Alfred-Wegener-Institut fiir Polar- und Meeresforschung, Okologische Chemie, Am Handelshafen 12, 27570
Bremerhaven, Germany

Abstract

The aim of this study was to test if Calanus copepodites graze on toxin-producing Pseudo-nitzschia
and whether they select between toxic and non-toxic species. Further, we investigated the effect of
grazing of Calanus copepodites on domoic acid (DA) production in Pseudo-nitzschia. The cope-
podites were fed with different concentrations of toxic P. seriata and a strain of P. obtusa, which had
previously been tested as non-toxic. The results show that the copepodites grazed on toxic Pseudo-
nitzschia. Unexpectedly, P. obtusa also produced DA, this is the first report of DA production by
this species. Ingestion rates of the copepodites were not affected by the toxic algae. The ingestion
rates did not differ between the diets (unialgal P. seriata, unialgal P. obtusa, or a mixture of both
species). P. seriata was exposed to copepodites to explore if the presence of the copepodites affects
DA production in P. seriata and, if the possible effect is mediated in direct contact between the or-
ganisms or indirectly via waterborne signals. To investigate whether the potential signal was pro-
duced by P. seriata cells or by the grazing copepodites, P. seriata was inoculated in filtered sea-
water, where the copepodites had previously been grazing on a non-toxic diatom (Thalassiosira sp.).
Toxicity of P. seriata increased in the presence of the copepodites. This response was chemically
mediated without physical contact with the grazers, and was also elicited when the grazers had been
grazing on another diatom, suggesting that the signal originates from the copepodite.
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In 2013, GEUS launched the first phase of a database project, performed for the Danish Nature
Agency. The goal of the first phase was to establish a web-interface and visualize the resource are-
as, wells and other sediment samples, as well as different raw material related data. It was, further-
more, provided the possibility to view and purchase raw material reports and other area-specific
information.

Phase 2 of the database project was carried out in 2014, where additional data in form of geophysi-
cal data and analytical results were included. The resource areas were divided into the different re-
source types, geological deposition and to which security level the resource has been mapped.
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Example of the interactive map showing the occurring resource areas.

However, for the completion of this project it was necessary to collect, structure and import the
comprehensive archive material. This has been done by creating tables for each resource area,
where the various types of data and information has been combined.
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Der anlagges i disse ar broer og nye havmelleparker 1 vores kystomrader, som forbedrer vores in-
frastruktur for trafik og strem. I forbindelse med disse projekter udgraves der ofte kanaler i havbun-
den for at sikre adgang til arbejdsomriderne for kraner og andet maskinel, eller arbejdsfartejer stil-
les p& havbunden og efterlader store huller, nar de fjernes igen. Disse huller efterlades i havbunden
efter projektets afslutning ofte med en forventning om, at de vil blive genopfyldt ad naturlig vej, og
at der med tiden vil genetableres et samfund af dyr og planter i de opfyldte huller. Det er dog ikke
veldokumenteret, hvad der sker med huller 1 havbunden, og hvad de miljomassige konsekvenser af
tilstedevaerelsen af disse er. Undersggelser har vist, at der kan opsta iltsvind 1 sugehuller fra réstof-
udvinding 1 danske fjorde, som kan spredes til nerliggende omréder. Ydermere udgraves huller i
havbunden oftest pa lavt vand indenfor alegrassets udbredelsesomrdde, hvilket er i uoverensstem-
melse med malse@tningen 1 vandplanerne om en god ekologisk tilstand og gunstige vakstbetingelser
for dlegraes.

Vi gnsker med dette studie at sette spergsmalstegn ved, om huller i havbunden genopfyldes natur-
ligt indenfor en rimelig tidhorisont, og vi praesenterer et case-study fra VVM-undersogelser for den
nye Storstromsbro, der viser, at i dette specifikke omrade kan man ikke forvente, at adgangskana-
lerne bliver opfyldt naturligt pga. de lokale hydrauliske forhold. Derfor er genopfyldning med se-
diment nedvendig som afvarge for de vasentlige effekter, adgangskanalerne i dette omrade kan
have for det omgivende kystomride og de lokale beboere. Endelig diskuteres det, under hvilke for-
hold der ber opfyldes, og under hvilke forhold det er unedvendigt.
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The most recent climate change scenarios for Denmark based on IPCC (2013) predict an increase of
1.2-3.7°C in average annual temperature, 1.6-6.9% increase in precipitation and 0.34-0.61 m sea
level rise for the period 2081-2100 compared with the reference period 1986-2005 (Olesen et al.
2014). Many low-lying coastal areas in Denmark will be threatened by sea level rise. Coastal la-
goons created by coastal realignment can act as buffer-zones against such threats and will probably
also decrease the net-emission of CO2 to the atmosphere.

A large-scale coastal realignment has been conducted at Gyldensteen Strand near Bogense on
Northern Fyn. An agricultural area (214 ha) at the Gyldensteen Estate that was drained and re-
claimed in 1870 was bought by Aage V. Jensen Nature Foundation in 2011and reflooded with sea-
water in March 2014. The Department of Biology at University of Southern Denmark will monitor
the chemical, physical and biological successions within the lagoon over the next 8 years, starting in
May 2014. The project is unique because it is the first time an agricultural area of this size is flood-
ed by seawater and monitored closely. The research will provide knowledge on changes ecological
and biogeochemical functioning through time. An important aspect in this context is to examine the
carbon balance in the new coastal lagoon — in other words, to test if the emission of CO2 to the at-
mosphere will increase or decrease compared to the situation before flooding.

The research questions of this study are 1) how fast will it take for an agricultural soil to develop
into marine sediment? and 2) how will the short-term and long-term carbon balance driven by pri-
mary production and respiration develop?

Soil characteristics and CO2 emission were measured at 30 locations in the Gyldensteen Strand area
one year before flooding. Measurements after the reflooding consisted of soil/sediment sampling at
8 stations in the lagoon for determination of solid phase characteristics and fluxes of dissolved so-
lutes (02, CO2 and nutrients) in the laboratory. The results were compared with measurements at
two stations in the marine area outside the lagoon and with CO2 emissions at a control station in the
dry agriculture land next to the lagoon. The work was conducted in campaigns every 2nd month
over one year. In addition, two stations inside the lagoon were selected for in situ measurements.
The 1st year study is far from completed, but the results from 4 campaigns show that the total CO2
efflux was reduced by a factor of four after the area was flooded with seawater. The control station
on agriculture land shows the same high emission as found in the area before flooding. The benthic
algal communities (cyanobacteria and filamentous green-algae) developed rapidly during the first
summer and showed high primary production. In situ measurements showed rates that were compa-
rable to those measured in the laboratory, except for a generally higher light-driven primary produc-
tion during summer.
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Banker og skjulte dale i Horns Rev omradet.

Birger Larsen
GEUS, Oster Voldgade 10, DK 1350 Kobenhavn K. E-mail BIL@GEUS.DK

Forundersogelserne for vindmelleparkerne Horns Rev I, II og III har sammen med andre maringeologiske
undersagelser givet os et indblik i opbygningen af havbundens geologi i et omrade som ellers ser ret u-
spetakulert ud. Selve Horns Rev er en rekke sandbanker der streekker sig henved 30 Km ud i Nordsegen fra
Danmarks vestligste punkt Blavands Huk. Revet ligger helt pa tvers af strom og tidevand og geologerne har
leenge troet at revet sammen med Blavands huk bestod af en solid kaerne som Vestkysten har ophaengt pa, lidt
i stil med Bovbjerg. Undersogelserne for Horns Rev I viste imidlertid at Revet sammen med Skallingen be-
star af en tyk aflejring af Holoceent marint sand der overvejende hviler pa havaflejringer fra sidste interglaci-
al (Eem) tid nede i kote -20- 25 m. Fortsattelsen af smeltevandssletterne fra sidste istid er tilsyneladende
eroderet veek men findes leengere nordpa udfor Nymindegab.

Den yderste ende af Horns Rev, ca. 25 km fra kysten, hviler pa en morane knold - en bakke ¢ kaldt Vovov
bakkegen, der nér op til omkring 15 m under havniveau. Undersoggelserne for Horns Rev II vindmelleparken
viste at bakkegen bestar af glacialt forstyrrede aflejringer fra forrige istid Saale mest smeltevandssand og lidt
moraneler. Som vi ogsé ser det pd Ribe kanten er koldtvands marine aflejringer fra den endnu aeldre istid —
Elster- blevet skubbet med op af Saaleisen. Bakke o landskabet er dog grundigt hevlet af den sidste Saale
isdekke. Vovov bakkegen var nok en @ i Eem havet- for vi har fundet render rester af gsters m.v pé kanten af
Vovov bakkegen.

Langs estsiden af Vovov bakkeo knolden har en 5 km bred dal skaret sig ned i Eem aflejringerne og lidt
leengere nordpa helt ned til saalemoranerne. Dalen, som nu er helt begravet, kaldes Horns Rev dalen. Den
krydser neden under Horns Rev og kan felges sydpa til udfor syd enden af Fane og nordpa mindst 30 km.
Dalen er i forste omgang delvis fyldt optil kote -25m med smeltevandsaflejringer fra sidste del af sidste istid
—men 14 stadig som et langt sumpet dalstreg i fastlandstiden forst i Holocan.

For omkring 8500 ar siden traengte havet ind i dalstraget og der blev dannet en lang fjord eller sund. Havs-
pejlet steg hurtigt og bakkegen blev oversvemmet allerede for ca. 7000 ér siden. Enorme sedimentmangder
blev fort ud i dalen og den store lavning i landskabet der 14 over mod den nuverende jyske Vestkyst. Vi kan
se hvorledes dalen gradvis fyldes ved lag pa lag leegges pa vestskraningen af dalen. Sedimenttilferslen har
veret sa stor at der i dag ligger en bred sedimentbanke med dybder omkring 10-12 m hvor fer Horns Rev
dalen 14. Havbunden ligger altsa hgjere hvor dalen var end overfladen af Vovov bakkegens lige ved siden af.
Det er overvejende disse aflejringer som Horns Rev III vindmelle parken skal bygges pa. Samtidig med den-
ne ud-og opbygning ophobes ogséd Horns Rev og et sandprisme langs Jyllands Vestkyst og Skallingen- sa det
er helt enormt hvad der er aflejret af sand og dynd i omradet i Holocaen tid.

Gar vi en etage lengere ned under lavningen, ned under de Holocene lag og Eem havets aflejringer, som de
ligger pa kommer vi ned til det gamle saale istidslandskab- Kote ca — 30m. Det karakteristiske er at landska-
bet delvis bestar af meget store ( 100-300 m) isopskudte flager, der er skubbet op pé de fede sorte leraflejrin-
ger fra gvre Tertizr. Hele landskabet er gennemskaret af et net af store men helt opfyldte tunneldale, der ofte
er skaret 200- 300 m ned i til det faststdende Tertier. Det kunne godt se ud til at lavningen mellem Vovov
bakkegen og Varde Bakkeg pa landsiden haenger sammen med dette skjulte net af tunneldale.
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Release of metals from anoxic sediment
Martin M. Larsen, Gitte Jacobsen
AU Bioscience

The Bornholm Deep is anoxic every summer, and samples was collected in the fall 2012 and stored
dark and cold (4°C in climate room), degassing regularly with Ar(g) to keep the overlying water
column anoxic. Nine sediments columns was selected and divided into three groups, (1) where the
water was kept anoxic, (2) where the water column was re-oxygenated and (3) was re-oxygenated
and one Harris mud crabs (Rhithropanopeus harrisii (Gould, 1841)) was added to the sediment. The
overlying water was exchanged with water from the site where the Harris mudcrabs where caught
immediately before the experiment started, with the water for the first group de-gassed by Ar(g)
bubbling. Due to inactivity of the crabs in the first week, the temperature was raised from 4°C to
10°C on day 5 to 6, and kept at 10°C during the last week of the experiment.

Analysis of the crab body softparts indicated, that Al, Cr, and V increased in the three crabs ex-
posed to sediment, compared to 6 non-exposed crabs collected at the same time, whereas Cd de-
creased (T-test, 0.05 level). Test of the meat in the crab claws also indicated increasing Al and V,
but not Cr and Cd.

The overlying water was analysed from just above the sediment surface and the top of the water
column on day 1, 4,8 and 12, and the results for V, Mn, Co, Ni, Cu, Zn, Cd, Pb and Fe will be pre-
sented, together with indication of statistically significant increase in concentration between the
different groups of treatment. The water was clear over both groups without crabs, but cloudy, indi-
cating re-suspension in the group with crabs.

The metal release from sediments will be discussed in the context of re-oxygenation of anoxic or
low-oxic sediments and the effect of organism that digs into the sediment in recently re-oxidised
bottom waters.
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Seabed sediments in Danish waters

J.0. Lethl), S. Lomholtl), Z. Al-Hamdani", J.B. Jensenl), N. N@rgaard-Pedersenl), C.S. Andresen",
D.J. Jensenz), S. Skarl), L. Tougaardl), M.S. Andersen" and B. Larsen”.

) GEUS, Oster Voldgade 10, 1350 Kobenhavn K. Corresponding author: jol@geus.dk
2 Orbicon, Ringstedvej 20, 4000 Roskilde

Sediment data from the Danish seabed collected during the last 15 years has been compiled into an
updated seabed sediment map covering the entire Danish EEZ. The new map shows by its classifi-
cation the nature and variability of the seabed sediments from the Baltic Sea to the far end of the
North Sea. The map is published as a digital map, which can be downloaded in GIS-format from
GEUS’ homepage www.geus.dk.

Since the previous version of the seabed sediment map was published in 2000 a comprehensive
amount of acoustic and sample data have been acquired in relation to different mapping projects as
e.g. habitat mapping, mapping for raw materials and construction works such as offshore wind
farms and the Femern Belt connection. All the newly acquired data are stored at GEUS in the Jupi-
ter and Marta databases. These data combined with other available data like bathymetry and biolog-
ical/fishery information constitute the basis for the interpretation of the seabed structure and the
distribution of the sediments in the upper 0.50 m of the seabed. Due to the scattered distribution of
data points the interpretation partly is based on extrapolations between data points and not at least
expert knowledge. The sediment classes used in the map is defined by specific grain size composi-
tion. However, the class “moraneler/till” is a mixed sediment and the class “sedimentary rock™ in-
dicates where deposits dating several million years back in time is emerging at the seabed (e.g.
around Bornholm and in @resund). The sediment distribution reflects the geological processes act-
ing at Present or in the past.

During the last decades the need for information about the seabed sediments has been increasing as
a consequence of EU directives for protection of the environment (habitats and fishery), national
regulation and planning for marine resources and a series of infrastructure projects like wind farms,
cables, fixed links etc. We expect that the new digital sediment map will be useful for an even wider
range of end users.
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EMODnet: The European Marine Observation and Data Network

J.O. Leth
GEUS, Oster Voldgade 10, 1350 Kobenhavn K. E-mail: jol@geus.dk

The European Marine Observation and Data Network (EMODnet) is a consortium of organisations
within Europe that assembles marine data, data products and metadata from diverse sources in a
uniform way. The main purpose of EMODnet is to unlock fragmented and hidden marine data re-
sources and to make these available to individuals and organisations (public and private), and to
facilitate investment in sustainable coastal and offshore activities through improved access to quali-
ty-assured, standardised and harmonised marine data which are interoperable and free of restrictions
on use. EMODnet is a long term marine data initiative from the European Commission Directorate-
General for Maritime Affairs and Fisheries (DG MARE) as part of its Marine Knowledge 2020
strategy. The EMODnet data infrastructure is developed through a stepwise approach in three major
phases. Currently EMODnet is in the 2nd phase of development and there are seven sub-portals in
operation that provide access to marine data from the following themes: bathymetry, geology, phys-
ics, chemistry, biology, seabed habitats and human activities. EMODnet development is a dynamic
process so new data, products and functionality are added regularly while portals are continuously
improved to make the service more fit for purpose and user friendly with the help of users and
stakeholders.

EMODnet-Geology

The geology portal provides access to data and metadata held by each organisation and data prod-
ucts compiled at a scale of 1:250,000. All interpretative products will be based on primary infor-
mation owned by the project partners, which will be supplemented with other information in the
public domain. 36 partners in total from all over Europe are participating.

Data Products and Services:

e Fully populated GIS layer of harmonised sea-bed substrate information, including confi-
dence information based on the density of the information used to create the geological in-
terpretations. Model for semi-automated classification of acoustic data for spatial modelling
of substrate data.

o Fully populated GIS layer of sea-bed geology information.

o Fully populated GIS layer of coastal typology and behaviour information. Guidance on har-
monised coastal monitoring.

o Fully populated GIS layer including locations of event features (landslides, earthquake epi-
centres).

e Fully populated GIS layer of sites of mineral resources. GIS-embedded regional model of
sand-and-gravel resources.

Where the most up-to-date geological information is held on third-party websites, arrangements
will be made for web-mapping services to provide these data to the EMODnet-Geology portal. So
far GEUS has participated with information on the seabed substrates based on the newly published
sediment map.

More information from www.emodnet.cu
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Udpegning af beskyttede havomrader i Kattegat

Bente Brix Madsen*, Ditte Mandee Andreasen* og Kim Ragaard**

*Naturstyrelsen, bebma@nst.dk

**NaturErhvervstyrelsen

Som en del af implementeringen af havstrategidirektivet i Danmark, foreslar regeringen at udpege

beskyttede havomrader i Kattegat.

Det foreslés at beskytte den dybe (hovedsageligt > 20 meter) blode bund i Kattegat. Beskyttelsen
indebarer, at omrdderne fremover vil vare friholdt for fysiske forstyrrelser, som for eksempel fi-

skeri med bundslebende redskaber, klapning og rastofindvinding.

Det har varet vigtigt at fa udpeget arealer, hvor der er kendte forekomster af sdrbare arter. I nogle af
omraderne er bundfaunaen dog mindre kendt. Efterfolgende vil der blive etableret et overvagnings-

program i omraderne som en del af havstrategiens overvagningsprogram.

Forslaget er udarbejdet i samarbejde mellem Naturstyrelsen under Miljeministeriet og NaturEr-
hvervstyrelsen under Ministeriet for Fedevarer, Landbrug og Fiskeri med inddragelse af interessen-

ter.

Note: Havstrategidirektivet er tiltradt i Danmark i 2010 og hovedformalet er at opna god miljotilstand. I 2012 vedtog
miljoministeren Danmarks Havstrategi, der indeholder en basisanalyse, der viser den nuvcerende tilstand og miljomdl
for at opnd eller opretholde god miljotilstand. Indsatsprogrammet for at nd god miljotilstand er under udarbejdelse.
Det samlede overvdgningsprogram for havstrategien er iveerksat fra 2014. Se mere om Havstrategidirektivet pd

www.nst.dk
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Fine-grained particle flocculation in the Arctic, Disko Fjord, West Greenland

Thor N. Markussen1, Thorbjern J. Andersenl, Christian Winter2 & Bo Elberlingl

1CENPERM, Dept. of Geosciences and Natural Resource Management, University of Copenhagen, Den-

mark

2MARUM, University of Bremen, Germany

In the Arctic, thawing permafrost and increased melting of glaciers have proven to be important
drivers for changes in not only the fine-grained sediment supply but also increased biogeochemical
fluxes such as those of iron and organic carbon from land to sea. We argue that flocculation is a
controlling factor for the magnitude of fluxes and deposition rates in the coastal marine environ-
ment but that the process is still not well studied in the Arctic. This project aims at understanding
the influence of flocculation in an Arctic fjord system, Disko Fjord, West Greenland, primarily

based on in-situ measurements in the summer of 2013 and 2014.

A novel, laser-illuminated camera system was used and showed significant improvements of the
particle size measurement capabilities. Results show that the particles were flocculating at periods
with low shear. Our assumption is that the flocculation takes place in the plume and the particles
start sinking when the current velocities are low. Furthermore, an inverse relationship was found
between the concentration of highly reactive particulate iron and primary particle sizes while a di-
rect relationship was found between the Fe-concentration and floc sizes. Thus, the larger the floc
size the more iron is adsorbed and the more primary particles does it consist of. The observed floc-
culation dynamics coupled with the relationship to iron concentrations highlight the potential for
redistributing sediments and nutrients in the water column, and serves as an important factor in the

sediment and biogeochemical fluxes from land to sea in the Arctic.

Can modelled harbour porpoise distribution based on satellite tracking be validated from
static acoustic monitoring?

Lonnie Mikkelsen', Frank F. Rigétl, Signe Sveegaardl, Line Kyhnl, Mats Amundin?, Ida Carlén3,
Julia Carlstrém’, Cinthia T. Ljungqvist’, Daniel Wennerberg?, Jens Koblitz*, Harald Benke®, Jonas

Teilmann'.

'darhus University, Department of Bioscience, Roskilde.
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‘German Oceanographic Museum, Stralsund, Germany.

Species distribution models are increasingly being used to model habitat suitability from position-
ing records. Here we use satellite locations from 15 tagged harbour porpoises (Phocoena phocoena)
in the western Baltic Sea to model suitable habitats using the species distribution model MaxEnt
(Maximum Entropy modelling). The basic principle of MaxEnt is to compare environmental varia-
bles at positions where porpoises have been ‘observed’ with environmental variables at a random
selection of positions in the landscape. The data set with one position per day yielded enough data
to make reliable models for two seasons, summer (Jun-Aug) and autumn (Sep-Nov). The model
showed large differences in habitat suitability within the study area and among our environmental
variables salinity, temperature and distance to coast had the most explanatory power. These results
were consequently compared to harbour porpoise occurrences obtained from a large scale study
based on static acoustic monitoring of porpoises using C-PODs, covering the same area. Results
from the acoustic study revealed the same pattern as the MaxEnt model; both showed a strong gra-
dient in porpoise occurrence/habitat suitability from west to east, and the two data sets had an expo-
nential correlation.
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Muslingeproduktion i danske fjorde — uudnyttet potentiale eller problemfyldt farvand?

Pernille Nielsen, Kerstin Geitner, Emma Funk og Jens Kerulf Petersen

DTU Aqua, Dansk Skaldyrcenter, peniel@aqua.dtu.dk

Der er mange gode grunde til, at der skal foregd muslingeproduktion i de danske fjorde. Som ek-
sempler kan navnes: udnyttelse af en naturlig ressource, at muslinger er en meget sund spise, at alle
former for muslingeproduktion er med til fjerne naeringsstoffer fra vandmiljeet samt skaber arbejds-
pladser og indtjening ofte i omréder udenfor byerne. Hvordan kan det sa vare, at etablering af ny
muslingeproduktion 1 de kystnere omrdder i Danmark ofte moder stor modstand fra grenne organi-
sationer samt lokale borgere og myndigheder?

Med Vejle Fjord som case study har vi indhentet tilkendegivelser fra forskellige udvalgte interes-
senter. Derudover er der indhentet informationer om infrastruktur samt miljedata. Med udgangs-
punkt i de indsamlede informationer har vi herefter udpeget og kortlagt egnede omrader til muslin-
geproduktion i Vejle Fjord. Udpegningen af egnede omréder til de forskellige muslingeproduktions-
former i Vejle inder- og yderfjord er influeret af forskellene mellem de to omrader i forhold til bio-
logiske og fysiske forhold, infrastruktur, fritidsaktiviteter og forvaltningsmassige aspekter. Inder-
fjorden er generelt kendetegnet ved at store dele af arealet anvendes til fritidsaktiviteter, hensynta-
gen til alegraessets dybdeudbredelse samt fysiske hindringer som sejlrenden. I Yderfjorden er det
hovedsageligt tilkendegivelser fra motorsejlerne, alegreessets dybdeudbredelse samt to klappladser,
der er begreensende for udpegning af arealer egnet til muslingeproduktion.

Udpegning af omrader egnet til muslingeproduktion 1 bdde Vejle inder- og yderfjord er i hoj gad
muligt under hensynstagen til potentielle arealkonflikter med andre brugere af fjorden, miljeforhold
og fysiske forhindringer. I det videre forleb 1 projektet vil udpegningen af omradet blive forelagt
Vejle Kommune og herefter vil der vaere en fzlles offentliggerelse af projektets konklusioner om-
kring egnede omrader til muslingeproduktion i Vejle Fjord. Forventningen er, at projektets konklu-
sioner og anbefalinger fremadrettet vil blive brugt aktivt ved eventuel etablering af de forskellige
muslingeproduktionsformer i Vejle Fjord samt generelt vaeere med til at lofte debatten omkring
muslingeproduktion i de kystnaere omrader fagligt.



119

High-resolution sea surface temperature and sea ice reconstructions for 15-10.9 cal ka BP in
Baffin Bay

Mimmi Oksman'?, Arto Miettinen’ , Kaarina Weckstrom? , Michal Kucera4, Rebecca Jackson®

"Department of Geology and Geosciences, University of Helsinki, Helsinki, Finland

’GEUS, Geological Survey of Denmark and Greenland, Copenhagen, Denmark

3N0rwegian Polar Institute, Tromso, Norway

MARUM, Centre for Marine Environmental Sciences at the University of Bremen, Bremen, Ger-
many

Here, we present high-resolution August sea surface temperature (aSST) and sea ice reconstructions
for the time interval 15-10.9 cal ka BP in central Baffin Bay based on fossil marine diatoms. The
Baffin Bay area is very sensitive to the variability of the climate system due to its oceanographic
setting where Atlantic and Arctic origin water masses influence. The Baffin Bay region experiences
annual fluctuation in the sea ice cover and it is completely ice free during the summers.

A 600 cm-long marine sediment core SL-170, recovered from 1 078 m water depth, was analyzed
for diatom assemblages at 5 cm intervals for the period 15-12.6 cal ka BP and 1 cm intervals for the
period 12.6-10.9 cal ka BP. For more detailed information we used X-ray fluorescence core scan
measurements. The age-depth model was created using 8 radiocarbon dates, with an average chron-
ological resolution of 11.3 yr cm™. The raw diatom data was converted into aSSTs by using the
weighted averaging partial least squares (WA-PLS) transfer function method and a calibration da-
taset consisting of 184 surface samples from the North Atlantic and Baffin Bay with 52 diatom spe-
cies. The sea ice reconstruction was based both on a qualitative and a quantitative method. The
qualitative method uses the relative abundance (percentages) of the sea ice-related diatom species
Fragilariaopsis cylindrus and oceanic, while the quantitative method for May sea ice cover is based
on the Maximum Likelihood transfer function method.

Diatom inferred results show a warm period at 13.7-12.6 cal ka BP during the Belling-Allered, and
cold aSSTs with higher sea ice concentrations from 12.6 to 11.7 cal ka BP. This cold event coin-
cides with Younger Dryas cooling event in Greenland, yet the same signal is not seen in detrital
delivery to the Baffin Bay based on the XRF results (Ca counts). The YD stage ended with gradual
warming around 11.7 cal ka BP and the final stage of the YD is characterized by a decline of sea
ice related species (Fragilariopsis spp.) and a distinctive peak of increased proportion of relatively
warmer water species Thalassiosira gravida around 11.4 cal. ka BP.
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The Baltic ATLANTIS model: Implementing a holistic framework to evaluate ecosystem-wide
responses to changing climate and exploitation.

Authors: A. Palacz*, J. R. Nielsen', H. Gislason®, A. Christensen’, F. Bastardie’, K. Geitner*, M. Maar’, M.
Lindegren', M. Hufnagl®, B. Fulton®.

Institutions: ' Technical University of Denmark, National Institute of Aquatic Resources, Charlottenlund,
Denmark; *Arhus University, Department of Bioscience, Roskilde, Denmark;

SHamburg University, Institut fiir Hvdrobiologie und Fischereiwissenschaft, Hamburg, Germany; *CSIRO
Marine and Atmospheric Research, Hobart, TAS, Australia

Our goal was to set-up a holistic modeling tool capable of establishing operational links between some
of the advanced tools and relevant datasets describing various physical, biological and socio-economic
processes and their complex interactions for relevant marine ecosystems. Here we present initial results
of implementing such a holistic framework in the Baltic Sea using the state-of-the-art whole-of
ecosystem model ATLANTIS. This has been done in cooperation with the Danish Strategic Research
Council Project IMAGE and the EU FP7 Vectors of Change in Oceans and Seas Marine Life, Impact
on Economic Sectors (VECTORS) project. The complex ATLANTIS model consists of a multitude of
distinct but coupled modules all together representing a spatially explicit multi-trophic level marine
ecosystem and associated fishing and management systems. The Baltic ATLANTIS application
resolves processes in three spatial dimensions with 29 polygon-shaped boxes delineated across 9
vertical layers, and with a 12-hour temporal resolution. The model simulates dynamic changes for 33
biological functional groups from the coupled benthic-pelagic realm. The food-web module spanning
from bacteria to marine mammals is informed by a comprehensive set of field data and results from
other models covering spatio-temporal patterns in abundances and biomasses as well as constraints on
many physical, chemical and biological rate parameters. The model is forced with hydrodynamic fields
from the coupled physical-biological ERGOM-HBM model. and riverine nutrients loads from the
HELCOM database. We present the results from a balanced. near-equilibrium ecosystem calibrated to
2005 mitial conditions of climate, eutrophication and fishing exploitation. Moreover, we demonstrate
the model's capability to simulate ecosystem-wide responses under scenarios of change in
eutrophication pressure, and discuss the model's strengths and weaknesses in light of its current
assumptions and limitations.
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Management of fishery: Importance of fish food web dynamics in coupling of multispecies
and bio-economic fisheries management evaluation models

Stine D. Rossl*, J. Rasmus Nielsen', Henrik Gislason', Niels G. Andersenl, Morten Vinther' &
Francois Bastardie'

"Technical University of Denmark, National Institute of Aquatic Resources, Charlottenlund, Den-
mark
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Predation and competition are important drivers of fish population dynamics such as mortality, mi-
gration, growth and reproduction (stock recruitment). Assessment of the predation pressure on
commercially valuable species is to an increasing extent being implemented in fisheries manage-
ment to evaluate the resource availability. This requires extensive knowledge about the predators
and their feeding ecology — knowledge which is often not available.

Here, we investigate the diet and ecological role of whiting, which is the main fish-eating species

together with cod in the western Baltic Sea — a brackish semi-enclosed environment connected to

the North Sea through the shallow Kattegat, inner Danish straits and the Sound. Salinity and species
diversity decrease from west to east and the upper part of the Baltic marine food web contains only
few fish species with herring and sprat being the most abundant. Not surprisingly, these two species
are the main prey of whiting, comprising up to 90% of the diet of individuals > 20 cm. Gobies and
brown shrimps are frequently found in the stomachs of the smaller whiting, in particular during
winter, while other invertebrates such as polychaetes and small crustaceans are found during sum-
mer. A 30 cm Baltic whiting weighing approximately 300 g has an average yearly consumption of

4,000 kJ, corresponding to 600 to 800 g of herring or sprat.

The results are used in the Stochastic Multispecies Model (SMS) that incorporates biological inter-

actions between fish species and fish production for the key fish and marine mammals in the west-

ern Baltic Sea. By combining survey data on fish density in the sea (catch-per-unit-effort, CPUE)
and consumption rates for the main predators, the total predation on commercially valuable species
such as herring and sprat can be estimated. The combined information on natural and fishing mor-
tality will increase the accurateness of the single-species assessment and indirectly result in better
management advice and decisions.

The SMS can be coupled with a multi-stock-multi-fleet bio-economic fisheries management evalua-
tion model (DISPLACE www.displace-project.org), thereby enabling quantification of the available
resources for the fishery by age or size. Bio-economic models are used to predict the impact of dif-

ferent fishing scenarios and harvest levels in relation to biological stock sustainability levels and the

economic viability of the different fisheries. The model predictions can be used to improve stock
assessments and to make more informed fisheries management decisions. Examples of model out-
puts from the coupled SMS and DISPLACE evaluations are given for cod, herring and sprat.
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Investigating the potential of environmental DNA detection for monitoring marine fish diver-
sity and abundance

Eva E. Sigsgaard
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Marine fish populations around the world are declining due to overfishing, habitat destruction, inva-
sive species and other threats. Management is dependent on comprehensive monitoring data, but
current monitoring methods are selective and often invasive. In this ongoing study, we investigate
the potential of monitoring the biodiversity and relative abundance of marine fishes using environ-
mental DNA (eDNA) from seawater samples. Water samples collected every two weeks for seven
months at a nearshore site in Denmark have been analysed using next-generation sequencing (NGS)
and quantitative PCR (qPCR). Results were compared with observations from snorkeling, which
was performed by fish experts alongside water sampling. The vast majority of fish diversity ob-
served by snorkelers was recovered by sequencing of eDNA, but the overlap between the two
methods varied widely between sampling events. Several species were detected with eDNA, that
were not observed during snorkeling. These species were, with one exception, locally occurring.
The estimated relative biomass of observed fish species did not correlate with the relative read fre-
quencies obtained by NGS from the corresponding water sample. However, this could well reflect
the cryptic behavior of some common species, leading to decreased detection rates during snorkel-
ing. eDNA concentrations, as determined by qPCR, correlated with snorkeling results for the most
abundant of the two assayed species. We conclude that while much investigation is still needed into
the production, movement, and breakdown of eDNA in the marine environment, eDNA monitoring
of marine fishes holds great promise.
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Flooding hazards from sea extremes and subsidence
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If we do not understand the effects of climate change and sea level rise (SLR) we cannot live in
low-lying coastal areas in the future. Permanent inundation may become a prevalent issue but more
often floods related to extreme events have the largest damage potential, and the management of
flooding hazards needs to integrate the water loading from various sources. Furthermore, local sub-
sidence must be accounted for in order to evaluate current and future flooding hazards and man-
agement options.

We present the methodology (Figure) and preliminary results from the research project “Coastal
Flooding Hazards due to Storm Surges and Subsidence” (2014-2017) with the objective to develop
and test a practice oriented methodology for combining extreme water level statistics and land
movement in coastal flooding hazard mapping and in climate change adaptation schemes in Den-
mark. From extreme value analysis of tide gauge records, statistics that allow also for projections of
SLR, meteorological variability, and extremes with a very low probability of occurrence are provid-
ed. Land movement is researched with a focus on short term surface height variability in the
groundwater-ocean interface that, together with longer term processes, may cause substantial sub-
sidence and impact future water management and adaptation strategies in flood prone coastal areas.
Field studies’ results from repeated precise levelling, GPS setups, and ocean and groundwater level
monitoring in Thyboren and Aarhus are integrated into geological and geophysical data and model-
ling work to explore the nature and causes of the subsidence encountered, and to explore new ways
of utilizing data in relation to coastal flooding hazard mapping. Here, preliminary results from the
study sites show local subsidence in the order of up to 5-10 mm/y; rates that thus currently exceed
SLR by far. The combined effects of storm surges and subsidence may then e.g. be projected in a
Digital Elevation Model (DEM) to give more realistic future surface and flooding level representa-
tions.
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Figure. Sketch of the research setup. Field studies, statistics and existing measurement and modelling efforts are com-
bined to yield more detailed information on land subsidence and to improve flooding hazard assessments.
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Gran laser i kystnar opmaling og miljgmonitering
Carlo Serensen', Verner B. Ernstsen’, Jorgen O. Leth’, Zyad Al-Hamdani® & Laurids Rolighed*

1) DTU Space (carlos@space.dtu.dk ) & Kystdirektoratet.
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Kystdirektoratet, Institut for Geovidenskab og Naturforvaltning ved Kebenhavns Universitet,
GEUS og NIRAS har siden 2013 samarbejdet omkring anvendelse og udvikling af metoder til op-
méling og monitering med flybédren gren laser, der, i modsatning til traditionel laseropmaéling, ogsa
tillader maling af havbunden pa vanddakkede arealer. Vi praesenterer resultater af opmalinger med
flybédren gron laser langs Nordsj®llands kyst samt i Vadehavet (figur) og perspektiverer disse i for-
hold til fremtidig anvendelsesomrdder for kystnere opmalinger af dybdeforhold og i miljemonite-
ring.

Gron laser kan anvendes til mange formél og gerne i kombination med andre data som luftfotos, in
situ mélinger af sedimenttransport, on-site validering af bundforhold, satellitdata mv. Detaljeret
kortlaegning af kystzonen er vigtig 1 forhold til morfologi, sedimenter og geologi, iser 1 forhold til
den fremtidige kystudvikling set i lyset af klimagndringer og et potentielt &ndret stormklima. Et
godt kendskab til de faktiske dybde- og bundforhold vil give bedre mulighed for fremskrivning af
erosion/kystlinjeeendringer, for modellering af oversvemmelsesfaren langs kysterne og optimering
af nuvaerende og fremtidige kystbeskyttelsestiltag langs kysterne. Endvidere vil teknologien styrke
forvaltning og monitering i relation til eksempelvis sandfodring/-bypass og habitatkortlaegning. An-
vendelse af gron laser giver mulighed for ”semles” kortlegning af hele kystzonen, inklusiv over-
gangszonen land-hav; en forbedret og mere effektiv ssopméling; at favne smé- og storskala morfo-
logi 1 hidtil uset detaljeringsgrad og ngjagtighed, og mulighed for at efterleve EU-malsatninger om
integreret, okosystembaseret kystzoneforvaltning.

Et fortsat og udvidet samarbejde omkring anvendelse af gron laser vil bidrage til en effektiv og bae-
redygtig udnyttelse og beskyttelse af landets naturressourcer isr indenfor kystzonen, hvor informa-
tionsniveauet indtil videre er utilstraekkeligt. Fremadrettet ses desuden store perspektiver 1 anven-
delse af civile droner (UAV’s) til gron laseropméling. Dette kreever dog endnu udvikling bl.a. i at
mindske vaegten af méleudstyr.
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Figur. a) Testdata fra Sjeellands nordkyst; b) udsnit af testdata og dykkerobservationer til
validering; c) undersogelsesomradet i Vadehavet; d) udsnit af intertidal tidevandsflade fra topografisk opmaling med
rod laser-system foretaget af NIRAS i 2011.
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%) Flemming Mohlenberg, Flemming Thorbjern Hansen, Thomas Uhrenholt, Anne Lise Middelboe,
Xerxes Rohinton Mandviwalla
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SDHI, A gern Allé 5, DK-2970 Horsholm

Viden om stenrev (Naturtypen 1170) og deres betydning for gyde- og opvakstomrader for fisk er i
dag sparsom. Der er ikke tidligere gennemfort undersegelser, der har dokumenteret hvordan et sten-
revs storrelse, struktur og placering spiller ind pa dets betydning som gyde- og opvakstomrade for
fisk. Det er derfor 1 dag ikke muligt kvantitativt at redegere for stenrevs betydning for fiskeressour-
cerne eller udarbejde mélrettede natur-genopretningsplaner for stenrev med det formal at genskabe
gyde- og opvakstomrader for fisk. Det vil Projektet RevFisk forsege at rdde bod pa.

Centrale sporgsmaél i projektet er: Hvilke fiskearter findes pa revet? Hvornar er fiskene der? Hvilke
fisk er neglearter pd revet? Hvad er faunaudbuddet? Hvad spiser neglefiskearterne? Hvor stor del af
fiskenes fode stammer fra stenrevet? Hvad er rovfiskenes adfaerd og opholdstider pa stenrev? Er der
inter- og intraspecifik konkurrence mellem neglefiskearterne? Hvor hurtigt vokser fiskene? Hvad
er spredningsvejene for fisk til og fra et givent stenrev? Hvordan forvaltes stenrev nationalt og in-
ternationalt?

Malet med projektet er at opbygge viden om marine stenrevs biologiske funktion for fisk og deres
betydning som gyde og opvakstomrade. Viden indsamlet 1 lobet af projektet vil implementeres til at
udvikle forvaltningsvaerktejer der dels kan anvendes ved etablering af nye samt reetablerede stenrev
og dels til at forvalte eksisterende stenrev.

Der vil udvikles modelvarktejer der kvantificerer stenrevs betydning for fisk som funktion af sten-
revets tilstand, sterrelse og dybdeplacering. Stenrev betydning som donor til det omkring liggende
omrade belyses igennem drift analyser af spredningsveje.

Denne vidensopbygning vil blive brugt til at udvikle guidelines i forhold til design, form og place-
ring ved naturgenopretning af stenrev.
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Frivillig fangstregistrering til overvagning af kystneere fiskeforekomster
Stettrup, JG., Kristensen, LD., Degel H., Andersen SK.

DTU Aqua, jgs@aqua.dtu.dk

Kystnaere fiskesamfund udger en vigtig komponent i marine kystsystemer, og mange fiskearter har
en sociogkonomisk verdi for bdde kommerciel kystfiskeri og det rekreative fiskeri. I Danmark fore-
tages ingen monitering af fiskene kystnart. Derfor blev der 1 2002 1 samarbejde med fritidsfiskerne
etableret et frivilligt fangstregistreringssystem. Her kunne man regelmassigt overvége fisk fra garn-
og rusefiskeri i de kystnaere farvande omkring Danmark. I projektets start brugte fiskerne egne red-
skaber, men da det viste sig vanskelig at sammenligne fangsterne fra de forskellige redskaber, blev
der 1 2005 introduceret standardredskaber. Der er i dag knap 100 aktive fritidsfiskere, der fisker op
til tre gange om méaneden med disse standardredskaber. Oplysninger om art og leengde indrapporte-
res enten direkte i en database eller ved at indsende oplysningerne til DTU Aqua, som derefter ind-
taster data. Temperaturen registreres af en temperaturlogger, mens der fiskes. Disse data kan anven-
des som indeks for @ndringer i arternes forekomster i de forskellige omrader, sammenligne mellem
omrader eller mellem &r og kan indgé som fiskeindeks for gkosystemets miljostatus.
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Mikroplastik i sediment fra de danske farvande - og betydningen af de biogeokemiske sedi-
mentkarakterer

Jakob Strand', Pia Lassen®,Yvonne Shashoua® & J esper H. Andersen’

! darhus Universitet, Bioscience

2 Aarhus Universitet, Miljovidenskab

? Nationalmusset, Bevaringsafdelingen
*NIVA Danmark, (tidligere AU-Bioscience

Problemer omkring affald i havet, og is@r af plastik, har fiet en storre opmarksomhed i de seneste
ar, bade i1 videnskabelige kredse og forvaltningsmeessigt bl.a. pga. implementering af EU's Havstra-
tegidirektiv - samt ogsa hos medierne. Dette skyldes bl.a. at en reekke internationale undersogelser
har dokumenteret at store meengder affald foreckommer i havet og at det geelder for bade det affald
som kommer fra lokale kilder, og det der bliver transporteret rundt med havstremme. Tydelige spor
af affald ses ikke kun som skyllet op pa kysterne, men ogsd pd havbunden. Undersogelser har ogsa
vist at dyrelivet, f.eks. havfugle, er serligt sarbare overfor plastaffald i havet.

Pé det seneste er der kommet en stor fokus pa den udbredte forekomst af mikroskopiske plast-
partikler (kaldet mikroplastik), som kan vere fragmenter af storre stykker plast eller fremstillet som
sadan til specifikke produkter. Flere undersogelser omkring forekomst og skabne af mikroplastik i
havmiljeet har ogsé veret udfert i de Nordiske lande.

Her prasenteres data for en undersogelse udfort 1 2012-2013 omkring forekomsten af mikroplastik 1
sediment, hvor der findes tydelige ssmmenhange mellem antallet af mikroplastik partikler (38um —
Imm), og biogeokemiske faktorer som indholdet af organisk carbon (TOC ) og indholdet af fine
partikler (< 63 pm) i sedimentet. Disse resultater understetter at mikroplastik vil akkumuleres 1 de-
positionsomréder, og hvor der er paralleller til skebnen af hydrofobe persistente miljofarlige stof-
fer. Ud fra disse sammenhange vil vaere muligt bedre at udpege omrader der er mere eller mindre
belastet med mikroplastik.

Yderligere kunne der ogsa etableres positive sammenhaenge mellem forekomsten af mikroplastik i
sedimentet og miljefarlige stoffer, iseer PAH — og i mindre grad til plastikadditiver som phthalater
og nonylphenol. Dette skyldes nok mest co-variationer i forhold til kildeeksponering og biogeoke-
miske faktorer som TOC.
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NANOMOLZARE FOSFAT-MALINGER PA TVZAERS AF NORDATLANTEN MED LI-
QUID WAVEGUIDE CAPILLARY CELLS (LWCC)

Louise Aastrup Zimmer ' & Greg Cutter >
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Hypotesen om at en stor del af Atlanterhavet er fosfor-begranset lider under mangel pa data pa
grund af relativt fa mélinger af reaktiv (ortho-)fosfat i det nanomolare koncentrationsomrade (nM).
Ligeledes er sampling-hyppigheden lav og satter derfor en begraensning for sammenligningen af
fosfat-omsatningen med fysiske og biogeokemiske processer. Som en del af de amerikanske
GEOTRACES togter i 2010 (Lissabon, Portugal til Charleston, South Carolina, USA) og 2011
(Woods Hole, Massachusetts, USA til Kap Verde) brugte vi liquid waveguide capillary cells
(LWCC) i forleengelse af en kontinuerlig, gas-segmenteret flow injection analyzer (FIA). Her kunne
vi lebende analysere overfladevandet for fosfat i nM. For det kontinuerlige system blev data ind-
samlet hvert 30 sekund. Diskrete prover blev indsamlet hver 4 — 6 time. Ligeledes blev dybdeprofi-
ler for diskrete prover udtaget pa 24 stationer langs transekterne og analyseret. I den Nordatlantiske,
subtropiske gyre fandt vi fosfatkoncentrationer i overfladevandet pa 2 — 5 nM, mens der i upwel-
ling-omradet nordvest for Afrika var overfladekoncentrationer pé op til 100 nM. I det kystnare om-
radde ud for den amerikanske gstkyst var fosfatkoncentrationen i mikromolar (uM). Der vil blive
redegjort for LWCC-metoden og resultaterne vil blive diskuteret i forhold til input-og transportpro-
cesser, samt den interne omsatning af fosfat.
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