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SUMMARY

The March cruise, which is part of the Swedisharal marine monitoring programme, covered the
Skagerrak, the Kattegat, The Sound and the Baltipd?.

The entire water column was generally well mixethie Skagerrak area, which resulted in higher
than normal salinity and temperature in the surfeaters. At A17 a weak stratification could be
seen at around 30 meters, with somewhat coldelemsdsalty water in the surface layer. The
nutrient concentrations were, similar to temperatnd salinity, well distributed over the entire
water column. Compared to normal this meant lowenoch lower concentrations in the deep
waters. Also in the Kattegat nutrient concentraibelow normal could be seen below the
halocline.

In the Baltic Proper, both in the Eastern and WasBotland Basin, temperature and salinity values
higher than normal were found below the stratifarat

No hypoxia (<2 ml @I) was found in the Arkona Basin, however in thgh of Hané and in the
Bornholm Basin hypoxia appeared from 70 meterskeaholw, no samples with hydrogen sulphide
(formed in anoxic conditions) were found in thisarAlso further east, in the Eastern and Western
Gotland Basin, hypoxia started from 70 meters ddgykrogen sulphide was first observed at

BY10 closest to the bottom at 144 meters depthaaml 15 from 150 meters and below. Even
though no hydrogen sulphide was found until arolfs@ meters the oxygen concentrations between
80 and 150 meters were very low, close to 0 mutther north at BY20, and west into the Western
Gotland Basin at BY32 and BY38, hydrogen sulphides wbserved from 80 meters depth and
below.

Next regular cruise is scheduled to start thebApril.



RESULTS

The expedition was conducted aboard the Finniskelésanda, it started in Helsinki the"1df

March and ended in Nynashamn on the evening d@ieThe winds were initially gentle to
moderate from south or southwest. On the west af&iveden increasing to around 20 m/s, which
was evident in the Skagerrak where the wave regovtiderdarna for March was exceeded.
Highest significant wave height of 6.6 meters wassured during the afternoon thd"1&randa
reached the area a couple of hours later duringitiie, however the sampling at A13, A14 and
A16 still had to be cancelled due to the roughvsieigh made it impossible to keep the ship steady
at the station. At A15 and A17 measurements wighGiD and rosette could be performed,
however all biological sampling from the aft decasacancelled due to the rough sea and safety of
personnel. The storm was followed by clear weathtr northerly winds through the Kattegat until
the Bornholm Basin. In the Eastern Gotland Basawind turned southwest and started out gentle,
then increasing.

22 stations were sampled in total, 20 out of 22&daked monitoring stations and 2 extra CTD
stations.

The ocean buoy at Huvudskar was safely salvagéyimarning the 1% with good help from the
Aranda crew. This work was planned since the buaaydtopped sending data in real time and
needed service, maintenance and change of batteéxies if the real time data transmission had
stopped working in the middle of November, data stased locally on a memory card and was
downloaded after the buoy was recovered. Thisdt@ventually be available for download at
SMHI open data site:
https://www.smhi.se/klimatdata/oceanografi/ladda-oeeanografiska-observation@nly available
in Swedish)

In addition to our regular sampling we also perfedisampling for determination of DNA within
the project “DNA barcoding of marine phytoplanktpfihanced by the Swedish Agency for Marine
and Water Management. The project includes albnatimonitoring stations where phytoplankton
is sampled and will continue during 2019. Extra pl® of phytoplankton were also sampled for
Uppsala University as the last samples in a sénasstarted last year. A new cooperation with
Swiss EAWAG, Swiss Federal Institute of Aquaticedwie and Technology, started in March.
Ocean water is sampled to investigate the cond@risaof selenium in phytoplankton. This
sampling will continue until November. Next yearestists from this project will likely join a

cruise for further studies.

Biological data has normally not been analysetiatiime this report is written, but eventually #er
will be an algae report available from the curnmainth where more information about
phytoplankton is available:

https://www.smhi.se/publikationer/publikationerfa@pgporter(only available in Swedish)

This report is based on data that have passestajtiality control. When data are published at the
national oceanographic data centre some valuest iméyle changed due to further quality controls.
Data from this cruise will be published as soop@ssible on the data centre’s webpage, normally
within a week after the cruise.



Data can be downloaded hehngtp://www.smhi.se/klimatdata/oceanografi/havsntgta(only
available in Swedish)

The Skagerrak

The entire water column was generally well mixethie Skagerrak area, which resulted in higher
than normal salinity and temperature in the surfeaters. At A17 a weak stratification could be
seen at around 30 meters, with somewhat coldelemsdsalty water in the surface layer. The
temperature varied in the surface waters betwes6 3C and deeper down between 6-7 °C. The
salinity only increased slightly with depth and veasund 33-34 psu in the surface and 34-35 psu at
the bottom.

The absence of strong stratification resulted mutaient distribution that differed compared to
normal distribution for the time of the year. Noitlma@he concentrations are low in the upper water
layer because of biological production, consumphigiphytoplankton, and high below the
stratification due to mineralisation. Since theavatolumn was mixed there were no large
differences in concentrations for either nitrogBi\, dissolved inorganic nitrogen) or phosphorus
(DIP, dissolved inorganic phosphorus) between thase and bottom waters. This resulted in
normal or higher than normal concentrations of @hd DIP in the surface layer, similar values
were found in the deep water which is lower or miaeter than normal for the season. Similar
conditions were also observed in February. Conagatrs of DIN were around 3-4 pmol/l in the
surface waters at A17 down to around 30 metetbeabottom at P2 and in the entire water column
at A15. Somewhat higher values, around 6 umol/tevieund at A17 between 30-150 meters and at
P2 from the surface down to 50 meters. Concentrsitdd DIP varied between 0.3-0.4 pmol/l
except at A17 in intermediate waters, 30-150 meteing@re concentrations were just over 0.5
pnmol/l. Silicate concentrations followed a simitattern with generally low values in the deep
waters, 1.5-2.0 umol/l. Somewhat more normal vale® found at A15 in the entire water
column, between 2.4-3.3 pmol/l, and at A17 abovenégers with values around 2.7 umol/l.

Oxygen concentrations were normal except for instiiéace waters where they were somewhat
below normal. This was because of the slightly eighan normal temperature. Warmer water has
less capacity to hold oxygen because molecules riaster at higher temperatures and take up
more space.

No clear peaks in the fluorescence measurementsfaend at the sampling stations in the
Skagerrak, however some higher values were obsei@ee 30 meters at A17, above 20 meters at
A15 and in the entire water column at P2, whichidatks phytoplankton presence. Since the
nutrient concentrations are relatively high in seface waters, the conditions for further
phytoplankton production are good. If the weattesdmes calmer and a thermoclifierms, with a
warmer surface layer where phytoplankton can stayget good access of sun light, a large
phytoplankton production is likely.

! Stratification due to temperature differences wigpth



The K attegat and the Sound

Temperature and salinity were at normal levelgdiermonth in the entire area, except at Anholt E
where salinities just above normal were observeatiersurface layer. Surface temperatures were
around 4.5 °C and marginally warmer in deeper wageto 5.7 °C. Salinity in the surface varied
between 22 and 25 psu in the Kattegat, with a fiakScaround 10-20 meters. Underlying waters
had a salinity of just over 33 psu. As opposedhéoKattegat, there was no clear halocline with a
well mixed surface layer in the Sound at statioh&dskrona. The surface salinity was just above
12 psu and continuously increasing down to 16 meilow that, the salinity was around 33 psu
all the way to the bottom.

Nutrient concentrations in the surface above thediae were on normal levels, only DIN at W
Landskrona deviated with higher than normal valupso just above 7 umol/l in the surface. DIN
varied from 0.2 umol/l in the surface water at Altioto just above 2 umol/l closest to the coast at
N14 Falkenberg. DIP concentrations were around-0.18 pmol/l in the Kattegat surface water
and around 0.3 pmol/l in the Sound. Concentratadrsslicon in the form of silicate were at 2-3
pmol/l in the Kattegat and around 10 pmol/l in Baund. Deeper down in the water column, below
the halocline in the Kattegat, there were nutrartcentrations which were lower than normal for
March. Values were at normal levels in the Sour@hd@ntrations of DIN were around 6 pmol/l in
the Kattegat and in the Sound somewhat highernar@ub pmol/l. DIP concentrations varied
between 0.5-0.6 pmol/l in the Kattegat and arouBdu@nol/l in the Sound. Silicate concentrations
below the halocline in the Kattegat were betweénhgnol/l and in the Sound just over 12 pumol/I

in the deeper water.

Fluorescence measurements with the CTD indicate gwesence of phytoplankton in the surface
layer above the halocline but no peaks were obderve

There were no low oxygen concentrations observeahyabf the visited stations.

The Baltic Proper

In the southwestern part of the Baltic Proper, Ak®asin, Bight of Hané and Bornholm Basin,
were well mixed upper layers with temperature &€ Awhich is in the upper limit for what is

normal for March, and salinity at 8 psu. Below taiger was a halocline and everywhere except in
the Arkona Basin also a thermocline which was fe#ld by increasing salinity and temperature
towards the bottom. The stratification was locaed0 meters in the western Arkona Basin at BY1
and at 30 meters in the eastern part at BY2. IiBtgkt of Hand the stratification started at 50
meters and in the Bornholm Basin at BY4 and BY8%and 40 meters respectively.

Further east, at station BCS I1I-10, and nortthath Eastern and Western Gotland Basin, the
conditions were similar with a well mixed upperdayollowed by a halocline and thermocline at

the same depth, then increasing temperature amitysatith depth towards the bottom. Both

salinity and temperature in the surface water dsge somewhat northward, eventually down to 2.5
°C and 7 psu at BY20 and BY32 furthest north. Tthetiication was located at 50-70 meters depth,
shallowest in the north. The water beneath théifstedion in this part of the Baltic had tempernagu
and salinity which were slightly above what is natrfor March, temperature 5-6 °C, in the Eastern

2 Stratification due to salinity differences withpdie



Gotland Basin up to 7.5 °C beneath 100 meters d8aimity increased rapidly at the halocline to
over 10 psu, then slowly increasing towards thédnot 13.3 psu as highest closest to the bottom at
BY15, in the Western Gotland Basin up to 10.7 gdB¥82.

Nutrient concentrations in southwestern Baltic Rrofrom BY1 to BY5, were at normal levels. In
the surface layer, above the stratification, cotre¢ions of DIP were around 0.5 pmol/l, DIN
between 0.8-1.8 pmol/l and silicate at around 1#l/inthen increasing towards the bottom.

In the Eastern Gotland Basin normal levels forgbason of DIN and DIP were measured, the deep
water at BY10 deviated somewhat with DIN values pedow normal. In the Western Gotland

Basin DIN values below the stratification were lveloormal, otherwise normal concentrations
were observed. Values of DIN above the stratifaratvere between 2.4-3.1 umol/l and increasing
towards the bottom, mostly at the four northernnstations where concentrations passed 10
umol/l, BY15, BY20, BY32 and BY38, where also hygen sulphide was observed. Highest
concentration was found closest to the bottom at®¥Y.7.5 umol/l. Concentration of DIP were
stable at around 0.6-0.7 umol/l in the upper watass, then increasing with depth below the
stratification to over 3 pmol/l, at most up to fumol/l, also that closest to the bottom at BY15.

Concentrations of silicon, in the form of silicateere somewhat higher than normal in the surface
layer in the Eastern Gotland Basin and in the ssaghat BCS 111-10, a bit over normal in the entire
water column in the Western Gotland Basin. Conedioins in the surface layer were just above 15
pnmol/l in the southeast at BCS I1I-10, BY10 and BYOver 18 pmol/l were measured at the
stations in the northwest at BY20, BY32 and BY38&lués increased below the stratification
towards the bottom to reach over 60 pmol/l as tsghe

At the coastal station Ref M1V1 lower concentragitiman normal of DIN and DIP were measured
and the silicate concentration was much lower ti@mal. Nitrogen in the form of DIN was
completely consumed and only phosphorus was avaifabbiological production. This is one of
the conditions that favour cyanobacteria that canifrogen gas instead of using DIN in the water.

Oxygen conditions in the southwestern part of th#iBwere normal. No acute hypoxia (<2 ml

O./l) was found in the Arkona Basin, however in thgts of Hand and the Bornholm Basin acute
hypoxia was observed from 70 meters depth, no lggirgulphide was found in this area. Further
east, in the Eastern Gotland Basin, acute hypoamabserved from 70 meters depth, as well in the
Western Gotland Basin. Hydrogen sulphide, formeahaixic conditions, was found first at BY10
closest to the bottom at 144 meters depth, al&'ab hydrogen sulphide wasn’t observed until
150 meters depth and beneath. Even though no halimigphide was found until 150 meters the
oxygen concentration between 80 and 150 metervarggdow, around 0 ml/l. Northward at BY 20,
and west into the Western Gotland Basin at BY32EYi@8, hydrogen sulphide was observed from
80 meters depth and below. Values were somewhhaehtgan normal, at least at the stations in the
Western Gotland Basin. Oxygen conditions in thédsotwater at BY32 has slowly deteriorated
since the spring 2018, at BY38 however there wasxggen increase in the bottom water in
January this year. This could be caused by waten the south flowing over the sill east of Oland.
Another possibility is that overlaying waters hawixed down and oxygenated the bottom water. A
temporary decrease in salinity in the bottom watgaports this theory that overlaying, less salty
water, has mixed with the saltier bottom water sTikipossibly caused by internal waves in the
stratification layer at the same time as this lagexred from about 60 meters in December to
around 80 meters in January.



Fluorescence measurements with the CTD indicatgéd@oncentrations of phytoplankton at the
coastal station Ref M1V1 and the spring bloom habably started there, also the low
concentrations of nutrients at this station isga $hat phytoplankton blooms have consumed all
available nitrogen. Otherwise the measurements stidow activity above the stratification in the
entire Baltic Proper, somewhat higher in the naithtation BY32 and at the stations in the
southwestern Baltic east and west of Bornholm, B2 and BY5. More information about
phytoplankton is available in thdgAware report(only available in Swedish).
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Figure 1. Transect showing dissolved oxygen andisafrom the Sound, through the Baltic
Proper, to the Western Gotland Basin.
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Bottom water oxygen concentration (ml/l)
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Vertical profiles BY38 KARLSODJ
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