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1. Summary
TheNorth Sea Ecosystem crui@dSEC)is a multipurpose survegstablished to monitor

distribution and interactions of several components that constitul@tbetrophic levels of
the pelagic food welncluding phytoplanktonzooplanktonfish eggs and fistarvae. The
cruise ismanagedy the IMR project Monitoring of climate and plankton in the North Sea
SkagerraKIMR 14920) and Early life history dynamics of North Sea Fighd& 14917).

The cruise provides horizontal and vertical distributions of glyand chemical
oceanographic paramesemdphytoplanktonzooplanktorfish eggs and larvasommunity
composition and structure the northern North Sea and Skager&ikce2020 the IMR
planktonsurveywas expanded bgdding the monitoring of an additional trophic level,
microzooplanktonThe survey area of the North Sea Ecosystem cruise@d2red the
northern North Sea and the Skagerrak§978°N, 2.2°W8.6°E). Sampling were made at pre
selected stations along thdR standard hydrographic transects. In additligher temporal
resolution sampling wasndertaken at twd8-hour process stations east of Shetland (60°N;
0.67°W) and in Skagerrak (58.13°N; 9.18°E) to investigate the vertical and diel distribution of

fish eggs and larvae and their potential predators and prey.

The 2024 NSECalso included the following additional assignmentsnaitoring of
radioactive contamination (IMR project Monitoring of radioactivity in Norwegian waters
IMR 15595, b) collectionof herringlarvaealong the west coast of Denmadksupport the
Dutch Downs Recruitment SurvéRS), c) collection of WP2 samples for metabarcoding
analysis of the zooplankton component of the plankton community as part of a postdoctoral
research projeatithin the CoastRisIMR 1550705).

Due to theongoingCorona situatioin spring 2021extraprecautios weretakenin order
to prevent the spread of coronavirus COMIBD aboard the vessahd no scientific or crew

personal was allowed to leave the vessel during the port call.
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Cruise name:

Cruise dates:

Vessel:
Master:
Area:

Ports of Call:

DFN 2021455North Sea Ecosystem Cruise
31.03.2021 26.04.2021

RV Dr Fridtjof Nansen

Tommy Steffensen

North Sea/Skagerrak (550.8°N, 2.2°W8.6°E)
Lerwick, UK 04.04.2L

Kristiansand, Norwayl5.04.20 (crew changg
Bergen, Norway26.0421 (end of cruise)

Projectsinvolved in the NSEC 202
- Climate and plankton in the North Sea and Skagerrak (IMRQ4
- Early life history dynamics of North Sea fishes (IMR912%).

- Monitoring of radioactivity in Norwegian waters (IME5599
- CoastRisk (IMR1550705).
- Dutch Downs Recruitment Survey (DRS)
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2. Introduction

TheNorth Sea Ecosystem spring cru{BESEC)has been rusince 201My the Institute of
Marine ResearcfiMR) as amulti-purpose surveyThe cruisas usuallyperformedn mid-
April T mid-May to investigate the horizontal and vertical distributionsyafrogiaphy,
chemistry, phytoplankton armbgplanktonas well as fish eggs and fish larvaas part of
severalMR projects The2021 NSEC deliveeddataand sampleto the following projects:
Climate and plankton in the North Sea and Skagerrak (IMR 14826y, life history
dynamics of North Sea fishes (IMR 14917), Monngrof radioactivity in Norwegian waters
(IMR 15599, Monitoring of environment and plankton in coastal waters (IMR 15&888)
the Dutch Downs Recruitment SurvépRS).

Theobjectivesof the North Sea Ecosystem Cru@1 were:

1) To sample preselected stationslong standard transedts physical,chemicaland
biological parametera the Northern North Sea and Skager({idkR 14920, IMR
14917)

2) To map the abundance, distribution and species composition of phytoplankton,
microzooplakton, mesmooplankton, and early life stages of fish (eggs and larvae).
(IMR 14920, IMR 14917)

3) To undertake two process studies (northwestern North Sea and Skagerrak) to
investigate the spatial, vertical and diel distribution of fish eggs and landatheir
potential predators and pr§yMR 14920, IMR 14917)

4) To monitor radioactive contamination in SkagerfdkR 15595

5) To acquire data on clupeida larvae in the water west of Denmark (DRS).

6) To acquire dry biomass samples for metabarcoding anali4is 16593)

2.1 Monitoring of plankton, biogeahemistry and hydrography in the North Sea and
Skagerrak (IMR 14920)

The aim of the IMR monitoring project Climate and plankton in the North Sea and
Skagerrakis, 1) tocollect andanalyzebiological, chemical, and physical datecharacterize
and understand the causes of variability in the North Sea and Skagerrak at the saadonal,
inter annual scalesand 2) to providemultidisciplinary data sets that can be used to establish

relationslips among the biological, chemical, and physical variabilibe monitoring activity

6
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includes one regional coverage per yehe (spring survey in April/Maypand additional
sampling alonghreestandardransects 4 (Utsir&tartPoint HanstholmAberdeenor 12 times

a year TorungenHirtshals).

The spring survey on plankton and hydrography in the North- Sdagerrakhas been
carried out by the institute of Marine Research since 20@sn 2006 to 2014, theurveywas
undertakeras a combination of two cruisesinning in parallel The Environmental cruise”
(Miljgtoktet on RV G.M. Dannevig in the Skagerrakand The North Seaplanktonsurvey
(usually on RV/ Johan Hijorth the norternNorth Sealn 201Q sampling ofish eggs andish
larvae was included in treamplingprogram, and theurveywas renaned to The North Sea
EcosystenCruise(NSEQ. Since2015, the former two spring surveys Skagerrak and the
North Seéhas beerwombinel into one single cruisepveringboth thenorthern North Sea and

the Skagerrak.

2.2 Early life history dynamics of North Sea fishegIMR 14917)

The IMR project Early life history dynamics of North Sea fishéas to determine the
distribution and abundance of fish eggs and larvae in the northeastern North Sea, and to link
studies on the early life history of fish with zooplanktdhe surveyprovides depth integrated
distribution of fish eggs and larvae thedn be related to the zooplankton and physical
oceanographic data from the standard seciiotise northern North Seén addition, studies
areundertakerto investigate the vertical and diel distribution of fish eggs and larvae and their

potential predatrs and prey.

2.3 Monitoring of radioactivity in Norwegian waters (IMR 15595

Water samples are collected by IMR once a year from Skagerrak, for analyses of radioactive
contamination (cesiuri37). This project contributes to the national monitoring progra
"Radioactivity in the Marine Environment (RAME)" which is coordinated by the Norwegian

Radiation Protection Authority.
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2.4 Dutch Downs Recruitment Survey

The Downs recruitment survey since 2018 is carried out in the North Seas on an annual base.
TheNetherlands participates covering the relevant area in the North Sea in the. The continuity
of the survey design is guaranteed by participation in the coordinating survey group (WGIPS).
The aim of the DRS is to provide a recruitment index for the wineamsimg herring

population in the Southern North Sea and English Channel. In 2021 due to thel@ovid
restrictions, the Dutch colleagues were not able to carry out the survey and asked the North

Sea Ecosystem project to help collect the necessary samples
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3. Materials and Methods
3.1 Participation

A list of the ersonnel participating in the crujsdong with dates and their primary
responsibilitiesis presenteth Table 1while all the sampling equipment on board of the ship

is presented in Table A crew change was undertaken the28" April in Bergen.

Table 1 Cruise participants

Name Role Research group | Dates Leg
. . Cruise 31.03-
Gayantonia Franze leader Plankton 434 26.04.2021 1,2
Gaston Ezequiel 31.03-
Aguirre Plankton | Plankton 434 15.04.2021 1
Mona Ring Kleiven 31.03-
Plankton | Plankton 434 15.04.2021 1
Ann-Kristin Olsen Fish 31.03-
larvae Plankton 434 15.04.2021 1
Linda Fonned.unde 31.03-
Plankton | Plankton 434 15.04.2021 1
Elizaveta Ershova 31.03-
PostDoc Plankton | Plankton 434 15.04.2021 1
Bahar Mozfar 15.04i
Plankton | Plankton 434 26.04.2021 2
Astrid Fuglseth Fish 15.04i
Rasmussen larvae Plankton 434 26.04.2021 2
Eli Gustad Instrument Plankton 434 15.041 5
26.04.2021
Hilde Arnesen Instrument Plankton 434 15.041 5
26.04.2021
Hege Rognaldsen Instrument Elektr.instrument. 31.03- 1,2
620 26.04.2021
Jan Frode Wilhelmsen Instrument Elektr.instrument. 31.03- 1,2
620 26.04.2021
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Table 2.Sampling equipment

Instrument/Gear Data/samples
SeaBird Electronics SBE9QXITD Temp, Salinity, Conductivity, Oxygen, light
profiler
Water bottle rosette (on CTD) Nutrients (NO3, Si, PO4, TotN,TotP)
Chlorophyll a

Phytoplankton (cell counts)
Microzooplankton (cell counts/species id)

Phytoplankton net (10um) Phytoplankton
WP2 (0.25 m, 180um) ring net Zooplankton biomass
Zooplankton fixed samplggnumeration/species
WP3 (1 nf, 1000 pum) ring net Gelatinous zooplankton
Gulf VII (280 pm) Fish larvae and eggs
PUP 80um) attached on Gulf Prey items for fish larvae
MultiNet MAMMOTH (180um) Mesozooplankton (depth stratified samples)
MultiNet MAMMOTH (405 pum) Fish larvae (depth stratified samples)

MIK without MikeyM

Continuous measurements

Echosounder

ADCP Water current velocities
Termosalinograph Temp, Salinity, Fluorescence (surface)
Light sensor on deck PAR (Photosynthetically active radiation)

3.2 Narrative

The cruise program was undertaken according to TalN&ps of the cruise track and

stations are present@dFigure B, b. Sampling was undertakem a 24h basis.

Leg 1(315tMarch 7 26" April): The vessel left Bergen at 10:00 UTC on Marcft 2021in
calm and sunny weather. The ship bunkered till 16:30. Before the start of the survey, we
performed calibration for the flowmeter of both the GULF VII and the MultiNet Mammoth.
The Gulf Calibration was performed between 16:40 and 17:10 while betwedhalifi 20:30
we calibrated the flowmeter of the MULTINET. The calibration of the Multinet did not give
satisfactory results as the flowmeter did not work properly. A second deployment was

necessary before the arrival at the first multinet station.

10
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The survey started with the sampling of Fexje-Shetlandtransect (60.45N 4.37E) at
22:30 of the 31.03.2021. The sampling continued witlStetland Process Study Station.
The sampling of this station Iagbr 48h in order to capture the dial migratiminplankton
and its variability. Samples are collected 4 times a day at dawn, malasyand midnight
for two consecutive days using CTD, MultiNet MAMMOTH equipped with two sets of net
(180em, 405em) and al gae net2¥%fAgrileat1B:00rinst mul t
order to capture the midday plankton dynamics. During the last sampling of the process
station (st. 96), the weather conditions stared to deteriorate thus, at 15:00 UTC'bbthe 4
April, after the end of the sampling we headedaals the port of Lerwick where we were
forced to take shelter till thé"®f April when the weather conditions start to improve. At 9:20
of the 7" of April we resumed the sampling with tBéotteray mot W transect. However, a
new storm system hit the Kb Sea the night of thé"&nd forced the DFN to seek shelter in
the fjord till midday of the 9. The sampling resumed with thisira transect on the™at
14:00. The weather conditions were still rough and forced the cancellation of the algae nets
ard WP3 sampling. However, the deployment of the CTD, WPII and GULF VIl was
managed. On station 129 (Utsira fix station #8) the crew noticed that the CTD cable was
compromised and needed to be fixed in order to safely deploy the instrument. The operation
took about 3 hours and 20m of the CTD cable were cut off. Standard sampling of the Utsira
transect was resumed at 20:00 of thead continued till the Fflafternoon. Due to the unfair
weather condition and technical issues, the time schedule had to iednad the sampling
of the transect on the western part of the North Sea postponed. The Utsira transect was thus,
followed by the sampling of th#&serens ReyEgergya mot SWandLista mot SW transects
before heading to Kristiansand port for the crew gleasn the 18 of April. The Lindesnes

transect had to be cancelled due to time constrains.

Leg 2 (18" April -26" April) The Dr Fridtjof Nansen left Kristiansand at 18:00 UTC. The

first part of the second leg of the survey was characterized by calmseather that

allowed a smooth sampling of the Skagerrak Sea. In the following order the sampling of the
Oksgy-Hanstholm, Torungen-Hirtshals, Jomfuland Skagen Jomfuland Koster, Vaderg,
Maseskjeer and GgteborgFredrikshavn was performed between the&nd the 18 of

April. On the 19' we reached thBeep Skagerrak Process Study Stati@8.8N, 9.11F)

where we planned to conduct our second process study following the sampling method
described earlier. After a successful first day of sampling, dueattgaing weather conditions

we had to leave our position in the Skagerrak and move on to sample the transects in the

11
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water west of Denmark. The three transects in this &tad0er, Huseby Klit and Knude

dyb) are all characterize by very shallow waters,alihnakes it challenging to sample in

rough seas. However, we managed to perform the sampling programmed as well as the MIK
sampling requested for the DRS. On the morning of th&t@& sampling of thelanstholm-
Aberdeentransec{57.00N, 8.11FEL.00W) bega. The first 5 stations of Hanstholm
Aberdeertransect are characterized by a max depth of 55m. The deployment of some
instrument in such shallow water is quite challenging thus, the Algaehav, the WPIII and one
multinet were cancelled on this first sectiéter this first rough patch the sampling of the
transect went smooth. While sampling the transect okaise Coast of Scotland we

received new ofa medical emergency suffered by a close relative of one of the crew
members thus, the sampling plan of 8mtland East Coast transect was reduced allowing us
to perform the last transect, tRair Isle T Pentland before heading to Bergéwo days

ahead of schedule. Despite the somehow unfair sea conditions and some other challenges, the
cruise was successfahd most of the planned sampling was performed.

12
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Table3. Time schedule of the North Sea Ecosystem Cruise 2020205

Start Stop

Date | Time Date | Time Activity
UTC uTC

Leg 1l
31.03 | 12:.00 Departure Bergen
31.03| 12:30 31.03 | 16:30 bunkering
31.03 | 16:40 31.03.| 20:30 Calibration of Gulf and Multinett flow meters
31.03 | 22:30 02.04.| 02:45 TransetbhétFleamdo
02.04.| 13:00 04.04.| 15:00 Process Station fiShet|
04.04.| 17:30 07.04.| 08:00 Port call Lerwick
07.04.| 09:20 09.04.| 02:00 Transect ASlIlotter By mo
09.04.| 14:10 11.04.| 12:00 Transec$t @&t Boirat o
11.04.| 22:00 13.04.| 15:00 Transect AJPrens Rev m
13.04 | 18:00 14.04 | 10:00 Transect AEger Bya mot
14.04 | 14:00 15.04 | 02:00 Transect ALista mot SW
15.04 | 08:00 Port call Kristiansand
Leg 2
15.00 | 18:00 Departure Kristiansand
15.04 | 18:30 16.04 | 06:00 TransecHan®k By mo
16.04 | 10:20 17.04 | 01:30 Transect-TOHungsehal s
17.04 | 05:12 18.04 | 08:34 TransecfiJomfrulandSkage
17.04 | 09:30 17.04 | 17:00 TransectdomKostl ando
17.04 | 19:00 18.04 | 03:00 Transect AV2der©°o
18.04 | 06:14 18.05 | 14:00 Transect AM-seskjbro
18.04 | 18:00 18.04 | 19:30 Transect fGRteaborkgdavn
19.04 | 05:00 20.04 | 02:00 Process Station Skaggerek
20.04 | 14:00 20.04 | 20:00 Transect Harboer
20.04 | 22:00 21.04 | 03:00 Transect Huseby Kiit
21.04 | 07:30 21.04 | 14:30 Transect Knude dyb
22.04 | 09:12 24.04 | 08:30 Transect AberdeeRlanstholm
24.04 | 10:00 24.04 | 23:30 Transect Scotland East Coast
25.04 | 00:30 25.04 | 17:30 TransectiPflemailranldsol e
26.04 | 10:00 Arrival Bergen

13
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Figure 1a RV Dr Fridtjof Nansen 31.026.04.2021. Cruise track with stations for CTD casts

and plankton sampling. Process stations are indicated with red circles
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Cruise no 2021455 "Dr. Fridtjof Nansen" (Chart II)
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Figure 1b. RV DrFridtjof Nansen 31.026.04.2021. Cruise track with stations for WP2,
Multinet, Gulf VII, and MIK. Process stations are indicated with red circles.
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3.3 Hydrography

Seawater temperature and salinity were measured at all stations with a SeaBird Electronics
SBE911CTD profiler fitted with a water bottle rosette.

3.4 Biogeochemistry

Water samples for nutrient analysis (nitrate, nitrite, phosphate, silicate) were sampled from
all CTD stations at all depths. From each depth 20 mL aliquots of sample water were collected
in clean polyethylene bottles and added 0.2 mL chloroform, befonrestge at +4 C un
analysis at thé&lankton Chemistry Laboratorgt the Institute of Marine Research (IMR) in
Bergen. Chlorophyll pigment samples (268 mL) were taken from eight depths between the
surface and 100 m and collected on GF/F fijass filters. The filters were stored & 0 C to
be analyzed for Chlorophyd and Phaeopigments (Gh) Phaeo) at th@lankton Chemistry
Laboratoryin Bergen.

Samples for Total Nitrogen and Phosphorous{Y@ind TotP) were collected at selected
stationgn the Skagerrak and along the Danish west cdadil¢ 4. Samples were obtained
from CTD water bottles at 5, 10, 20, 30 and 100 m (or deepest possible if bottom depth < 100
m). Collection and handling of samples were carried out in accordance witlarlkdbook for
Plankton Collections and Analyqidassel et al., 2019). Analyses of Tot NP was performed

by thePlankton Chemistry LaboratoyMR) in Flgdevigen

Oxygen was sampled along the Torundiirishals transect at six peelected stations
(229-234) while CDOM was sampled at two coastal stations in Skagerrak, Langesund and
Oslofjord 1, for the coastal monitoring program (IMR 15593).

16
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Table 4.Transect, number of stations and number of samples collected for the specific
chemistry analysis

Transect Station Nr | Nutrients | Chlorophyll a TOT NP
FedjeShetland 66-88 225 181 -
Prosess stasjon 48 t, H 89-96 10 50 -
Slottergy mot W 97-122 240 206 -
Utsira mot W 123153 272 245 -
Jeerens rev mot SW og
wW 154177 201 183 -
Egergya mot SW 178185 66 60 -
Lista mot SW 186191 58 47 -
Oksg Hanstholm 192-198 54 45 30
Torungen Hirtshals 199212 98 83 56
Jomfuland Koster 213218 51 45 30
Vaderg 219224 55 45 29
Maseskjeer 225232 67 64 40
GgteborgFredrikshavn| 233237 23 28 23
P4 Skagerrak
dggnstasjon 238241 12 32 0
Harbogr 242247 23 29 23
Huseby Klit 248253 18 24 18
Knude dyp 254261 23 31 23
Hanstholm Aberdeen | 262-288 147 172 21
Scotland East Coast | 289294 45 47 -
Fair Isle- Pentland 295307 85 96 -
3.5 Phytoplankton

Samples for phytoplankton species composition and abundance were obtained from
preselectedtations along the transe¢Egure 1. Samples for algal cell coun{s00 ml)
werecollectedfrom 10 m depth water bottle of tl&TD samplerand ixedin NeutralLugol.
Qualitative phytoplankton samplassome of the stationgere obtained from vertical net
towswith the Algaenet( 1 0 & mO.Inméapening 30-0 m) andfixed with 2ml of 20%
formalin. Samples were stored in the dark and cool room till return to the laboratory. Post
analysis of phytoplankton samples were conducted udigcamicroscope at the

FlgdevigerPlanktonLaboratory.

17
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3.6 Micr oplankton

Microzooplankton were collected 28 selected stations along the standard North Sea
transects. Samples were collected in parallel with phytoplankton and zooplankton samples to
acquire a better understanding of whole North Sea plankton community structure. Additional
52 samples were collectéal ahighly temporal and spatial coverage at the two process study
stations: thédeep Skagerraéind the Shetland station. Water samples from microzooplankton
enumeration and identification (10800ml) were collected from the 10m CTD sampler
bottle, fixed in 2%(fin. Conc.)Acidic Lugol and stored in a dark refrigerated roonQ}

Post cruise analyses were performed aFtldevigen Plankton Laborator$elected
sampledvereanalyzed using a Flowcaxs-1 quipped with adx magnification and00 pm

flowcell.

3.7 Mesodoplankton

Mesodoplanktorwerecollected byvertical tows with WP2 plankton nets (0.25
openi ng; 1 8 Ofroratime bot®rs to thes surfaee) and from DM, bottom depth
permitting.Additional stratified samplingf zooplankton was carried out Multinet
MAMMOTH (Hydrobios, 180um soft codendg. Oblique tows were made frormb above

bottomwhile releasing netatstandard depths (Tabig.

Table 5. MultiNet standard depth of the IMR zooplankton monitoring in the North Sea
Skagerrak

Depth strata MultNet
number

o

0-bottom
bottom400
400-300
300-200
200150
150100
100-50
50-25

250

0 N oo oA WDN P

18
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Large medusae and ctenophores were removed from whole samples, and the displacement
volume of each species was recorded. The remaining zooplankton sample was split rtstwo pa
by a Motoda plankton splitter: one part was fixed in 4% borax buffered formaldehyde for
species identification and enumeration. The other half was used for estimation of biomass (dry
weight): samples were fractionated into three fractions -(I8Dum, 10062000pum and
>2000um) and placed on preeighted aluminum trays, dried at 60°C for 24 hours and kept in
a freezer unt il return to Bergen. From the
amphipods, fish and fish larvae wereunted,and their lendts measured separately before
drying. In addition, ChaetognatHRareuchaetasp. andCalanus hyperboreusom the >2000

em size fraction were counted and dried sepa

Samples were not split on the transect Hansthdlrerdeendue to shallow depths and small
sampling volumes. Instead, two WHRR&vs were taken: 1/1 sample was fixed in 4%
formaldehyde, and 1/1 sample was fractionated and dried for later biomass measufdments.
dry weights were determined at the IMR plankton tabary in Bergen after the cruideetails

on the sampling procedures are found in the IMR Plankton Manual (Hassel et al., 2019).

3.8 Fish eggs and larvae

Sampling for fish eggs and larvae was undertaken at selected stations along each of the
standard North Sea transedig(relb) using a Gulf VII highspeed sampler (Nashal.1998)
(76 cm frame). The sampler was fitted with a 40 cm diameter nose cone, a General Oceanics
flow meter was fitted slightly off ceatin the nose cone (for quatiis of water filtered) and a
280 pm mesh net. The sampler was towed at 5 knots in a double oblique haul to 100m depth or
to within 10m of the bottom. All fish eggs and larvae were sorted from the samples at sea, sub
sampling being undertaken where necgssnd preserved in 4% seawater and Borax buffered

formalin.

In addition a PUP sampler (m diameter nosecone with a General Oceanics flowrteeter
determine thevater volume sampled an@@um mesh net) was fitted to the Gulf VII to provide
samples oprey items for fish larvae. These samples were also preserved in 4% seawater and

Borax buffered formalin.
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3.9 Process statios

The process stigswere performed at two stations: theep Skagerrak Process Study
Station (58.8N, 9.11E), and the Shetland Process Station (60°N; 0.@Tf\§hetland
Statiors wassampled over 48-hourperiod following a schedule of 4 sampling a day:
sunrise, mieday, sunseandmid-night The Deep Skageak Station during this campaign
was sampled ovamly 24 hours due to inclement weathBetails ofparameters sampled and
the timeline for both process stations are shown in TatBeiefly, due to the wide size range
thatcharacterizgplankton, and tte able to collect several components of the food web, we
combined water samples from CT#&lgae net (10um mesh) aMultinet MAMMOTH
(Hydro-Bios) equipped with two sets of mesh sizes: d80and 405mm. Water samples from
the CTD sampler were used fautrientanalysis Chla, phytoplankton and microzooplankton
characterizationA small size mesh net tow served for a better spguéeific characterization
of rare plankton specieshe samples collected/Multinet MAMM OTH were intenddfor
biomass and identification afiesozooplankton (180um mesh) and fish egg and larvae
(408um mesh). All the samples were collecta@servedand analyzed as described in
section 3.5 to 3.8The target depths for the MiNtiet MAMM OTH and water samples are
given in Tables together with thephysicatchemical parameters collectédutrients were
collectedonce a dayrom the first CTD castvhile acousticsignak werecontinuously

recordedduring the 48 hours.

Table 6.MultiNet depthand mesh sizesed during the sampling of the process stations in
the North Seand Skagerrak

Deep Skaggerrak | Shetland Process

Net Nr Mesh Process Station Station

1 180um bottom250m 75m-bottom

2 180pm 250-100m 40-75m

3 180pm 100-50m 20-40m

4 180pm 50-0m 0-20m

5 use to relocate at depth

6 405um bottom250m 75m-bottom

7 405um 250-100m 40-75m

8 405um 100-50m 20-40m

9 405um 50-0m 0-20m
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Table 7. Timeline and parameters collected at the two process study stations

Continousrecording

AlgaeNet |  Microzoo/ Multinet- | Multinet-
Date Time Depth . . Nuts | Chl-a Mammuth | Mammuth
Acustic| Oxigen | PAR 0-30m | Phytoplankton 1808m 405 Gm
2-34.21 20:50 10] X X X X X X 0-20 0-20
20] X X X
30 X X X 20-40 20-40
w 50 X X X 40-75 40-75
g 100} X X X 75-bottom | 75-bottom
o .
> 34421 02:00 10] X X X X X 0-20 0-20
o 20] X X
3 30 X X 20-40 20-40
= 50 X X 40-75 40-75
'% 100} X X 75-bottom | 75-bottom
n | 34421 07:30 100 x X X X X 0-20 0-20
8 20 X X
S 30) X X 20-40 20-40
% 50 X X 40-75 40-75
g 100] X X 75-bottom |75-bottom
T | 34421 14:00 100 x X X X X
5 20 . X 0-20 0-20
30) X X 20-40 20-40
50 X X 40-75 40-75
100 X X 75-bottom  [75-bottom
19.04.21 05:00 10| X X X X X X
X 50-0 50-0
30) X X X
50 X X X 50-100 50-100
100 X X X
200] X X
m ™ ™ x 100-250 100-250
g 600 X X X 250-bottom |250-bottom
(o)) .
- 19.04.21 12:00 10] X X X X X X 500 50:0
& 30] X X
8 0 X X 50-100  [50-100
s 100 X X
]
= 200] X
100-250 100-250
g 400] X
{ﬁ 600 X X 250-bottom |250-bottom
Q .
S |19.04.21 22:00 10] X X X X X
& 0 . X " 50-0 50-0
s 50 X X
= -1 -1
g 100 x x 50-100 50-100
2 200} X
100-2 100-2
* 200 x 00-250 00-250
§- 600 X X 250-bottom |250-bottom
0 120.04.21 00:00 10] X X X X X X 500 50:0
30] X X
50 X X
00 X X 50-100 50-100
200 X
200 X 100-250 100-250
600] X X 250-bottom |250-bottom
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3.10 Radioactivity

Water samples are collected yearly from 10 preselected stations in the Skagerrak (Table 8,

Figure 2) for analyses of the radionuclide cesil®@ (Cs137) (project number 15595). In

2021, samples were collected from 9 of these stationsétedl in Table 8). At each station,

50 | iters of seawater are col

ected

from t he

plastic cans. The samples are later analyzed fet3Zsat the Laboratory for inorganic
chemistry at IMR, Bergen, accordgin t o t he i nt eBestenimelseev@3dd 460
sjBvanno ( MET Thig S &modifled version of the analytical procedure described

by Roos et al. (1994)

‘Jonﬂrulano - Skagen (11 n.m.)
.Jom'vuland - Skagen (25 n.m.)

.Ton‘ngen - Hirtshals (10 n.m.)
.Torungcn - Hirtshals (20 n.m.)

.Ma_'.c—,kzr (9)
.Okuo -« Hanstholm (10 n.m.)

.Okuo - Hanstholm (56 n.m.)

Maseskaar (5)

Frednk:havn.A Geteborg (1)

-
Fredrikshavn - Goteborg (4

SN

SN

Figure 2. Stations where seawater has been collected yearly since 2008 for analysd3@f Cs

Monitoring of radioactive contamination in the Skagerrak is part of the national monitoring

programRadioactivity in theMarineEnvironment (RAME), which is coordinated bye

Norwegian Radiation and Nuclear Safety Authority (DSA) (e.g. Skjerdal et al., 2017; Skjerdal

et al., 2020).
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Table 8. Station list where samples for monitoring of cesil®i were collected in April
2021.

Lat Long

St. no. LatD LatM Dec LongD LongM Dec Collecte
1 Fredrikshavn - GRteborg (1) 57 33 5755 E 1 32 1153 N -
4 Fredrikshavn - GRteborg (4) 57 30 5751 E 11 9 1114 N x(CTD:
5 M-seskpr (5) 58 2 5803 E 10 57 1094 N x(CTD:
9 M-seskbr (9) 57 57 579 E 10 26 1043 N x(CTD:
3 Jomfruland - Skagen (11 n.m.) 58 41 58.68 E 9 45 975 N x(CTD:
5 Jomfruland - Skagen (25 n.m.) 58 29 5848 E 9 55 992 N x(CTD:
4 Torungen - Hirtshals (10 n.m.) 58 16 5827 E 8 59 898 N x(CTD:
6 Torungen - Hirtshals (20 n.m.) 58 8 5813 E 9 11 9.18 N x(CTD:
3 Oksf3 - Hanstholm (10 n.m.) 57 55 5792 E 8 10 817 N x(CTD:
12 OksB3 - Hanstholm (56 n.m.) 57 11 5718 E 8 34 857 N x(CTD:

3.11 Dutch Downs Recruitment Survey

In 2021 the Downs Recruitment Survey (DRS) was carried out following the- NBKS

protocol as much as possible, but the sampling was carried out both day and night, instead of
only at night. Both Netherlands and Norway paptted in the survey. Norway sampled 11
station between April 20 and 2along three transects, Harborg, Huseby Klit, and Knude Dyb
on the west coast of DanmaMIk-Samplespre-screened on board to sort out the clupeid
werepreserve in 4% formaldehyd®nceon land to prevent issues with custom, the

scintillation tubes were drain of the formaldehyde and stuffed with wadding to prevent the
larvae from dryingout. Samples weréhenshipped to the Wageningen Marine Researnch

Netherlands fordentificaion and measurements.
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Figure3Sampl ed stations by country during the
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Table8. Summary ofampling (humber dftation9 ontransects angbrocessstations

Station Nr |Transect Nutrients | Chlorophyll| TOT N DaRc?i(\j/:g lzngl NZT};tg-%lm Microzoopl. bot:/(;/rZ-ZOm WP02m200- WP3| Gulf Ml\glrj:mgzh MIK
66-88 Fedje-Shetland 225 181 0 0 2 6 4 7 3 3 7 1 0
89-96 Prosess stasjon 48 t, P1 10 50 0 0 0 7 32 0 0 0 0 8 0
97-122 Slottergy mot W 240 206 0 0 5 2 3 8 3 0 12 0 0
123-153 Utsira mot W 272 245 0 0 4 4 5 15 6 0 13 0 0
154-177 Jeerens rev mot SW og W 201 183 0 0 4 2 4 13 3 3 10 1 0
178-185 Egergya mot SW 66 60 0 0 0 1 1 5 1 3 5 1 0
186-191 Lista mot SW 58 47 0 0 2 3 1 4 2 3 4 1 0
192-198 Oksg Hanstholm 54 45 30 2 3 2 1 3 1 0 3 1 0
199-212 Torungen Hirtshals 98 83 56 4 10 3 1 5 2 0 5 1 0
213-218 Jomfuland Koster 51 45 30 0 4 3 0 3 0 0 2 0 0
219-224 Vaderg 55 45 29 0 3 2 0 2 0 0 2 1 0
225-232 Méaseskjaer 67 64 40 2 4 1 0 2 0 0 1 0 0
233-237 Gateborg-Fredrikshavn 23 28 23 1 2 1 0 2 0 0 1 0 0
238-241 P4 Skagerrak dggnstasjon 12 32 0 0 0 4 20 0 0 0 0 4 0
242-247 Harboar 23 29 23 0 3 2 0 4 0 0 0 0 4
248-253 Huseby klit 18 24 18 0 3 2 0 4 0 0 0 0 3
254-261 Knude dyp 23 31 23 0 3 2 0 4 0 0 0 0 3
262-288 Hanstholm Aberdeen 147 172 21 0 8 5 3 19 0 0 13 2 0
289-294 Scotland East Coast 45 47 0 0 0 5 0 5 0 0 5 0 0
295-307 Fair Isle - Pentland 85 96 0 0 6 6 0 6 0 0 6 0 0
Sum 1773 1713 293 9 66 63 75 111 21 12 89 21 10
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4. Results and Discussion
4.1 Hydrography

The hydrographic coverage of the survey area provides information on the main

characteristics of the water masses in the northern North Sea and in the Skagerrak. The lowest
surface salinities are typically found in the Skagerrak due to the Baltic outflow-saline

waters through the Kattegat and the supplement of fresh water from local rivers along the
Skagerrak coast. The resulting l®aline surface waters then follow the Norwegian coast
westward out of the Skagerrak and northward along the codkg Alerwegian Coastal

Current (NCC). The shelf area in the northern North Sea is typically dominated by inflow of
Atlantic water from the north (from the Tampen area) and from the west between the Orkneys

and Scotland as the Fair Isle Current.

Based on théydrographic measurements from the Ecosystem Cruise from March 31 to April
26, 2021, the NCC can be identified in the resulting surface salinity map in the areas with the
minimum values (Figurd, left panel, blue and yellowolorg. Although we see norrha

salinity values along the Norwegian coast in the Skagerrak, thesher salinities along the
Norwegian west coast are relatively high. The weather during and prior to the cruise was
dominated by low pressure systems from the west with winds intragbegswvy mixing of the
water masses in the northern North Sea both laterally and vertically, attenuating-the low
salinity pattern of the NCC in this area. Also, the temperatures along the Norwegian west
coast are quite similar to what is found in the nartiiéorth Sea shelf area (Figuteright

panel).
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Figure 4 Salinity (left panel) andemperaturgright panel) distribution during the North Sea
ecosystem cruise 2021.

The surface temperatures (10m depth) varied betwee® 6 inthe Skagerrak to 6-8 °C

along the Norwegian west coast and the northern North Sea. We can identify relatively warm
and saline water with North Atlantic origin flowing southward east of the Orkneys. We see
typical spring conditions were the local watersuiting in the NCC are slightly colder than

the Atlantic waters dominating the northern North Sea.

In relation to the longerm average, both the surface salinities and temperatures were slightly
above normal.

4.2 Satellite image

Figure5 shows the evolution athlorophyll a concentration in the studied area during the
periodMarch 30to April 26. The images are mean values d+glay period The satellites
images shovlower concentration of Chlorophyll a during thest half of the survey (Figurg
ab) compared to theecondalf (Figure5 c-d). Chlorophyll start accumulate along the
Norwegian coasfFigure5c) however, during the la8tdayshigher concentratia(red color)

were detectedll overthe Norths Se&helf area
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