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SUMMARY

During the cruise, which is part of the Swedish pelagic monitoring program, the Skagerrak,
Kattegat, the Sound, and the Baltic Proper were visited. In addition to SMHI's regular
sampling, during the cruise, a monitoring buoy was deployed at Huvudskar, and Uppsala
University's measuring instruments were serviced at Ostergarnsholm, east of Gotland.

The nutrient concentration in the surface waters of the Skagerrak and Kattegat had
generally started to decrease due to ongoing spring bloom. High winter levels were still
found in the Baltic Proper. The beginning of the spring bloom could only be noted in the
southern parts of the Baltic Proper. In the deep water of the Baltic Proper, nutrient and
hydrogen sulphide levels remained very high. In the deep basins around Gotland, there
was no oxygen from 70-80 m. In the Eastern Gotland Basin, hydrogen sulphide levels
increased rapidly to record levels below 125 m, and in the Western Gotland Basin, levels
of hydrogen sulphide and nutrients were much higher than normal.

The next regular expedition with Svea is planned for April 12-18, starting in Lysekil and
ending in Gothenburg.



RESULTS

The cruise was carried out aboard R/V Svea, starting in Kalmar on March 9 and ending in
Lysekil on March 15. The cruise began with light winds, but winds increased to gale force in
the south-eastern Baltic Sea. In the Bornholm Basin, the winds decreased before increasing
to storm in the gusts when Svea was in the Sound and southern Kattegat. The cruise ended
with light to moderate winds in Skagerrak. The air temperature varied between 2 and 8
degrees.

SMHI's ocean monitoring buoy at Huvudskar was deployed during the cruise, and sensor
replacement, service, and maintenance were carried out on Uppsala University's anchored
CO2 measurement system at Ostergarnsholm, east of Gotland. In the southern Kattegat, a
bottom rig (P22) was to be replaced for the Skane County Administrative Board, but strong
winds and darkness caused the pickup and deployment to be cancelled.

Three researchers from SMHI and ScilLifeLab/KTH joined the cruise for sampling with
Svea’s IFCB (Imaging FlowCytobot, which is a type of instrument used to automatically
capture images of microscopic particles) and for taking filtered phytoplankton samples within
the AMIME-project.

Svea's instruments for continuous measurements of surface water and currents, Ferrybox
and ADCP (Acoustic Doppler Current Profiler), were in operation throughout the expedition
(see figures 8 and 9). Svea's profiling instrument, MVP (Moving Vessel Profiler), was
operated during the daytime from Kalmar to the southwest Baltic Sea, where the MVP was
unfortunately lost due to cable breakage.

During the cruise, a cable broke on the oxygen analysis instrument, and at many stations,
oxygen analysis in water samples at depths between 5 and 30 m was cancelled. Therefore,
oxygen concentration measurements from these depths are only available from the CTD
oxygen sensor. At these depths, where there is no oxygen deficiency, analyses from water
samples and oxygen sensor measurements also match well.

Extra phytoplankton samples from surface water were taken at the Slaggd and Anholt E
stations for a project carried out at Uppsala and Stockholm universities.

The report is based on data that has undergone initial quality control and has been compared
to monthly averages for the period 1991-2020. When further quality review is conducted,
some values may change. Values reported in the report have been rounded to the nearest
tenth and may differ from published values. Data is published as soon as possible on the
data host's website, usually within about a week after the expedition ends. Some analyses
are performed after the expedition and are therefore published later.

Data can be downloaded here:https://sharkweb.smhi.se/hamta-data/




The Skagerrak

The temperature in the surface water (0-10 m) of Skagerrak had decreased by an additional
1-2 degrees in the open sea since February and now varied between 3-5°C, which is normal
for the season. The salinity in the surface water of the open sea varied between 28-31 psu,
which is normal, except at P2 where it is higher than normal at 33 psu.

The temperature and salinity stratification coincided and were found slightly deeper in the
southern and central parts around 20-25 meters deep, while somewhat shallower closer to
the Swedish coast, 10-15 meters deep.

Nutrient levels in the surface water had started to decrease due to the spring bloom and
levels were normal for the season, except for phosphate, which showed slightly higher levels
than normal in the southern and central parts of Skagerrak. Nutrient levels in the deep water
were normal for the season. Chlorophyll fluorescence, which is a measure of phytoplankton
activity, showed ongoing plankton activity throughout the surface water down to the
stratification.

No oxygen deficiency was noted in Skagerrak. However, at the outer stations in Skagerrak,
oxygen levels were lower than normal, 5.7-6.0 ml/l. At the coastal station Slaggo, where
oxygen deficiency is sometimes observed in the bottom water, the oxygen situation was
good with a concentration just below 6 ml/l, which is normal for the season.

The Kattegat and the Sound

The temperature in the surface water (0-10 m) in the Kattegat and the Sound was normal
for the season. Compared to the measurements in February, the temperature was
unchanged or had decreased slightly, ranging between 3-4°C. The salinity of the surface
water was higher than normal in the northern and central parts of the Kattegat, 26-27 psu,
while normal values were noted in the Sound, 10-21 psu. In the Kattegat, there was a
temperature and salinity gradient at 10-20 m depth.

In the open sea areas of the Kattegat, phytoplankton activity had been ongoing for some
time, which was reflected in the measurements of chlorophyll fluorescence, and also in the
concentration of nutrients, which had generally decreased further since February. The
concentration of inorganic nitrogen, phosphorus, and silica was normal in the well-mixed
surface layer. The silica concentration, which was lower than normal in February, had now
increased somewhat and was now showing normal values. In the deep water, nutrient
concentrations were normal or slightly below normal, especially the concentration of
inorganic nitrogen was much lower than normal.

The oxygen situation in the deep water of the Kattegat was good. No oxygen deficiency (<4
ml/l) was measured.



The Baltic Proper

The temperature of the surface water had decreased slightly since the measurements taken
in February and varied between 2-4 °C. The temperature was normal for the season. It was
warmest in the southern basins and colder further north. The salinity of the surface water
varied between 7-9 psu, which was higher than normal at many stations.

The surface water was well-mixed down to a depth of 50-70 m where the halocline began.
At shallower stations in the Arkona Basin, the halocline was around 40 m. In the deep water,
the temperature was above normal while the salinity was normal or slightly above normal.
Just like in February, nutrient and hydrogen sulphide levels increased sharply around 125
m and were above normal at greater depths in the Eastern Gotland Basin. In the Northern
Baltic Proper and Western Gotland Basin, the hydrogen sulphide concentration remained
lower than in the Eastern Gotland Basin but still higher than normal. Nutrient levels also
increased to above normal at the sharp transition between oxygenated and anoxic water.
Hydrogen sulphide was measured at all stations except in the Bornholm Basin, Hané Bight,
and Arkona Basin. At BCSIII-10 in the south-eastern Baltic Sea, the oxygen situation had
deteriorated in the deep water where it was oxygenated in February, and now completely
anoxic conditions with hydrogen sulphide were observed from a depth of 80 m. In the
Eastern and Western Gotland Basins, it was anoxic from 70-80 m, while in the Northern
Baltic Proper, it became anoxic at around 80 m. In the Arkona Basin, the bottom water was
well-oxygenated with concentrations above 6-7 ml/l. In the Hand Bight and the Bornholm
Basin, there was acute oxygen deficiency (<2 ml/l) from depths exceeding 60-80 m, and
concentrations in the bottom water were around 2 ml/l. Compared to the oxygen
measurements in February, when an inflow clearly had a positive impact on the oxygen
situation, the oxygen situation was now deteriorating again. The deterioration of the oxygen
situation observed at BCSIII-10 may possibly be linked to this inflow, as anoxic water from
the Bornholm Basin is pushed forward into the central parts of the Baltic Sea before the
inflow reaches the area.

Compared to the measurements in February, the concentration of nutrients in the surface
water had generally increased, and had likely reached the maximum winter pool before the
spring bloom consumes dissolved nutrients in the surface water. At the stations in the
Arkona and Bornholm Basins, the concentration of dissolved inorganic nitrogen had
decreased slightly, while the concentration of phosphate had increased slightly at the same
stations, probably due to the beginning of the spring bloom in the area. This was also weakly
reflected in increased chlorophyll fluorescence in the surface layer from the CTD in the same
area.

In other parts of the Baltic Sea, the spring bloom had not yet started, which was evident from
the high water clarity. Water clarity was measured to be up to 16 meters at the southern tip
of Oland and 10-12 meters in other parts. Chlorophyll fluorescence in the surface layer
measured from the CTD was also low in the central deep basins.
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Figure 1. Section showing temperature, salinity and oxygen concentration from the
Skagerrak, through the Sound and further up through the Baltic Sea proper according to
the map (bottom). The figure is created in Ocean Data View with DIVA-interpolation.



SMHI marine monitoring March 2023

DIN in the surface water (0-10 m)
soon| ool 2 Py
g ;.' F V R
7 e [5) - F|
58°N “}z
'.‘l _'Jr \\:’ @ -I-_}.‘- v
3 4 .
57°N /10 0. W B
-1 O . v
56°N| <@ o v (umol]
o # R0 Y @ @
: » T @ o L s
55°N| R e © @ . .
7 g . £ ;“s 4 ! = 2!
54°N|  Mearis based on March data in each basin )
1991-2020. *standard deviation.
9°E 11°E 13°E 15°E 17°E 19°E 21°E

V¥V < mean -1std* @ mean x1std*

/A > mean +1std*

Figure 2. The concentration of dissolved inorganic nitrogen (DIN) in the surface water (0—
10m). The mean value is based on February data within each basin from 1991-2020.
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Figure 3. The concentration of phosphate in the surface water (0— 0 m). The mean value is
based on January data within each basin from 1991-2020.
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Figure 4. The concentration of silicate in the surface water (0—10 m). The mean value is
based on February data within each basin from 1991-2020.
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Figure 5. Temperature in the surface water (0—10 m). The mean value is based on
February data within each basin from 1991-2020.
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Figure 6. Salinity in the surface water (0—10 m). The mean value is based on February
data within each basin from 1991-2020.
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Figure 7. The concentration of oxygen (in ml/l) in the bottom water, about 1 m above the
bottom. Note that the value is not compared against statistics in the same way as Figures
2—6 and therefore only circles are shown in the graph. Presence of hydrogen sulphide is
illustrated as negative oxygen concentration.
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Figure 8. Temperature (top), salinity (middle) and chlorophyll fluorescence (bottom) in the surface water
measured with Svea's ferrybox. The maps show data from both the previous cruises as well as SMHI's
regular cruise. The data has undergone only a rough quality control.



PARTICIPANTS

Name Role Institute
Martin Hansson Chief Scientist, Oceanographer SMHI
Lena Viktorsson Oceanographer SMHI

Ola Karlén Oceanographer SMHI
Johan Hakansson Chemist SMHI
Johanna Linders Chemist SMHI
Johan Kronsell Buoy technicians SMHI
Fredrik Waldh Buoy technicians SMHI
Greger Bergman Head of SMHI observations unit SMHI
Anders Hulthén Head of SMHI marine technicians’ unit SMHI
Bengt Karlsson Researcher, AMIME-project SMHI
Karin Garefelt Researcher, AMIME- project SciLifeLab/KTH
Krzysztof Jurdzinski | Researcher, AMIME- project SciLifeLab/KTH

APPENDICES
- Track chart

- Table of stations, analysed parameters and number of sampling depths

- Vertical profiles

- Annual cycles of surface water (0 — 10 m) and oxygen development in the bottom water.
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Vertical profiles HANOBUKTEN
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