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Summary

During the cruise, which is part of the Swedish national marine monitoring programme, the
Skagerrak, the Kattegat, the Sound and the Baltic Proper were visited.

The water in the Skagerrak was well mixed which resulted in weak stratification and higher salinity
in the surface water. Temperatures higher than normal for the month where observed at several
places in the Skagerrak and at some places in the Kattegat. The water in the Baltic Proper was well
mixed down to 30 - 45 metres, shallowest mixed layer depth was found in the southwest in the
Arkona Basin. Below the mixed layer there was a thermocline with decreasing temperature and a
small increase in salinity, the salinity then increased more at the permanent halocline at around

60 - 80 metres. The temperature and the salinity in the deep water in the basins around Gotland
were somewhat higher than normal.

The nutrient concentrations were generally at low levels in the upper parts of the water body in all
areas. Concentrations increase below the halocline, low to normal values where observed on the
west coast. In the Baltic Proper low to normal values of DIP where found below the halocline and
with ammonium missing (due to technical issues with the instrument) DIN haven’t been possible to
evaluate, DIN concentrations far over monthly mean was observed in October.

The oxygen situation was good in the Skagerrak, an improvement since October which probably
depends on the mixing of the water column which was seen in temperature and salinity. In the
Kattegat the oxygen concentrations were lower than normal below the halocline which was located
at 20 metres. At Anholt E the oxygen concentration was just over 2 ml/l at the bottom which is
close to the limit of acute hypoxia (<2 ml/l).

The oxygen conditions were still very poor in large parts of the Baltic Proper. At BY15 in the
Eastern Gotland Basin, BCSIII-10 in the southeast, as well as in the Eastern, Northern and Western
Gotland Basins, hydrogen sulphide concentrations were found much over of which is normal,
several stations are now closing in on record high values of hydrogen sulphide. A small increase in
oxygen concentrations in the bottom water could be seen in the Arkona Basin, the Bight of Hano
and at BY4 in the Bornholm Basin which led to that the oxygen levels there where on normal
values for the month and somewhat higher than what was observed in October.

Plankton activity measured by fluorescence from the CTD was generally low in all areas. No peaks
in chlorophyll fluorescence were noted. The fluorescence was low and evenly distributed
throughout the well mixed surface layer, then rapidly decreasing below the thermocline.

SMHIs next regular monitoring cruise with R/V Svea is planned to 7™ to 18™ December, starting in
Kalmar and ending in Lysekil. During the December cruise mapping of nutrients will be made in
the Bothnian Sea and the Bothnian Bay. This year in addition a coordination and intercalibration
with Umed University which are responsible for the regular national monitoring the year around in
the Gulf of Bothnia.



Results

The cruise was carried out on board the Swedish research vessel R/V Svea and started in Lysekil
the 8™ of November and ended in the same port the 15" of November.

Initial winds from east that turned to blow from south and increased in strength lead to cancelling of
several zooplankton nets since this sampling method is sensitive to strong winds. The zooplankton
sampling at A17 was also cancelled but due to strong currents. The strong wind continued in the
Baltic Proper, primarily from southwest then turning to west. Just in time for the buoy recovery at
Huvudskér the wind calmed down and after waiting a couple of hours for even weaker winds the
buoy recovery went very smooth.

A part of the instrument used to analyse ammonia, NHa4, didn’t work properly which resulted in that
no ammonia analyses at all could be performed during the November cruise. The malfunctioning
instrument part was replaced shortly after the cruise and the analysis is expected to work again
during the December cruise.

Water samples for selenium analysis was taken at five stations for EAWAG in Switzerland. Extra
phytoplankton samples were also taken at three station on the west coast for Uppsala University.

At the station in the Bight of Hand there have been a bottom rig with sensors to continuously
measure temperature, salinity, oxygen and currents. During the last cruise in October the rig was
planned to be recovered but the attempts failed, several dragging attempts were made. In November
new dragging attempts were made with no success.

Transects with Svea’s MVP (Moving Vessel Profiler) which are used to measure temperature,
salinity and oxygen profiles during transit, were made at parts of the A-transect after a few initial
technical issues. After the cable to the MVP was reterminated and the brake was tightened the
Stolpe trench (also called the Slupsk Channel) transect and the BY10-BY 15 transect could be
sampled. After those transects it was established that the brake was too worn out to safely use the
MVP and it needs service before sampling during transit can once again be resumed. Stationary
profiles were also taken at different fall speed at A17 and BY 15 for comparison against the CTD.

Both the Ferrybox (continuous measurements at a depth of 4 metres) and Svea’s both ADCPs
(current measurement) were running during the cruise.

This report is based on data that has undergone an initial quality control. When additional quality
review has been performed certain values may change. Data from the cruise is published as soon as
possible on the National Oceanographic Data Centre’s — SMHI’s website. This usually takes place
within one to two weeks after the cruise has ended. Some analyses are made after the cruise and are
published later.

Data download at SHARKweb: https://sharkweb.smhi.se/hamta-data/




The Skagerrak

The water in the Skagerrak was generally well mixed, cooling to some extent could be seen at the
most coastal near stations with temperature at around 10 °C as lowest in the surface at S1aggo.
Further from the coast, temperatures at around 12 °C were measured which is warmer than usual. At
A13, A15 and P2 the water was warmer than normal for November in the entire profile from the
surface to the bottom. At A17 the water was warmer than normal down to around 100 metres, from
125 metres down to 340 metres the temperature was normal for the season.

The mixing of the water body resulted in weaker stratification, neither salinity stratification,
halocline, nor temperature stratification, thermocline, could be seen at A15, A16, A17 or P2, at least
not any clear ones. At A17 the temperature decreased gradually from around 13 °C at 75 metres
down to barely 8 °C at 125 metres, a significant decrease in temperature but over a large depth
interval, which means that the density changes slowly with the depth and hence there is no strong
stratification. The salinity was at these stations somewhat higher than normal closest to the surface,
32 - 34 psu, and at normal levels deeper down, at A15 somewhat lower than normal from 40 metres
and down to the bottom.

At A13 there was a halocline at 12 metres where the salinity increased from 29 psu to 32 psu at 14
metres, cooling of the water of about 1 °C could be seen above the halocline. At Slaggd both the
temperature and salinity increased quickly from the surface down to 6 metres, after that the salinity
increased slower with depth. At around 52 metres there was a weak stratification with an increase in
salinity and a decrease in temperature.

The concentrations of nutrients in the form of dissolved inorganic nitrogen, DIN!, were lower than
normal for the season in the entire water column at the A-stations A13, A15 and A17. At P2 the
concentrations were normal from the surface down to 20 metres, thereafter lower than normal down
to the bottom. Concentrations below 1 pmol/l were observed down to 100 metres. At the coastal
station Sldggd, which is located in Gullmarsfjorden, normal values for the season were observed,
somewhat higher in the surface, at 50 metres and closest to the bottom. Phosphate, dissolved
inorganic phosphorous or DIP?, were also on normal levels at Sliggd but with somewhat higher
values at 50 metres and at the bottom. Phosphate concentrations were generally at normal levels at
the rest of the stations in the Skagerrak with somewhat deviating low values from 75 metres and
below at A15 and at A17 between 75 - 200 metres.

The silicate concentrations, which is used by diatoms to form shells, were at normal levels at the A-
stations, 2 - 5 umol/l, usually increasing with depth. At P2 the concentrations were somewhat
higher in the surface and somewhat lower than normal deeper down below 30 metres. At Slaggo
values at the surface and closest to the bottom stood out with values over 20 pmol/l.

The oxygen conditions in the Skagerrak were good with values over 5 ml/l, up to 6 ml/l, closest to
the bottom. At the coastal station Slaggo, where low oxygen concentrations occur in the bottom
water, the oxygen concentration decreased rapidly around 50 metres and at the bottom only 2.7 ml/Il
was measured. This is just above the limit for acute hypoxia which is used when the concentration
falls below 2 ml/I.

1 Dissolved inorganic nitrogen, abbreviated DIN, the sum of nitrate, nitrite and ammonium.
2 Dissolved inorganic phosphorus, abbreviated DIP, only in the form of phosphate.



Chlorophyll fluorescence measurements with the CTD? showed low plankton activity. At A13 and
Sldggd the fluorescence was somewhat higher in the surface layer. The secchi disk depth at Slaggo
was low, only 3 metres was measured.

The Kattegat and the Sound

The temperature was at normal levels in the surface or possibly slightly above, just over 10 °C in
the entire Kattegat and the Sound. Below 20 metres depth the temperature increased, up to 13 °C in
the Kattegat and 11.5 °C in the Sound. A halocline was observed in the Kattegat at around 20
metres, and in the Sound a strong one between 15 and 20 metres. The salinity above the halocline
varied between 24 - 26 psu in the Kattegat and it was just below 14 psu in the Sound. The salinity
increased below the halocline, up to 32 - 34 psu at every station, all values were within the normal
range for the season.

The nutrient concentrations were lower then normal above the halocline in the Kattegat, both for
nitrogen and phosphorus. In the Sound at the station W Landskrona low nitrogen values were
measured while the phosphate concentrations were normal at around 0.4 pumol/l. The nutrient
concentrations normally increase below the halocline, measurements indicated normal values for
the area except from 30 metres and below at Anholt E where somewhat higher concentrations of
phosphate were found, up to 1.36 umol/I at the bottom. Silicate concentrations were at normal
levels above the halocline but deviated in the deeper waters at Fladen and Anholt E, with values
around 19 umol/I at Fladen and up towards 30 umol/l at Anholt E.

Oxygen concentrations below the halocline at Fladen and Anholt E were lower than normal. At
Fladen, the oxygen concentration decreased to below 4 ml/I closest to the bottom, this is the level
where the first signs of oxygen deficiency can be seen. At Anholt E the concentrations approached
2 ml/l, which is the limit for acute oxygen hypoxia. In the Sound below the halocline the oxygen
concentrations were around 4 ml/l, which is low but within normal for the station and season.

Chlorophyll fluorescence measurements with the CTD showed low plankton activity above the
halocline with no clear peaks.

The Baltic Proper

The water in the Baltic Proper was well mixed down to 30 - 45 metres, shallowest mixed layer
depth was found in the southwest in the Arkona Basin. The station BY 39, at the south point of
Oland, deviated with slowly increasing salinity and decreasing temperature already from 17 metres
and down. Below the well mixed upper layer there was a thermocline with decreasing temperature
and a weak increase in salinity, the salinity then increased more at the permanent halocline at
around 60 - 80 metres. In the Arkona basin there was no clear thermocline; instead the temperature
was rather stable in the whole profile and the halocline was present around 30 - 40 metres. The
temperature in the upper layer was around 9 - 11 °C and the salinity ranged from barely 7 psu west
of Gotland up to just over 8 psu in the southwest in the Arkona Basin. The temperature in the deep
water in the basins around Gotland were somewhat higher than normal and varied from 6 to just
over 7 °C. The salinity in the Gotland Basins were also somewhat higher than normal both in the

8 CTD is a profiling instrument which stands for Conductivity, Temperature and Depth. SMHI’s CTD is also equipped
with sensors that measure oxygen and fluorescence among others.



surface and bottom waters, similar observations of higher values in the deep water around Gotland
were made in October as well.

The nutrient concentrations in the form of DIN, dissolved inorganic nitrogen, were low in the mixed
upper layer, around the lower limit for what is normal for the season. This was true in particular for
the stations around Gotland, at the stations around Bornholm more normal concentrations were
observed. Values varied between 0.1 - 0.9 umol/l. Since ammonium, NHs, is missing for the entire
cruise it’s not possible to evaluate the nutrient situation in the deep water in the Baltic Proper. The
deep water is anoxic and in such conditions ammonium stands for the major part of DIN.

The concentration of DIP, dissolved inorganic phosphorus in the form phosphate, was somewhat
higher than normal close to the bottom in the Bornholm Basin; 6 - 8 pmol/l. At the northernmost
stations BY20 - BY38 values lower than normal were noted in the mixed upper layer, between 0.15
- 0.25 umol/l. At the other stations the concentrations were at normal levels.

The silicate concentrations were somewhat higher than normal in the southwest around Bornholm,
at most over 80 umol/I closest to the bottom at BY'S and around 13 pmol/l in the surface. Normal
values were measured above the halocline around Gotland and somewhat elevated values below the
halocline, here also with a top just over 80 umol/I at the bottom at BY15.

The oxygen situation was still very serious in large parts of the Baltic Proper. At BYS in the eastern
part of the Bornholm Basin, at BCSIII-10 in southeast, and in the Eastern, Northern and Western
Gotland Basins hydrogen sulphide* values higher than normal were observed, several stations are
closing in on record levels of hydrogen sulphide concentrations. Some oxygenation of the bottom
water was noted in the Arkona Basin, Bight of Hano and at BY4 in the Bornholm Basin which
made the oxygen concentrations there to be at normal levels and somewhat higher than in October.
The oxygen concentration was between 4.6 - 4.9 ml/l at the bottom in the Arkona Basin, 0.3 ml/] at
BY4 and 1.3 ml/I in the Bight of Hano. However, the oxygen concentration just above the bottom,
at 70 metres, in the Bight of Hand was at only 0.2 ml/l and at 80 metres at BY4 hydrogen sulphide
was observed. Likely only a small amount of heavy oxygenated water has entered the Bight of
Hand and the western part of the Bornholm Basin and lifted or pushed away the older bottom water.
The future monthly monitoring will show if there will be a continued improvement or if it’s just a
small inflow with limited effect. At the rest of the stations, from BY5 to BY38, which are located in
a wide arc counter clockwise around Gotland, hydrogen sulphide or oxygen concentrations close to
zero were observed from 70 or 80 metres depth and below. At BY 10 and BY 15 there was a small
area between about 80 to 100 metres where the oxygen concentration was close to zero but with no
hydrogen sulphide present.

The plankton activity measured with fluorescence from the CTD was low in the entire area. No
peaks in chlorophyll fluorescence were observed. The fluorescence was evenly spread in the entire
mixed upper layer and then decreased rapidly below the thermocline.

More information about the algal situation can be read in the Algaware report for October:
https://www.smhi.se/publikationer/publikationer/algrapporter

4 Hydrogen sulphide, H,S, forms in oxygen free conditions.
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Figure 1. Transect showing oxygen concentration, salinity and temperature from measurements
with the CTD and some MVP, from the Skagerrak via the Kattegat and the Sound to the Eastern
Gotland Basin and further into the Western Gotland Basin.



SMHI marine monitoring November 2021
DIN in the surface water (0-10 m)
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Figure 2. Concentration of dissolved inorganic nitrogen in the surface water (0-10m).
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SMHI marine monitoring November 2021
Phosphate in the surface water (0-10 m)
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Figure 3. Concentration of phosphate in the surface water (0-10m).



SMHI marine monitoring November 2021

Silicate in the surface water (0-10 _m)
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Figure 4. Concentration of silicate in the surface water (0-10m).
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SMHI marine monitoring November 2021
Temperature (CTD) in the surface water (0-10 m)
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Figure 6. Temperature in the surface water (0-10m).
SMHI marine monitoring November 2021
Salinity (CTD) in the surface water (0-10 m)
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Figure 7. Salinity in the surface water (0-10m).
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