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PREFACE

The Third Biological Intercalibration Workshop in the framework

of the Helsinki Commission was held on 27-31 August 1990 in

Visby, Sweden. Experts from all other Baltic Sea States except

Poland attended the workshop. The International Council for
Exploration of the Sea (ICES) coordinated the intercalibration

on oxygen and hydrogen sulphide.

This publication contains the results of the intercalibration

exercises on phytoplankton, primary production, zooplankton,

chlorophyll-a and macrozoobenthos as well as on nutrients,

oxygen and hydrogen sulphide.

The conveners of each group of determinands and the editors of

the publication Ms. Lena Jacobsson and Mr. Sverker Evans are
responsible for the text of this publication.



1. INTRODUCTION

The Swedish Environmental Protection Agency, in cooperation with

the Swedish Meteorological and Hydrological Institute, arranged

the Third Biological Intercalibration Workshop under the auspices

of the Baltic Marine Environment Protection Commission - Helsinki

Commission. The Workshop was held in Visby, Sweden, 28-31 August

1990.

The goals for the intercalibration workshop were to assess the

degree of comparability of the results obtained by the institu-

tes which produce results for the third five-year period (1989-

1993) of the Baltic Monitoring Programme (BMP) of the Helsinki

Commission.

The two previous workshops were held at Stralsund, German

Democratic Republic, in 1979, and at R0nne, Denmark, in 1982

(HELCOM, 1983). In the 1982 intercalibration, improvements with

regard to the comparability of the data were achieved. However,

the results also showed a number of problems yet to be solved,

and the need for regular intercalibration exercises between the

various laboratories was strongly emphasized. The experiences

and recommendations of the previous intercalibrations were taken

as a starting point for the third intercalibration exercise in

Visby. For coordination of the intercalibration, a Steering Group

was established, which met in Uppsala 10 January 1990 to discuss

the program for the workshop. Altogether six Working Groups were

set up, and a convener was nominated for each group.

Steering Group Members

Mr Gunni drtebjerg, Denmark (DK)

Ms Ann-Britt Andersin, Finland (SF)

Mr Sigurd Schulz, German Democratic Republic (GDR)

Mr Stig Carlberg, Sweden (S)

Mr Sverker Evans, Sweden (S)

Ms Elisabet Fogelqvist, Sweden (S)

Mr Torbjijrn Will&n, Sweden (S)
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Conveners

Nutrients, oxygen and hydrogen sulphide:
Mr Stig Carlberg, Ms Lotta Fyrberg, Mr Jorge Valderrama and
Mr Bengt Yhlen (S).

Primary production: Mr Sigurd Schulz (GDR).

Chlorophyll: Mr Gunni Xrtebjerg (DX).

Phytoplankton: Ms Kaisa Kononen and Ms Maija Huttunen (SF).

Zooplankton: Ms Gerda Behrends (FRG).

Macrozoobenthos: Mr Hans Cederwall (S).

The Steering Group and the Conveners met at the SMHI Oceanogra-

phical Laboratory in Gothenburg 22-23 March 1990 in order to go

through the requirements of each Working Group and to solve

logistical problems.

Delegations from Denmark, Finland, German Democratic Republic,

Federal Republic of Germany, Sweden, and the Union of Soviet

Socialist Republics attended the workshop, as well as scientists

from the Stockholm and Ume& Marine Sciences Centres. Observers

from the Helsinki Commission, the Baltic Marine Biologists (BMB)

and ICES were also present.

The following laboratories and research vessels participated in

the intercalibration:

DK National Environmental Research Institute.
R/V GUNNAR THORSON

SF Finnish Institute of Marine Research.
R/V ARANDA

GDR Institute of Marine Research, Rostock/Warnemtinde.
R/V PROFESSOR ALBRECHT PENCK

FRG Institute of Marine Research, Kiel.
R/V ALKOR

S Swedish Meteorological and Hydrological Institute.
Swedish Environmental Protection Agency.
R/V ARGOS
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S Stockholm Marine Sciences Center.
Umed Marine Sciences Center.
KBV04 (Swedish Coast Guard)

USSR State Oceanographic Institute, Moscow.
Hydrometeorological Observatory of Klaipeda, Lithuania.
R/V LEV TITOV

The timetable for the Third Biological Intercalibration Workshop

is presented below in Section 1.1. The sampling stations are

presented in Figure 1 (p. 149).

The Working Group reports have been drafted by the convener of

each working group and the publication has been edited by Ms Lena

Jacobsson and Mr Sverker Evans.

Acknowledgements

The generous and kind support by the County Council of Gotland,

the Harbour Authority and the School Office of Visby greatly

contributed to the success of the Workshop, and is gratefully

acknowledged.

1.1 Time-table for the Third Biological Intercalibration

Workshop

January 10

March 22-23

Monday, August 27

Tuesday, August 28

Meeting Steering Group in Uppsala.

Meeting Steering Group and Conveners in
Gothenburg.

Research vessels meet in Visby. Meeting
Steering Group and Conveners on board R/S
ARGOS.

Opening of the Workshop. Working Group
Meetings. Meetings Captains, Steering
Group and Conveners.
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Wednesday, August 29 Field sampling.

07.00 All ships leave Visby harbour. On the way
to the sampling station, every ship
determines with navigational aids the
correct position of the buoy situated
roughly at N 573777, E 1816.

08.15

10.00

At the sampling station (N 5740, E 1748)
zooplankton sampling and secchi disc
readings are performed from all ships.
The ships then perform different tasks:
nutrients by ARGOS; chlorophyll, primary
production and secchi disc readings by
GUNNAR THORSON.

Subsequently, the distribution of samples
starts at sea by means of rubber boats.

The ships split up. ARANDA and ARGOS go
to the zoobenthos stations. GUNNAR
THORSON collects oxygen samples. The
remaining ships return to port.

19.00 ARANDA and ARGOS back in port. Oxygen and
zoobenthos samples are distributed.

Thursday, August 30 Analyses on board in Visby.

Friday, August 31 Plenary Meeting.
Closing of the Workshop.
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2. REPORT OF THE WORKING GROUP ON PHYTOPLANKTON

2.1 Introduction

According to the conclusions of three phytoplankton inter-

calibrations carried out within the Baltic Sea countries (Anon.

1979, HELCOM 1983, Leppanen et al. 1991) the critical point in

the phytoplankton analysis is the species identification. The

confidence limits of the actual counting procedure, as deter-

mined by counting culture samples or easily detectable and

identifiable species, have generally been near the theoretical

values of Lund et al. (1958).

The group therefore decided that the main effort during this

intercalibration workshop will be laid on species identification

problems.

2.2 Material an8 methods

2.2.1 Species iaentification intercalibration

During spring and summer 1990 altogether four water samples,

preserved with Lugol+Aa solution were sent to the members of the

phytoplankton group. Additionally the sample taken for the

counting intercalibration was analyzed for species composition.

The samples were as follows:

date station name depth lat. long.

19.4.1990 Stevens Klint (BMP K6) O-10m N55O16.3 E12O34.5

20.4.1990 LL19 5 m N58O53.0 E20O18.8

04.7.1990 Kiel Lighthouse 5 m N55O30.0 EIOO1O.O

31.7.1990 BMPJl l m N57O19.2 E20O03.0

29.8.1990 Visby

50 ml subsample was sedimented on a counting chamber. The species

of the samples were identified and a rough estimation of their
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abundance (1 = dominant....5 = scarce) was indicated.

In Visby the group mostly concentrated on microscopical work.

The species composition of the samples was discussed during the

workshop. Two high level taxonomy teachers - Dr. Bo Sundstrijm

and Dr. Karl Tangen gave lectures about the taxonomy of the

diatoms, flagellates (Sundstrom) and dinoflagellates (Tangen) as

well as examined samples together with the participants. Also

other samples including living samples taken during the workshop

and preserved samples from different sea areas were analyzed.

Some dinoflagellate species were studied from living and

preserved culture samples. A microscope equipped with video-reco-

rder was found to be an excellent tool for all discussions.

2.2.2 Counting intercalibration

During the intercalibration workshop in Visby a water sample of

500 ml and a net sample, both preserved with Lugol+Aa solution

were distributed to the group members for the counting inter-

calibration. For one laboratory, however, a sample of 15 1 was

given because the method used by that laboratory requires larger

sample volume. The samples were taken from the same water as

samples for the primary production and chlorophyll-a measure-

ments.

The species composition of the counting intercalibration sample

was analyzed during the workshop.

Five most abundant taxa were counted in order to find out the

variability in counting. The minimum number of units to be

counted was 50 for all species. The species were selected so that

they represented all size classes. The species counted were:

Taxon Magnif.- Counting
of obj. unit

Aphanizomenon flos-aquae

Aphanizomenon flos-aquae filament

10x

10x

loo un
filament

whole
filament
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Chaetoceros danicus solitary cells 10x

Chaetoceros danicus cells in chains 10x

Pyramimonas sp. 40x

Cryptomonadales sp.B 40x

Katodinium rotundaturn 40x

cell

cell

cell

cell

cell

Five 50 ml subsamples were sedimented and counted by the
participants in their own laboratories for checking out the

variability between labs. For checking out the variability
within laboratories one of the subsamples was counted five times.

The countings were done according to the Guidelines for the

Baltic Monitoring Programme for the Third Stage (HELCOM, 1988).

However, one laboratory, number 9, used the reversed filtration
technique (Sournia 1978) to concentrate the subsamples and then

counted in a 0.02cm3 slide with standard (not inverted) light
microscope.

2.3 Results

Results were received from following laboratories:

FRG

Sverige

USSR

Denmark

Finland

Denmark Marine Identification Agency, Copenhagen.

(Bo Sundstrijm)

Finnish Institute of Marine Research, Helsinki

(Maija Huttunen)

National Board of Waters and Environment,

Helsinki (Liisa Lepisto, Pirkko Kokkonen,

Maija Niemela)

Institut fiir Meereskunde, Kiel

(Regina Hansen, Jaenette Gijbel)

Institut fiir Meereskunde, Warnemiinde

(Kate Kunert, Giinter Breuel)

University of Restock (Eugen Kiihner)

Swedish Environmental Protection Agency, Uppsala

(Susanna Hajdu)

Hydrometeorological Observatory of Klaipeda

Klaipeda (Irina Olenina)
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2.3.1 Species identification

Results were reported by 8 laboratories representing 12 phyto-

plankton specialists. From one laboratory two separate lists were

reported. Three participants reported species lists from all five

samples, the rest only part of them (Table 1).

Tab.1 Number of species identification intercalibration lists

received from the participants

Sample Number of lists

Stevens Klint a

LL-9 a

Kiel lighthouse 6

BMPJl 4

Visby 7

Taxa or groups (TU:s) in the original lists.

The number of taxa or groups of phytoplankton reported by the

participants from a single sample varied by a factor of two to

over a factor of three (Table 2.A).

Tab.Pa Number of taxons or groups (TU:s) reported by the

participants. The original lists. Total = total number

of different TU:s reported by the participants.

Sample Participant no

1 2 3 4 5 6 7 8 9 Total

Stevens Klint 42 33 12 17 30 30 43 22 146

LL-9 23 25 18 15 34 24 36 27 114

Kiel Lighthouse 27 17 20 31 25 33 95

BMPJl 15 49 30 30 ai
Visby 28 11 39 23 36 30 39 97
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Tab.Pb Number of taxons or groups (TU:s) registered in the revised

lists. Total = total number of TU:s after revision

Sample Participant no

1 2 3 4 5 6 7 8 9 Total

Stevens Klint 31 25 12 17 36 32 40 26 90

LL19 18 21 16 12 26 24 37 27 50

Kiel Lighthouse 27 17 20 31 25 33 54

BMPJl 15 49 30 29 57

Visby 24 12 35 28 34 36 39 71

In the sample BMPJl only 6% of all 81 reported units were

reported by all participants. In the Stevens Klint sample not

any of the 146 different taxa or groups was registered with the

same name by all participants (Table 3) .

Tab.3 Number of taxons or groups registered in common by (A)

all participants and (B) half or more of the partici-

pants in original and revised lists.

A. Number of TU:s B. Number of TU:s regis-
registered by all tered by 50% or more of
participants the participants

Sample Original Revised Original Revised

Stevens Klint 0 2 a 22

LL19 3 5 311 ia
Kiel Lighthouse 3 5 10 20

BMPJl 5 a 23 29

Visby 4 a 24 24

Taxa or groups (TU:s) in the revised lists.

During the Visby meeting it became evident that several of the

TU:s reported could be grouped under common labels. Thus, in the

one sample discussed by the participants during the meeting -

Stevens Klint, 19.4, 1990 - the number of TU:s could be reduced
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from 146 to 90 through the agreement that several of the original

TU:s, in fact, denoted the same taxon or limited group of

organisms (Table 2B. as compared to 2A.) Subsequent compilations

made by Bo SundstrZjm of the lists of the four other intercalibra-

tion samples also resulted in significant reductions of the

original numbers of TU:s. The revised lists are presented in

annex 1-5.

2.3.2 Counting

Counting intercalibration was participated by 7 laboratories.

Counting of 5 parallel samples

The cell number results obtained from the countings of 5 parallel

chambers are represented in table 4. and Fig. 1. The highest

total variability was found for the small flagellates, Pyramimom-

as spp. (cv% 90) and Cryptomonadales sp. B (cv% 82). This was

mainly caused by exceptionally high cell numbers reported by one

laboratory (lab. 4). If these values were omitted, the cor-

responding cv%:s would be 39% and 38% respectively.

Intermediate total variability values were resulted for C.

danicus (cv% 56 and 61) and K.rotundatum (cv% 60). The high cv%

of K.rotundatum was a result of the fact that generally less than

the suggested 50 cells were found in the samples. For C. danicus

results were reported only by 5 labs. The participants commented

that there were a lot of empty cells even more than 50%, in the

sample. One lab. counted empty and full cells separately, two

only the cells with contents, one lab both together and one did

not give information which kind of cells were counted. Thus the

high variability was caused probably by the confusion whether

only cells with cell contents should be counted or should also

empty cells be included. Moreover the amount of cells counted was

hardly reached the suggested 50.

Lowest total variability was found for A. flos-aquae, for which

counting of whole filaments resulted somewhat lower cv%:s (16)

than counting of 100 urn filaments (cv% 25). The reason for low

cv% was that generally much more than 50 filaments, sometimes

even over 1000 had been counted.
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TABLE 4. Sumnary statistics of the countings  of 5 parallel chambers. (cells or filaments x dmm3)

Lab.no n min max mean std cvx

Aphanizomenon flos-aquae 2 5 23900 26000 24656 849 3
(100 um fiiaments) 4 5 28511 40129 33849 4659 14

5 5 24320 27840 25440 1405 6
6 5 16500 32400 24720 6002 24
7 5 15600 27200 21800 4313 20
8 5 17822 28516 22226 3912 18
9 5 14220 18071 16531 1545 9

total 35 14220 40129 24174 5953 25

Aphanizomenon flos-aquae
(uhole filaments)

Chaetoceros danicus
(solitary cells)

Chaetoceros danicus
(cells in chains)

Pyramimonas spp.
(cells)

Cryptomonas sp. type B
(cells)

2 5 12320 14840 13452 901 7
4 5 16077 21980 18591 2656 14
5 5 13920 17120 15016 1255 8
6 5 13500 20700 17100 3125 18
7 5 11600 172Oq 14600 2383 16
8 5 12163 16566 14763 1681 11
9 5 13509 18960 16614 2461 15

total 35 11600 21980 15734 2594 16

2 5 1240 1920 1644 259 16
4 5 2198 3077 2562 318 12
5 -
6 5 1160 2100 1696 404 24
7 5 1400 1960 1600 228 14
8 -
9 5 3591 6237 4801 1210 25

total 25 1160 6237 2461 1366 56

2 5 2220 2760 2516 193 8
4 5 2198 3831 3153 673 21
5 -
6 5 940 1120 1004 77 8
7 5 1800 2000 1880 80 4
8 -
9 5 3894 6715 5585 1431 26

total 25 940 6715 2827 1712 61

2 5 198531 227943 215034 12832 6
4 5 1294298 1721542 1550644 194388 13
5 5 330150 386595 352728 26831 8
6 5 424000 592000 494400 63850 13
7 5 281600 420800 353920 49566 14
8 5 373758 470902 416238 44644 11
9 5 109697 162641 135142 22432 17

total 35 153596 1419958 352486 28847 90

2 5 153596 200165 178433 18292 10
4 5 691130 1419958 970095 293141 30
5 5 177855 224715 196599 21808 11
6 5 384000 464000 422400 29611 7
7 5 278400 358400 306560 33055 11
8 5 167944 302358 221620 49417 22
9 5 155583 184860 171691 10944 6

total 35 153596 1419958 352486 288471 82

Lab.no n min max mean sta cv%

Katodinium rotundatum 2 5 2304 3968 3123 650 21
(cells) 4 5 11811 28900 19601 6561 33

5 5 22365 29820 25560 3105 12
6 5 30000 60000 40000 12961 32
7 5 15680 17600 16512 737 4
8 5 23051 42809 34906 7845 22
9 5 13746 14813 14125 420 3

totaL 35 2304 60000 21975 13196 60
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Fig. 1: Results from the counting of 5 parallel samples
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Individual variability (within laboratories) was found to be

considerably lower. For all species the variability was below

35%.

Five repeated countings of one chamber

Results of cell numbers are presented in table 6. and Fig. 2.

For all species the variabilities were within the same range as

found for individual countings of 5 parallel samples.

2.3.3 Biomass values

The species mean plasma volumes used for biomass calculations by

the laboratories are presented in table 6:

Tab.6 Mean plasma volumes of the species used for biomass

calculations.

Participant number

Species 2 4 5 6 7 8 9

A. flos-aquae 1964 1818 1600 2400 1500 1318 1273

C.danicus 1767 1900 1000 1000 - 4544

Pyramimonas sp. 28/153 227 24 800 110 38 230

Cryptomonadales B 78 227 190 100 50 35 57

K. rotundaturn 42 318 580 600 110 231 135

Great differences were found between the values used for biomass

calculations especially in the group of small flagellates

(Pyramimonas sp. range 24-800 um3, Cryptomonadales sp. B 35-227

um3, K. rotundaturn 42-600 um3). The biomass values based on the

average cell number obtained from 5 parallel samples and species

mean plasma volumes are presented in Fig. 3. Remarkable differen-

ces between biomass values were resulted as a cumulative effect

of differences in cell numbers and species volumes.
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2.3.4 comparison of the importance of different variation
sources

The sampling design of the experiment resulted information about

three different hierarchical levels of variation sources:

Level 1 variability reflects differences caused by (1) subsam-

pling the 500 ml aliquots which were delivered to the

participants in Visby and (2) variation caused by differences in

sample treatment (like storing, microscope equipment, knowledge

of taxonomy etc.) between laboratories. The design used in this

experiment did not allow to separate between these two variation

sources.

Level 2 variability was caused by subsampling for sedimentation

chamber.

Level 3 variability was resulted from the counting procedure.

Based on the assumption of homogenous distribution of cells on

the chamber it should follow the predictability according the

Poisson-distribution.

The importance of the three variability levels was tested by the

nested variance analysis (SAS software, proc. NESTED). The

results are presented in Table 7.
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TABLE 5. Sucrnary  statistics of the 5 repeated countings of the same chamber (cells or filaments x dmm3)

Lab.no n min f&3X mean std cv%

Chaetoceros danicus 2
(solitary cells) 4

5
6
7
a
9

Chaetoceros danicus 2
(cells in chains) 4

5
6
7
a
9

Pyramimcnas sp. 2
(cells) 4

5
6
7
a
9

Cryptcmcnades sp. type a 2
(ceLlsI 4

5
6
7
a
9

Katodinium rotundatum 2
(cells) 4

5
6
7
a
9

Aphanizcmenon 2
flos-aquae 4
(100 um fiLamentsI 5

6
7
a
9

Aphanizcmenon 2
flos-aquae
(whole filaments) s"

6
7
a
9

5
5
5
5
5
5
5

5
5
5
5

:
5

:

5

5

5
5

5
5

5

5
5

:

:
5

5
5
5
5
5
5
5

5
5
5
5
5
5
5

23180 25500 24280 880 4
27417 34776 30355 2960 10
24640 29200 27472 1723 6
24300 32400 29280 3027 10
20200 24200 22800 1594 7
24742 28516 27006 1640 6
16590 18960 17579 946 5

12000 12580 12272 209 2
16328 la086 17132 782 5
10800 la000 15760 2869 la
la600 22200 20100 1407 7
15000 16800 16000 787 5
9017 12163 10695 1129 11
15326 la368 16168 1291 8

920 1240 1048 125 12
2512 3769 3190 573 18

1940
1400

4480

1940 1940 0 0
1520 1440 49 3

6237 5205 675 13

2135
2520 2152 286 13
4773 3228 1219 38

1120 1120 1120 0 0
la00 1960 1864 aa 5

4740 6715 5517 725 13

175655 222224 193139 17347
1633580 1784372 1708976 61561
309915 362100 338031 20604
304000 544000 436800 90439
358400 420800 399360 25913
434679 500539 478805 27215
94208 143977 116218 18294

9
4

2:
6
6

16

130720
741394
208740

153596 140034 a942 6
106allo 864541 137768 16
227910 221520 8146 4
584000 494400 72752 15
331200 320320 7552 2
329302 297806 33381 11
184860 172070 13340 a

312000
240977
154642

3072 3968 3558 367 10
18345 23622 22165 2157 10
21300 29820 25347 3401 13
16000 34000 24400 6387 26
15360 18240 16768 1167 7
29637 39516 34906 4994 14
13746 16590 14562 1156 a
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Fig. 2: Results from 5 repeated countings  of same chamber (cells or filaments * dm3 )

Aphanizomenon flos-aquae (100 urn filaments) Aphanizomenon flos-aquae  (whole fil)

401 2so

Chaetoceros danicus (solitary cells)

Pyramimonas sp.

2 4 5 B 7 9

Katodinium rotundatum

=I2

4o t llr? I

Chaetoceros danicus (cells in chains)

*3

2 4 e 7

Cryptomonadales sp. type 8

iaco I

2 4 5.8 7 6 9

2 4 5 8 7 3 3
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Fig. 3: Biomass values (mg dm3) of the species based on the

average cell number of 5 parallel samples and species mean

volumes used by the laboratories.

Aphanizomenon flos-aquae

ff*071

Pyramimonas sp.

OSS#

Katodinium rotundaturn

Omo3  I

Chaetoceros danicus

Cryptomonas sp. B
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Tab.7 Percentage of variance accounted for the three variance

sources: laboratory (level l), parallel chamber (level

2), repeated counting (level 3):

Species Percentage of total variance accounted for
Level 1 Level 2 Level 3

A. flos-aquae
100 urn fil.

59 28 13

A. flos-aquae
whole fil.

38 39 23

C.danicus, 86 7 7
solitary cells

C. danicus 87 0 13

Pyramimonas sp. 97 2 1

Cryptomonadales 86 9 5

K. rotundaturn 68 23 8

It was found that for all species except A.flos-aquae (whole

filaments) the most important variation source was that between

laboratories and the least important was the counting procedure.

For filaments of A. flos-aquae the variation caused by subsam-

pling to chambers was equal to differences between laboratories.

This is certainly due to the stick-like clump-formation of this

species. As could be expected also the variability found in

counting was highest for species occurring in chains or clumps

(C. danicus, cells in chains, A. flosaquae, whole filaments).
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2.4 Discussion

Phytoplankton as primary producers in the marine environment is

with good reasons a fundamental object for monitoring programmes

in the seas. Recent evidence and development in eutrofying marine

environments points out that not only the amount of primary

production, but changes in the qualitative composition of

phytoplankton are of great importance in the eutrophication

process. Blooms of harmful algal species have become a frequent

phenomenon all over the world seas, and also the Baltic Sea.

The results of this intercalibration show that within the Baltic

Monitoring Programme the identification and naming of taxa are

the critical points in phytoplankton analysis and that, at the

present level of coordination, it is difficult to compare

phytoplankton data from laboratories on a scientifically

meaningful level.

Although it can be assumed that all participants in the inter-

calibration experiment are well experienced in the identifica-

tion of phytoplankton, it is obvious that the "schoolingt' varies.

Thus, the cause of the "identification problem" is hardly to be

found in varying abilities to recognize morphological par-

ticularities in phytoplankton, but rather in the fact that

individual phytoplankton analysts have different lltaxonomicalll

backgrounds. This is also reflected in the results of the

counting experiment, in which the variation observed was in

accordance with the methodological noise expected from values in

Lund et al. (1958).

The Baltic monitoring samples are in most cases analyzed as

preserved. During the Visby meeting according to the comparisons

made between living and preserved samples it became clear that,

especially concerning flagellates and dinophyceans, at the

present stage it is often impossible to make identifications on

the species level.
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The counting itself was proved to be acceptable reflecting the

variation caused by methodological noise according to estima-

tions presented by Lund et al. (1958). Counting of 50 cells, as

was decided to be done, should result maximum error of + 5o%,

whereas the cv%:s obtained from 5 repeated countings of same

chamber were in all cases except one below 30%. The main source

of total variation was the differences between laboratories. For

several species this could be accounted for confusions in

identification or whether empty diatom frustules should be

counted or not. At present all labs participating the BMP still

do not use inverted microscope. The species mean volumes used

for biomass calculation also differed remarkably. A good volume

calculation is really necessary to obtain a reliable total volume

biomass result.

The group also discussed the HELCOM data reporting formats for

phytoplankton and it was realized that the present format does

not allow additional information about phytoplankton taxa, e.g.

cell dimensions, developmental stages, trophy etc. In order to

facilitate the presentation and treatment of phytoplankton data

it is, therefore, necessary that the data reporting format will

be revised so that these types of information can be reported.

In summary this intercalibration experiment showed that there is

a serious lack of coordination between laboratories especially

concerning the naming of phytoplankton. At the present level of

coordination, quantitative and qualitative phytoplankton data

are, at the most, scientifically comparable only at the local

level and, probably only when data originating from one analyst

are compared. Species identification could be easily unified

through the discussion of results between the participants and

through the discussion of results between the participants and

with the guidance of taxonomists.
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2.5 Recommendations

To assure a scientifically acceptable level of phytoplankton data

presentation it is necessary to:

1. Coordinate the analyzing procedures of all laboratories

involved in the Baltic Sea Monitoring Programme. This should

include

- an appointment of a phytoplankton coordinator - preferably a

taxonomist for the Baltic Sea area

- regular meetings of the phytoplankton analysts on yearly basis

- agreement upon common nomenclature for certain groups of

phytoplankton

2. Accelerate the publishing of the phytoplankton identification

sheets.

3. Arrange courses on phytoplankton taxonomy and floristics for

monitoring personnel.

4. Ensure that all phytoplankton analysts have facilities,

including inverted microscopes, to analyze samples according

to the Guidelines. Moreover, an opportunity to analyze living

samples should be arranged, when possible.

5. Revise the HELCOM data reporting formats for phytoplankton.

Since some costs will be involved in the realization of the

recommendations it is necessary that the countries involved in

the Baltic Monitoring Programme agree to set new funds for these

purposes.
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23 ANNEX I.

Sample: Stevens Klint (BMP K 6) 19.4.1990

Species Laboratorv number
1 5 6 7 8

CYANOPHYCEAE
Aphanethece sp.
Gomphosphaeria sp.
M. reinboldii
Rhabdogloea clathrata
Aphanizomenon flos-aquae

4

5
3
+

3

5’

_ - _ _
+ + + 5

+ + 2
_ _ + -

+ + -

CRYPTOPHYCEAE
Cryptophyceae sp.
Cryptophyceae sp.
Cryptophyceae sp.
Cryptaulax sp.
Katablepharis sp.
K. ovalis

typec
type I3
tYPe A

1
+

5
4

+

5

5

5
5

;

5
5

5”
+

5

2

+
+

i

5

5
4

+

;

5
5

5

+

1
+

2 +
; 5 4 ;o
1 - 5 -

+- -
+- -
+- -

DINOPHYCEAE
Prorocentrum minimum
Dinophysis sp.
Dinophysis acuminata
Gymnodiniales sp. type A
A. crassum
Oxytoxum sp.
Gymnodiniales sp.
Gymnodinium sp. type V
G. cf. simplex
G. semidivisum
G. cf. lohmannii
Gyrodinium sp.
G. spirale
K. rotundatum
Peridiniales sp.
Peridiniales sp.
Peridinella catenata
Gonyaulax triacantha
He terocapsa triquetra
Oblea rotunda
Protoperidinium brevipes
P. granii
P. pellucidum
Protoperidinium sp. 45 urn

70 urn
Ebria tripartita
Scrippsiella cf. trochoidea
Dinophyceae (unident.)

PRYMNESIOPHYCEAE
Chrysochromulina sp.
Prymnesiophyceae sp.

CRASPEDOPHYCEAE
Monosiga sp.

+
+

5

1

+

+

_ _ _ _
_ _ _ _

+ + + +
+ + -

+- +-
- - _ +
+ + + -

3 ++
2- +9
+_ _ _
_ _ + -
_ _ _ 6
+_ _ _
4- + +
_ - _ +
_ _ + +

+ + -
+ + + +

+ + +
+- +

+ + -  -
+- - _
_ _ + -
- _ _ +
_ _ _ _

+ + + +
_ - _ _
_ _ _ _

+ + + +
- _ _ _

_ _ + -



PRASINOPHYCEAE
Pyramimonas cf.virginica
Pyramimonas sp.
Tetraselmis sp. 6 urn

CHRYSOPHYCEAE
D. balticum
Pseudopedinella tricostata

EUSTIGMATOPHYCEAE
Nannochloris sp.

BACILLARIOPHYCEAE
Eupodiscales sp.
Actinocyclus octonarius
Chaetoceros sp.
Chaetoceros sp. 5x2.4 urn
C. danicus
C. gracilis
C. ceratosporus
C. subtilis
C. similis
2 x 9.6 urn
Rhizosolenia fragilissima
R. minima
Thalassiosira sp.
T. angulata
T. baltica
T. punctigera
T. levanderi
Thalassiosira sp. 45 urn
Skeletonema costatum
S. subsalsum
Gyrosigma sp.

EUGLENOPHYCEAE
Eutreptiella sp.
Eutreptia Ianowii
Trachelomonas sp.

PRASINOPHYCEAE
Pedinomonas sp.
Scourfieldia sp.
Micromonas pusilla
Halosphaera colonies 50 urn
Mantoniella squamata
N. pyriformis
N. minuta
Pyramimonas sp.
P. virginica
Ochromonas sp.

CHLOROPHYCEAE
Oocystis sp.
Nannochloris coccoides
Planktonema lauterbomii
Polytoma sp.
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4

_ _
_ _
_ _

_ -
_ -

_ -

_ -
_ _
_ _
_ _
_ _

5
_ _
_ -
_ _
_ -

5
_ _
_ _
_ _
+ 4
_ _

4
_ _

z
_ _

_ _

+ -
_ _

_ -
_ -
_ -
_ -
_ -
_ _
_ _
_ _
_ _
_ -

2 5
_ -
+ -
_ _

3

+

+
+

+

+

+

+

+

+

+

+
+

5’
+

+

+

- - _
- _ _
- - _

+2 8
+- -

1 - -

+- -
_ _ _

+ -
_ _ -
_ _ _
_ _ -
+- -
+ + +
_ _ +
_ - -
_ _ -
_ _ _

+ -
_ _ +
_ - -
_ _ _
_ - -
_ _ _
_ _ _
_ - -
_ - -

+ + +
_ - -
_ _ _

+ + -
f- -

+ -
_ _ _
_ _ -

+ -

+ 3 10
_ _ _

+ -

1 : -+
+ -

+- -
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Choanoflagellates spp.
Flagellates (unident)
Ultrapankton < 2 urn
Mesodinium rubrum

_ - _ _ _ 4 +4
+-- - 1- - ++

+ -
; ;:: ;: +_



2 6 ANNEX 2.

Sample:  LL19  20.4 1990

Laboratory  number

CYANOPHYCEAEA
Ap hanothece sp.
Gomphosphaeria sp.
Microcyst is  re inbold i i
Anabaena subcylindrica
Ap han izomenon flos-aquae

CRY PTOP HYCEAE
Cryptomonadales type A
Cryptomonadales type 6
Leucocryptos marina

DINOPHYCEAE
Dinophysis acuminata
Dinophysis acuta
Di nophysis sp.
Amphidinium sp.
Gonyaulax catenata
Gonyaulax tr iacantha
Oblea rotundata
Naked dinos 6- 10 urn
Naked dinos lo- 15 urn
Naked dinos 15-20 urn
Gymnodinlum  sp.V
Naked dinos 20-40 urn
Gyrodinium spp.
Katodinium rotundatum
Glenodinlum  sp.
Protoper id in ium b ipes
Protoper id in ium spp.
Eb r i a  t r i pa r t i t a
Dinophyceae sp. 14 urn
Dinophyceae sp. 25-35 urn
Unidentif ied dinoflag.

CHRYSOPHYCEAE
Ochromonas sp.

Pseudopedinella tr icostata

EUSTIGMATOPHYCEAE
Nannochloropsis sp.

1 2 3 4 5 6 7 8

- _ 7
+ 5 + + + 10

+ - + - + -
- _ + - - -

5 + + 5 + - + +

1 - - + + + +

1 1 + - + 3 4 8
- - 5

5 5 + 5 + + + +
- - + -

+ 4 - - - -

+ - + + + -

2 5 4 2 + 5 2 +
- - - + -
- _ + - -

3 2 - - - - - -
2 _ - f - - -
2 _ - - - 1 -
- - - + - + +

5 2 - - + - - -
4 5 - - + - + -

- _ + - + -
5 - 2 - - - - _

5 5 + 5 + + f +
55-5+-+6
5 5 + - + f + +
4 - _ - - - - -
3 - _ - _ - - -

- _ 1 _ - - -

- - + - +

- - + + + -

- _ 1 - -

BACILLARIOPHYCEAE
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Eupodiscales sp.
Chaetoceros wighamii
Chaetoceros ceratosporus
Chaetoceros subti l is
Skeletonema costatum
Thalassiosira cf. levanderii
Thalassiosira bal tica
Achnan tes taen iata
Ni tzschia longissima

EUGLENOPHYCEAE
Eutrep tie1 la sp.

PRASI NOPHYCEAE
Pyrami monas sp.

CHLOROPHYCEAE
Monoraphidium contortum
Oocystis sp.

MISCELLANEOUS
Choanoflagellates
Mesodinium rubrum
Miscellaneous 3-6 pm
Miscellaneous 6- 10 pm
Unidentif ied f lagellates

- - + - -

s----++
- - - + + + +
- - + + +

5 5 + 4 - 4 + 4
5 5 5 5 + + 3 3

5 + 4 + + + f
+ - _ _

5 - - - _ - +

2 1 3 - + + 5 9

1 - - + 2 + -

+ - f + + +
- - + +

- _ + + +

5 - - - + - + _
- _ - + 1

3 - - - - _ + 2
- _ 2 - - + -
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ANNEX 3.

Sample: Kiel- l ighthouse 4.7 1990

Laboratory number

CYANOPHYCEAEA
Gomphosphaeria sp.
Merismopedia punctata
Microcyst is  re inbold i i
Achroonema cf. ien turn
Anabaena cf. inaequalis
Aphanizomenon f los-aquae
Nodularia spumigena
cf. Synechococcus
Chroococcaceae sp.

CRYPTOPHYCEAE
Cryptomonadales type A
Cryptomonadales type 6
Leucocryptos marina
cf. Rhodomonas minuta

DINOPHYCEAE
Pro rocen t rum micans
Dinophysis norvegica
Am phidinium sp.
Gonyaulax spinifera
Cerat ium tripes
Cerati urn fusus
Heterocapsa tr iquetra
Armoured dinos spp
Naked dinos spp.
Katodinium rotlundatum
Ebr i a  t r i pa r t i t a

CHRYSOP HYCEAE
Dinobryon petiolatum
Dinobryon balticurn
Calycomonas spp.
Distephanus speculum
Monochrysis sp.
Ochromonas sp.

EUSTIGMATOPHYCEAE
Nannochloropsis sp.

BACILLARIOPHYCEAE
Cerataulina pelagica
Chaetoceros danicus

1 s

+
+

+

+

1

+
+

+
+
+

2

+

+

+
+

4 5

+

+

+

+
+

+
+
+

+
+
+

+
+

+
+

+

+

6

+
+

5

+

+

+

-

+
+

+
+

+
+

1

7 8

+
f

+
4
+
+
1
2

f
8
5

+
+

+
+
+
+
+

+

9
+
+
+

+
+
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Chaetoceros socialis
Cosci  nodi scus radiat us
D i t y l um b r i gh twe l l i i
Proboscis alata
Rhizosolenia fragi l issima
Rhizosolenia minima
Skeletonema costatum
Thalassiosira angulata
Thalass ios i ra  baltica
Thalassiosira leptopus
Ni tzschia c loster ium
Nitzschia sp.
Thalassionema ni tzsch.
Eupodiscales sp. 3um
Pennales  SD.

P RASI  NOP HY CEAE
Pyramimonas sp.

CHLOROP HYCEAE
Monoraphidi urn contortum
Oocystis sp.

MISCELLANEOUS
Miscel laneous l -3  urn
Miscel laneous 6- 10 urn
Unident i f ied f l .  25*19  urn

5 - -

5 - -
_ -

4 + 5

- -

+

+

5 + 4
- -

5 - -

5 + -

- -

4 - -
5 - -

-

+ -
+ +

+ -

+

+ +

+

+

+ +

10
+

5

+
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A N N E X  4 .

Sample: BMBJl  3 1.7 1990

Laboratory  number

CYANOPHYCEAEA
Aphanothece sp.
Gomphosphaer ia sp.
Microcyst is  re inbold i i
Anabena spp.
Aphan izomenon flos-aquae
Nodularia spumigena

CRY PTOPHYCEAE
Cryptomonadales type A
Cryptomonadales type B
Cryptomonadales type C
Katablepharis spp.

DINOPHYCEAE
Prorocentrum bal t icum
Dinophysis norvegica
Dinophysis rotundata
Amphid in ium crassum
Cerati urn furca
Ceratium tr ipos
Gonyaulax catenata
Gonyaulax grindleyi
Naked dinos 6- 10 urn
Naked dinos lo- 15 urn
Naked dinos 15-20 urn
Naked dinos 20-40 urn
Gyrodinium glaucum
Gyrodinium spp.
Katodinium rotundaturn
Eb r i a  t r i pa r t i t a
Dinophyceae sp. 8 urn

CHRYSOPHYCEAE
Dinobryon petiolatum
Calycomonas wulff i i
Ochromonas sp.
Pseudopedinella tr icostata

BACILLARIOPHYCEAE
Actinocyclus octonarius
Chaetoceros danicus
Chaetoceros subti l is
Cyclotella caspia

1 2 3 4 5 6 7 8

+
+ 2 ; +
+ + 3 +
+ + + -
+ 1 4 3
+ 3 + +

+ + + +

+ 5 + +
+ + - -

+ -

+ - +
+ - +
+ -
+ -
+ - -
f - -
+ -
+ -

+
+ +
+
+ + +

+
+

+ -

+ - +
+

+ + +
+ - +

+
+ +

+ - -
+ + +

+
+
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Rhizosolenia minima
Thalassiosira cf. pseudonana
Nitzschia sp.
Tabellaria f locculosa

PRYMNESIOPHYCEAE
Chrysochromulina sp. 3 urn
Chrysochromulina spp.
Prymnesium sp.
Pav lova S D.

EUGLENOPHYCEAE
Eutrep tie1 la sp.

PRASI NOPHYCEAE
Mantoniel la squamata
Pyram i monas sp.
Pyram imonas vi rgi nica

CHLOROPHYCEAE
Chlamydomonas sp.
Polytoma sp.
Botryococcus brauni i
D ic tyosphaer ium pulchel lum
Monoraphid ium contor tum
Oocystis borgei
Oocystis lacustris
P lanktonema lauterborn i

MISCELLANEOUS
Monad 3 Drn
Monad spp

+

f

+ -
+ +
+ + +

+ -

4 - -
+ + +
+ - -
+ - -

+ -

+ - -
+ + +
+ -

+ -
+ -

+
+ - -

+ + +
+ +

f +
+ + +

1 +
2 +
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Sample: Visby 29.8 1990

Laboratory number 123456 7. 8 9

CYANOPHYCEAEA
Achroonema sp.
Microcystis reinboldii
Anabaena baltica
Ap han izomenon flos-aquae
Nodularia spumigena

CRY PTOP HYCEAE
Cryptomonadales type A
Cryptomonadales type B
Cryptomonadales type C
Chroomonas acuta
Katablepharis ovalis
Leucocryptos marina

DINOPHYCEAE
Prorocentrum micans
Prorocentrum minimum
Dinophysis acuminata
Dinophysis cf. baltica
Dinophysis norvegica
Dinophysis rotundata
Amphidinium sp.
Ceratium lineatum
Ceratium tripos
Gonyaulax spi nifera
Gonyaulax triacantha
Gonyaulax grindleyi
Gonyaulax verior
Oblea rotundata
Naked dinos lo- 15 urn
Naked dinos 15-20 urn
Naked dinos 20-40 urn
Gymnodinium sp.V
Gymnodinium simplex
Gym nodinium cf. splendens
Katodinium rotundaturn
Katodinium glaucum
Diplopsalis group
Protoperidinium granii
Protoperidinium ovatum
Protoperidinium pellucidum
Scripsiel la trochoidea
Peridiniales spp.

+
+

+

+

+ -
+ _ - -

+
+ + 4 5 + +
+ + - + + +

+ - + +
+ + + ; + +

+ + + + +
+

+ _ _ -

+ - + 5 -

+ - +
+ - - + +

+ + + + + -
+ -

+ - + + +
+ - + + -
+ - +
+ - + -

-I.

+ - _ - -
+ _ - _

+ + -
+ -

+ -
+ + + + + +
+ + + + + +

+ + -
+ - + + +
+ - + - +

+ + + -
+ + + 4 + +

+ -_ - -
+ -_ - -

+ -
+  -_--
+
+ - -

+ - - +
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Helgolandinium subglobosum
Ebria tr ipar tita +

+
+ + + + +

CHRYSOPHYCEAE
Ochromonas sp.
Pseudopedinella tr icostata
Pseudopedinella pyriforme
Apedinella spinifera
Distephanus speculum

+ + - -
+ + + + -
+ + + f -

+ - -

+

+

PRYMNESIOPHYCEAE
Chrysochromulina sp.
c f .  Prymnesium parvum

+ + + + +
+

BACILLARIOPHYCEAE
Actinocyclus octonarius
Chaetoceros danicus
Chaetoceros cf. tenuissimus
Melosira sp.
Rhizosolenia f rag i l iss ima
Skeletonema costatum
Coscinodiscus radiatus
cf. Cyclotella sp.
Achnantes taeniata
Diatoma elongatum
Ni tzschia longissima

+

+
+
+

+ +
+

+
+
+

+
+

+

c

+

+

EUGLENOP HYCEAE
Eutreptiel la sp.
Euglena sp.

+ - f + + f
+

PRASI NOPHYCEAE
Pyramimonas cf. virginica
Pyrami monas sp.
Nephroselmis sp.

3 3 + +
+ - 1 1 + ++

+

CHLOROP HYCEAE
Oocyst is borgei
Oocystis sp.
Monoraphid ium contor tum
Scenedesmus intermedius

+ f

+ + + + + + +
c

+

MISCELLANEOUS
Coenochloris cf. planoconv.
Mesodinium rubrum
Unidentif ied small f lagellates

+

+ - -
+ + -

+ - + -
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3. REPORT OF THE WORKING GROUP ON PHYTOPLANTKON

PRIMARY PRODUCTION

3.1 Participating countries/institutes/persons

Sweden SMHI Gijteborg

UMF Ume&

Inst. System Ecology, Ask6

Finland FIMR Helsinki

Denmark Inst. Environmental Research

USSR State Oceanogr. Inst., Moscow

FRG Inst. Marine Research

GDR Inst. Marine Research

E.-G. Thelen
A. Taglind
J. Szaron
L. Wennberg
A. Hagstrijm
T. Lundberg

J.- M. Leppgnen
I. Kuparinen
L. Gronlund

G. Aertebjerg
I. Nielsen

V. Andrjuschenko

A. Helms
P. Fritsche

S. Schulz
(Convener)

3.2 Primary Production Experiments

3.2.1 During the Workshop at 28 and 29 August two different

experiments, A and C, were carried out.

In Experiment A, similar to the monitoring procedure every

laboratory used its own 14-C-solution, filters as well as

equipment and counted the activity of the filters with

their own counter.

In Experiment C, all laboratories used the same 14-C-

solution and type of filters supplied by the organizer.

The activity of the filters was measured at an

scintillation counter on board RV ARANDA.

In all experiments ten parallel light and three dark

samples were used. The experimental water for the

exclusively used mixed samples was kindly prepared by G.

Aertebjerg and colleagues. The water was gathered at a

site in the Sound (for experiments at 28 August) and at a

site 12 nm off Visby at 29 August, where ships carried out

field sampling.
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3.2.2 Beside the incubator experiments three laboratories,
supplied with the corresponding filter equipment, performed

experiments for comparison of PI-curve estimation.

3.2.3 The participating Swedish labs from UmeA and Askij carried

out in situ measurements at the experimental site off Visby

at 29 August. Results of this exercise, hardly in any case

to compare with the workshop procedure, have not been

received.

3.3 Additional experiments and measurements

3.3.1 The irradiance of the incubators was measured. The results

are compiled in Tab. 1.

3.3.2 At 29 August all ships observed the sight depth by using

the Secchi disk. The results of the readings are compiled

in Tab. 1.

3.3.3 The activity of the 14-C-solution used by the participating

laboratories was checked. The activity is given in Tab. 2.

3.4 Results

3.4.1 Experiment A

The results of experiment Al are compiled in Fig.1.

The USSR did not take part in this experiment. The median

values covered a range from 9.3 mg C me3 h-l (RV ALKOR) to

13.8 mg C mm3 h-' (RV ARANDA). The overall average accounted

for 11.73 mg C mm3 h“ with a standard deviation and a

coefficient of variation of 1.95 and 16.61% respectively.

The 95% confidence intervals are displayed in Fig. 2. They

show that at least two averages are significantly different

from three others.

In Fig.3 the results of experiment A2 are given. The median

values ranged from 9.2 mg C rns3 h“ (RV ARGOS) to 13.3 mg C
m-3 h-1 (RV GUNNAR THORSON). The overall average was 11.37
mg C me3 h-' with standard deviation and coefficient of

variation of 1.87 respectively 16.42%.
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In Fig.4 the 95% confidence limits of the averages are

given. They show at least two groups with significantly

different means.

3.4.2 Experiment C

In Experiment Cl RV ARANDA did not take part. The results

are shown in Fig.5. The median values ranged from 7.4 mg
m-3 h-1 (RV LEV TITOV) to 17.1 mg C mm3 h-' (RV GUNNAR

THORSON).

The overall average was 12.25 mg C rns3 h-' with the

corresponding standard deviation 4.29 and coefficient of

variation 35.03 respectively.

The averages and 95% confidence intervals in Fig.6

exemplify the differences between the means and show that

5 averages are not significantly differing from each other.

The results of experiment C2 are compiled in Fig.7. The

median values ranged from 7.5 mg C me3 h-' to 13.5 mg C rns3

h-'. The overall average accounted for 10.54 mg C me3 h-'

with the standard deviation of 2.96 and the coefficient

of variation of 28.06 respectively.

In Fig. 8 the averages and the 95% confidence intervals

are shown. Again only 4 respectively 3 means are not

significantly different from the others.

3.4.3 PI-curve estimation

The results of the two experiments are compiled in Tab. 3.

3.5 Discussion

The results of the four experiments (Al, A2, Cl, C2) are rather

confusing. First of all the averages of the different

laboratories differ in some single cases and mostly also pooled

as small groups (2-3 labs) from the others. The standard

deviations are also considerable in the experiments and also

different from experiment to experiment. The high variability

within the groups might be caused by differences in filtration

technique. At least one lab noted long and uneven filtration

time. Generally the participants complained that the filtration

of the material caused when by using the SARTORIUS filters.
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Unexpected differences are also visible in the results of the

corresponding experiments Al, Cl and A2, C2. The grand mean in

the first experiment was higher for C in the second for
experiment A (Tab.4). The means are however statistically not

significantly different.

The averages at least of the four labs which took part in both

Al and Cl differ considerably and changed also the pattern "high

to low" or opposite for the means.

Opposite to the first attempt the pattern "high to 10~~' in the

means of the second experiment is comparable for the A and C

parts.

If experiment A and C is compared, the experiment A showed a

better agreement between the participating labs expressed as a

lower coefficient of variation.

3.6 Conclusions

The variability in the results between the participating

labs was surprisingly high. This is possibly caused by the

physiological state of the phytoplankton which had to be

used for preparing the samples.

The agreement between the labs was in experiment A (the

normal in the BMP used procedure) better than in experiment

C. This fact gives rise to the assumption that the data in

the bank are better than the results of the
intercalibration.
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Tab.1 Secchi disk readings at the intercalibration site and

Irradiances in the incubators. Mean values of measurements

at top, bottom, right and left side

Secchi disk Irradiance

Lab m uE m-' s-'

ALK/FRG 8 420

ARG/S 7 290

ARA/SF 7 420

410

GT/DK 8 420

370

LT/Lithuania/USSR 7 270

PAP/GDR 7.5 320

l.run

2.run

l.run

2.run (2 h later)

ALK = RV lqAlkortt

ARG = RV "Argos"

ARA = RV llArandat'

GT = RV "Gunnar Thorsontl

LT = RV "Lev TitoW

PAP = RV "Professor Albrecht Penck"

Tab.2 Activity of the C-14-solutions used by the participating

labs (measured on board RV ARANDA)

Activity

Lab
-1

uCi ml

ARA/SF 20.09

ALK/FRG 10.39

ARG/S 4.17

GT/DK 17.85

PAP/GDR 23.99
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The Finnish colleagues noted that the batch E 70-l given by GT
-1

for the C-Experiment was certified with 19.48 uCi ml .

Tab.3 Irradiance in % of the normal irradiance in incubator

PP

Lab. 5 10 15 25 50 100 175

ALK (Exp.1) 0.67 2.26 - 6.82 11.73 20.67 18.31

GT (Exp.1) 0.05 0.78 1.79 4.38 9.00 11.45 9.82

APA (Exp.2) 0.16 1.55 - 24.13 9.22 10.36 10.83

ALK (Exp.2) 0.60 1.79 2.92 5.78 9.56 13.15 13.86

GT (Exp.2) 0.52 1.45 2.72 5.08 9.46 6.08 7.11

All data calculated as mg C me3 h-'

Tab.4 Grand means, standard deviation (mg C mm3 h-l) and

variation coefficient for the four experiments

Exp. Al Exp. Cl Exp. A2 Exp. C2

Grand mean 11.73 12.25 11.37 10.54

Stand. dev. 1.95 4.29 1.87 2.96

Var. coeff. 16.61 35.03 16.42 28.06



Fig.1 Box-Whisker-plots of the results of
Experiment Al.
The boxes represent the median as the
horizontal line inside, the upper and
lower quartil  and the range of the saqles
as the vertical tine. L-1.  did not take
part in Experiment AI.

F&ntial  Rim.f+w!.  E~w.i31

Fig.2 95%  confidence intervals and mean values
of Experiment Al for the participating
labs.

4 0

Fig.3 Box-Whisker-plots of the results of
Experiment Cl. ExpbMtions as in Fig-l.
RV ARA did not take part in the Experiment
Cl.

?otmtiil ?ridmd.  Exper.CI

Fig.4 95% confidence intervals and means  for
Experiment Cl.




































































































































































































































