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Background & objectives

During the CHARM kick-off meeting, it was decided in the WP phytoplankton specific discussion, that we should make a data inquiry for an overview of all the phytoplankton data available for the project work. The purpose of this overview is to describe:

· the geographical distribution of the data sets

· state of the quality control of the data sets (to select data sets for more detailed quality analysis)

· availability of abiotic data directly attached to these data sets

· distribution of data sets in relation to salinity and eutrophication gradients (average maximum inorganic nitrogen concentration in the surface waters in winter)

We wish to thank all partners in WP 2, who have promptly replied in the metadata-query that was sent at end of January, and provided metadata sheets for this analysis. Thanks are also due to Peter Hendriksen & his colleague at NERI providing the map of phytoplankton sampling station distribution (Fig. 1). The data from Swedish stations was obtained through the internet from the BED-database and Marine biological database
 of the Stockholm University. All replies are compiled in the files: Metadata.xls, and Metadata_Comb.xls.

Totally there are ca. 450 sampling stations from which phytoplankton data is available, ranging from the coastal waters of the Bothnian Bay to the Kattegat and Skagerrak, and the west coast of Denmark. We have a minimum of 15000 phytoplankton samples available for further analysis (calculated by estimating the number of years sampled, multiplied by the minimum annual sampling frequency indicated for each station). 

Summary of the phytoplakton metadata characteristics

How many years sampling has been carried out?

In most of the sampling stations monitoring has been carried out for 5 years of less (67% of sampling stations; totally almost 300 stations; Table 1). But also stations with long-term data sets are available.

Table 1. Percentage of stations sampled for 1, 2-3, 4-5, 6-10, >10 years

Number of years monitored
Number of stations
% of total stations

1
111
25

2-3
119
26

4-5
68
15

6-10
78
17

More
74
15

Total
450


Table 2. Long-term sampling stations for phytoplankton.

Country
Station
Baltic Sea area
Starting year
Year when stopped
Years sampled

Poland
BMPL/1=P1
Gdańsk Deep
1979
continuing
23

Denmark
431
VEN
1979
continuing
23

Denmark
939
HALSSKOV REV
1979
continuing
23

Denmark
925
GNIBEN
1980
continuing
22

Denmark
409
ÅLBORG BUGT
1981
continuing
21

Lithuania
8 stations
Curonian lagoon
1981
continuing
21

Finland
Kyvy-8 Huovari
Eastern Gulf of Finland
1982
continuing
20

Sweden
Askö
Western Baltic Proper
1983
continuing
19

Denmark
444
ARKONA W
1979
1997
19

Denmark
3727-1
Skive Fjord v. Skive
1983
continuing
19

Denmark
3708-1
Løgstør bredning
1983
continuing
19

Denmark
3702-1
Nissum Br.
1983
continuing
19

Denmark
413
ANHOLT E
1981
1997
17

Latvia
121
Central Gulf of Riga
1976
1991
16

Latvia
119
Southern Gulf of Riga
1976
1991
16

There are ca. 80 sampling stations where sampling has been started or sporadically carried out more than 20 years ago. At 22 of those stations sampling has been continued more than 10 years, and at 14 stations with relatively frequent sampling (maximum sampling frequency >7 times per year). At 14 stations sampling has continued longer than 20 years (Table 2) and from 9 stations 12 to 19 years long data sets are available. Although this data is not old enough to be used to establish reference conditions (since anthropogenic eutrophication was already reported from Baltic in early 1980’s), it still provides information of long term variability of phytoplankton composition in different areas of the Baltic Sea.

Premonitoring (historical) phytoplankton data was reported to be available from 76 stations. Published premonitoring data is available from many of the Polish stations from 1920’s, 1950’s and 1970’s. Also from Estonian and Lithuanian waters premonitoring data was reported to be available. Obviously a thorough literature review and archive exploration are needed for reconstruction of reference conditions for phytoplankton.
How many samples we have totally available for analysis?

Based on the replies concerning duration of the sampling (starting year and the year when sampling ended) multiplied with the sampling frequency indicated the approximate total number of phytoplankton samples available at each station was calculated. If a range of sampling frequency was indicated (like: 5-8 times per year) the lowest and highest numbers where taken, and thus a minimum and maximum amounts of samples available were calculated. 

Table 3. Numbers of stations, with a minimum amount of samples available.

Number of samples
Number of stations
% of total samples

0-1
63
14

2-5
111
25

6-10
34
8

11-50
133
30

51-100
77
17

101-200
24
5

>200
8
2

In table 3, the minimum numbers of samples available per station have been estimated. This indicated that there are ca. 60 stations where only 1 sample has been taken. The value of such single-sample stations for further analysis is questionable, and they may be omitted. Accordingly we have ca. 135 stations, where less than 10 samples have been taken. Luckily, we have a high number of sampling stations, where 10 to 50 samples have been taken (ca. 130 stations totally). There are also over 100 stations, where more than 50 samples are available. When summing up all the samples, we have a minimum estimate of ca. 15000 and a maximum estimate of 28000 phytoplankton samples available for analysis. This amount of data gives us a good possibility to study both seasonal and spatial patterns of phytoplankton.
There are totally 243 stations where sampling has been carried out at least once more than six (6) times during one year. All these stations with seasonal data are quite evenly distributed around the Baltic Sea (in all sub-areas). There are 109 stations where maximum sampling frequency has been between 6 and 12 times per year, 78 stations with 13-24 samples taken per year, and 54 stations with more than 25 samples taken per year. This implies that there are a large number of data sets where the seasonal variability of phytoplankton composition in different coastal areas of the Baltic Sea can be studied in detail and compared. Stations with very intensive sampling frequency (>25 times per year) should allow analysis of seasonal patterns (spring and summer assemblages) and development of seasonally specific phytoplankton indices. Likewise the applicability of different sampling frequencies for detection of phytoplankton bloom frequency can be investigated.
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Figure 1. Geographical distribution of phytoplankton sampling stations and minimum number of samples estimated to be available from each station.

Geographical distribution of phytoplankton samples

The geographic range from north to south of the Baltic Sea, to the coastal waters of Kattegat and Skagerrak is well covered (Fig. 1). There is a good coverage of samples along the east coast of the Gulf of Bothnia, Gulf of Finland, Gulf of Riga, Lithuanian coast of the Baltic Proper, Gdansk Bay, Pomeranian Bay, German coast, the Belt Sea, the Sound and Kattegat, Skagerrak, and even from the Danish west coast. Some data is available also from the open seas areas of the Gulf of Finland, Northern Baltic Proper, Southern Baltic (Arkona Sea and Bornholm Basin) and even from the North Sea. A lot of the sampling stations are outside the 1 nm limit of the coastal waters as defined by the Water Framework Directive. However, since the purpose of the project and WP2 is to relate phytoplankton parameters to physical and morphological factors determining typology, the administrative limit of 1 nm, should not prevent using data applicable for the analysis.

The sampling stations cover the whole salinity range of the Baltic Sea and marine waters (up to 34 psu; Table 4). Also a wide range of stations characterized by low (<100 µg DIN l-1) winter-time inorganic nitrogen concentrations up to eutrophied inner coastal waters within each Baltic Sea area are represented in the material (Table 4). 

Table 4. Total number of sampling stations in different geographical areas of the Baltic Sea, Kattegat and Skagerrak, and the Danish west coast. Salinity (psu) range, and the range of the average (approximate) maximum dissolved inorganic nitrogen concentrations (DIN; µg l-1) in winter (January) in the stations within each region.

Baltic Sea area
No of stations
Salinity range
Range of Max. DIN (µg l-1)

Bothnian Bay

10
1-3
100-400

Bothnian Sea 

12
4-5
200-400

Archipelago and Åland Seas

11
5-6
200-400

Gulf of Finland

36
3-7
200-600

Gulf of Riga

17
3-6
80-500

Northern Baltic Proper
Moonsund area, Askö - western coast
9
3-7
~ 100

Eastern Baltic
Central Baltic Proper, Lithuanian coast
14
5-7
400-1300

Gulf of Gdansk

50
6-7
50-340

Southern Baltic
Bornholm Basin, Arkona Sea, Pomeranian Bay & German coastal areas
70
1-13
60-5000

Belt Sea, Sounds, Kattegat 

~100
7-33
20-3600

Skagerrak, Danish west coast

84
2-34
60-3500

Methodological aspects of phytoplankton samples

Discrete phytoplankton sampling was reported to have been carried out at 100 stations (24%) and integrated sampling on 117 stations (29%). There are no stations where only net sampling had been carried out. Chlorophyll a data was reported to be available from ca. 135 stations (32%). Abiotic data was reported to be available at least from 218 stations (52%), and inorganic nitrogen concentration data from at least 264 stations (63%).

Utermohl method has been used for analysis of almost all samples. Samples from 43 stations have been analyzed also using epifluorescence microscopy (ca.10%). Picoplankton has been analyzed from samples from 36 stations (8.8%). Heterotrophic cells have been enumerated from samples from 44 station (11%).

Level of taxonomic identification has been reported to be good or high in most of the samples.

It was reported that phytoplankton quality control procedures have been performed for data from 175 stations (43%). 

Table 5. Information of the quality control procedures from different WP2 partners.

Country
Quality control procedures
Identification of analyst possible

Denmark
HELCOM Guidelines have been followed
yes

Estonia
HELCOM Guidelines have been followed
yes

Finland
HELCOM Guidelines have been followed
yes

Germany
Processed according to agreement of WP2
Generally no, for some samples yes

Latvia
HELCOM Guidelines have been followed
yes

Lithuania
HELCOM Guidelines have been followed
yes

Poland
Since 1992 HELCOM Guidelines have been followed
Generally yes

Sweden
No information of quality control procedures
No info.

Recommendations for further steps

Based on the metadata survey the following recommendations for proceeding can be given. The quality control and data checking should be carried out in following order:

1) Data from monitoring stations, where more than 6 sampling occasions per year (with special emphasis on high frequency monitoring stations; >20 samplings per year)

2) Data from the long-term monitoring stations (i.e. stations where sampling has been started from more than 20 years ago, but might have been stopped by now)

3) Data from stations where sampling has been carried out more than 10 years.

4) Rest of the data covering coastal bays areas which were not included in monitoring stations above, but sampled more than once (>2 times).

5) Checking that monitoring stations where data will be quality controlled will cover as wide salinity and winter-time DIN range as possible. 













� BED: http://data.ecology.su.se/Models/; salinity & nutrients in 1999), AND Marine biological database http://www.ecology.su.se/dbbm/index.shtml, 
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