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PREFACE

The Guidelines for the Third Stage of the Baltic Monitoring
Programme (BMP) are based on the Guidelines for the Second Stage
of the BMP, published by the Commission as Baltic Sea Environment
Proceedings No. 12 (BSEP No,l2). They have been revised by an
expert group nominated by the Commission. The group was chaired
by Dr. Gunni Aertebjerg and experts from all the Baltic Sea
States participated in the work, with assistance from the
International Council for Exploration of the 8Sea (ICES) and

experts of the Baltic Marine Biologists (BMB).

‘The ninth meeting of the Helsinki Commission (15-19 February

1988) accepted the Guidelines in general as HELCOM Recommendation
9/7. The Commission recommends that the Governments of ‘the
Contracting Parties to the Helsinki Convention should apply the
Guidelines for the Third Stage of the BMP, i.e. from 1989 to
1993, and also, whenever possible, to follow the Guidelines in
the monitoring of the internal waters as well. The data is to be
submitted to the data bases of the Commission, as specified in

the Guidelines.

The Guidelines for the Third Stage of the BMP are published in
the BSEP series as four separate volumes (27 A, 27 B, 27 C, 27 D)

and also as one combined veolume of loose sheets.

The contents of the Guidelines for the Third Stage of the BMP is
as follows:
BSEP 27 A; Part A; Introductory Chapters
27 B; Part B; Physical and <Chemical Determinands in Sea
Water
27 C; Part C; Harmful Substances in Biota and Sediments

27 D; Part D; Biological Determinands
Volumes B, C and D are intended to be used together with Part A

which contains general information on e.g. station networks,

sampling requirements and data submission.
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BIOLOGICAL DETERMINANDS

Biological determinands to be monitored

~ Phytoplankton primary production

- Phytoplankton chlorophyll-a and phaeopigments *)

-~ Phytoplankton {species composition, numper of
counting units, biomass)

-~ Zooplankton (species composition, abundance and
biomass of mesozooplankton, protozooplankton *})

~ Soft bottom macrozoobenthos (species composition,
abundance, biomass)

- Micro-~organisms *) (total number and biomass of
bacteria, production of bacteria, number of colony-

“forming bacteria)

New sampling methods: To improve the significance and

reliability of pelagic sampling, the use of additional
new sampling methods is recommended, such as automatic

sampling and sediment trapping.

Remark:

It is essential that sampling of macrozoobenthos 1is
accompanied by some hydrographic measurements to
provide information about the hydrographic situation.
Therefore, as a minimum requirement, water should be
sampled as close to the sea bottom as possible for
determination of salinity, temperature and oxygen/H.S
concentration, Preferably a complete hydrographic
series should be taken.

Sampling depths

The sampling depths are described under the sections

for each determinand.

¥

*) tentative determinands




Phytoplankton primary production

Introduction

In order to make it possible to calculate the daily

phytoplankton primary production per m2 water surface

by the data consultant the following measurements are

obligatory and shall be reported:

- Temperature corrected potential production at the
sampling depths, measured in incubator

- Irradiance in the incubator used

- Vertical irradiance attenuation in the water at the
sampling station, measured either by Secchi-disc or

an irradiance meter.

Production measurements

Sampling depths

Sampling depths are selected to give an adequate
vertical production curve. The standard sampling depths
are 1 m, 2.5 m, 5m, (7.5 m,) 10 m, 15 m and (20 m)
{(non-obligatory depths in brackets).

In water bodies with a thermocline and/or a halocline,
a higher concentration of phytoplankton is often ob-
served in the discontinuity layer than above or below
this layer. If a pycnocline is found within the
euphotic zone and does not correspond to one of the
standard sampling depths, it is recommended to collect

an additional sample in the discontinuity layer.

Sampling time

Water samples for production measurements should
preferably be sampled between 8 a.m. and 4 p.m. Central

European Time.

Samplers

Non-~transparent and non-toxic sampling devices must be
used.

Experimental bottles

25 cm® bottles made of high quality laboratory glass
and with standard grinding and glass stoppers are
recommended.

The experimental bottles must be thoroughly cleaned
before every experiment in order to avoid bacterial
film or adsorption of toxic substances to the inside of
the-bottles. The bottles must be cleaned with a 10 %
HCl-solution, then rinsed in tapwater and in distilled
water, If possible the bottles should be dried at
170°C. Before use the bottles must be washed with water
from the respective samples.

All handling of samples before and after the incubation

experiment must take place in dimmed light.

The incubator experiment must be carried out as soon as

possible after sampling.

From each sampling depth, two clear experimental
bottles are filled with water, Additionally, two dark
experimental bottles are filled with water from 1 m and

15 m depths, respectively.

T determination of the irradiance =~ production
relation (the PI-curve) seven clear experimental
bottles are filled with water from 1 m depth or, with
water from the integrated phytoplankton sample (see
Section D;3.a)). If a pycnocline is found within the
éuphotic zone, additionally seven clear experimental
bottles are filled with water from 15 m depth.




The experimental bottles must not be filled totally,
1

but space for the 4C—solution and a little air bubble
should be left,

14C-solution

The 14C~ampoules for use in production studies can be

purchased from different manufacturers. These ampoules

must fulfill the following specifications:

- alkalinity 1.5 mM/dm’
- specific activity 4 - 20 uCi/cenm’

14

standardization of ¢ ~solution

Liquid scintillation counting shall be used as the
basis for determination of the absolute activity.

14

Concentration of C~solution

The 14C—solution should be added to the experimental

bottles in such concentrations that statistically suf-
ficient estimations of the radicactivity fixed by
photosynthesis in the sample can be obtained. However,
it is also important not to disturb the Co, equili?iium
in the water sample by adding too much NaH CO3
solution.

14C—solution

Concentrations corresponding to a 1 cm’
with a radiocactivity of 1 - 4 uCi/cm® per 25 cm’ sample
have been shown to be applicable for primary production

studies in the Baltic.

Dark fixation of carbon

As the dark fixation of carbon is not directly related
to photosynthetic production, it has to be reported

separately.

Incubator

The incubator used must have the following

specifications:

~ thermostatically controllable

- irradiance conditions ensuring photosynthetic

saturation: at least 250 .10%° quanta n 2. 71
(400-700 nm) or 100 joules n"% s (400-700 nm).

{Philips TLD 18 W/33 meets these demands).

Measurements of irradiance in the incubator

A calibrated irradiance meter (guanta meter, 400-700
nm) shall be used.

The irradiance meter 1is placed in the water-filled
incubator facing the light source of the incubator and
at the same distance from the light source as the

experimental bottles during experiments.

The irradiances are measured in five different pos-
itions: At the center of the bottle-wheel of the
incubator and at the outermost positions of the
experimental bottles on each side and above and below
the center of the bottle-wheel.

The measured irradiances are corrected for the
immersion effect by multiplying by the immersion factor
of the irradiance meter used.

Immersion factor: The ratio between the sensitivity of

the irradiance meter in air and in water.

The mearn of the four outermost measurements are
calculated, and the irradiance in the incubator is
expressed as the mean of the center measurement and the
calculated mean of the four outermost measurements.




Incubation temperature

The temperature in the incubator during the experiment
has to be adjusted to the mean temperature of the
euphotic zone, or to the mean temperature found above
an eventual pycnocline if a pycnocline 1is present

within the euphotic zone.

Incubation

The experimental bottles are placed at the bottle-wheel
of the incubator in such a manner that only clear ex-~

perimental bottles face the irradiance source.

Five of the experimental bottles in each of the series
for determination of the PI-curves are covered with
neutral filters of different transmissions, for example
5 %, 10 %, 15 %, 25 % and 50 %. The exact transmission
should be known. Further, the production is determined
at 100 % incubator irradiance by the 6th bottle of the
series and at 175 % incubator irradiance by the 7th
bottle of the series. The 175 % incubator irradiance is
obtained by applying a tinfoil coating as reflector

behind the experimental bottles.

Incubation period

The incubation period is 120 minutes.

Filtration of samples

The samples should be filtered immediately after the

production experiment is stopped, in order to avoid

loss of 14C due to respiration.

vials.

Filters with even distribution of pore size, and good
solubility with respect to scintillation liquids are
preferred. Pore size should not exceed 0.45 pum, The
filters should be wetted before the filtration starts.
The suction pressure should not exceed 0.3 105 Nm—2
(0.3 atm.).

The whole filtration procedure should not exceed 0.5
hour for the entire series of bottles., It is possible
to comply with this requirement by arranging a series
of filtration units. In case it is impossible to filter
the whole contents of a single sample, a subsample may
be_filtered.-The subsample shall be of at least 15 cm’.
If-filtering a subsample, both the volume of the sub-
sample and the whole volume of the experimental bottle
has to be measured. In the case of filtering the whole
volume of an experimental bottle, such measurements are

not necessary.

The filters should not be washed but, whenever bottles
and filtration funnels need to be rinsed, this should
occur at the end of the filtration procedure, but
before the last cm’® has passed through the filter.

Preparation of filters

In order to stop all biodegradation and thus losses of

14C precipitates

radicactivity, and to remove possible
extracellularly, immediately after filtration the wet
membrane filters are placed in a desiccator and exposed

to vapours of fuming HC1 for 3 minutes.

When scintillation counting is used, the filters can
now be placed at the bottom of the empty scintillation




When Geiger counting is used, the filters must be dried
in a desiccator with freshly dried silicagel and with

soda lime, the latter for removal of excess HCl-fumes.

Radioactivity measurements

Various counting techniques are now available, ranging
from Geiger counting and proportional counting to
liquid scintillation counting and combustion. There are
numerous and specific problems with all methods. It is
therefore strongly recommended to consult specialized

publications for details.

As liquid scintillation counting is one of the most ef-
ficient and has the highest versatility, the radio-
activity measurements shall be carried out according to
the liquid scintillation technique. When this is not

possible, the Geiger counting technique shall be used.

In both cases, the efficiency of the counting technique
has to be known, including the relation of efficiency
to the amount and nature of filtered naterial

{(quenching and self-absorption problems).

The counting results should be given as disintegrations

per minute (dpm).

Total CO2 concentration

For estimating the total carbon dioxide concentration,
the formulae given by Buch (1) and reproduced by Gargas

{2) are recommended:
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TA = 1.26 + 0.031 8 for 18« 8 <25
TA = 0.90 + 0.080 S for 11« 818
TA = 0,90 + 0,083 8 for 84811
TA = 0,43 + 0,156 S for 585 8
TA = 0,48 + 0,157 8 for 3<s<¢ 5
TA = 0,16 + 0.198 S for 1{s< 3
where: TA = titration alkalinity in mM/dm?

S = salinity in O/oo

Titration alkalinity 1is not equal to carbonate
alkalinity due to other weak acids present in the
water. Titration alkalinity can be expressed:

TA = Carbonate alk. + (H,BO;) + (OH ) - (H ).
The concentration of HQBO3 is about 1 % of the
titration alkalinity in the Baltic Sea. Carbonate
alkalinity is then: 0.99 x TA. To get a value for total
C02, temperature, pH and salinity must be determined.
Knowing these parameters a factor F can be found in
Table D.l. The total CO, can then be expressed:

C02 = Carbonate alkalinity x F,

If more accurate CO2 values are requested, which is
recommended at higher salinities (the Kattegat and Belt
Sea) and also in coastal areas, where the relations
given by Buch (1) are less suitable, they can be
estimated according to Strickland & Parsons {11y,

Glowinska et al. (4) or Mackereth et al, {9).
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TABLE D.1. The factor, F, for calculating total COZ’ b) Production calculations
from carbonate alkalinity, temperature,

pH, and salinity. Calculation of carbon uptake

The total carbon uptake, Pt during the time t, is

calculated for all of the experimental bottles from the

oH | 70 | 71 | r2 | 7.3 7.4 | 7.5 | 7.6 | 7.7 | 7.8 |79 g0 | 81 [@8.2 | 8.3 | 8.4 following equation
'c S./W
1 |1.284 | 1.234 | 1.189] 1.150 | 1.137 | 1.093 | 1.074 |1.057 {1.043 {1.031 | 1.022 |1.014 | 1.008 |1.002 [ 0.996
4 |1.240 | 1.196 ] 1.184| 1.121 | 1.095 | 1.074 | 1.057 [1.049 | 1.032 {1.022 | 1.013 [1.004 | 0.997 |0.989 | 0.982
o| 7 |3.212 |1.168] 1.13211.104 | 1.082 | 1.064 [ 1.050 | 1.037 | 1.025 |1.015 | 1.006 |0.998 |0.9%0 |0.981 | 0.971 P = dpm(a).total C02(C). 12(d).l.OS(e).l.OG(f).kl.k .k
11 {1.192 | 1.184 | 1.120| 1.09a | 1.073 | 1.086 | 1.041 {1.028 [1.016 {1.007 | 0.998 [0.990 |0.981 |0.971 | 0.980 t G
18 {1.170 | 1.133 | 1.10a4| 1.080 | 1.060 [ 1.046 | 1.032 [1.020 |1.009 [0.298 | 0.988 [0.977 | 0.966 |0.954 | 0.940 dpm(b)
25 |1.152 | 1.107 | 1.087 | 1.067 | 1.048 | 1.034 | 1.020 {1.010 |0.998 |0.987 | 0.976 |0.964 | 0.952 {0.938 | 0,923
1 |1.271 | 1.223| 1,178 1.136 | 1.104 | 1.084 } 1,066 |1.050 | 1,040 {1.080 {1.020 t1.011 {1.004 {0,998 |0.992
4 |1.220 | 1.180 | 1.140| 1.208 | 1.084 | 1.065 | 1.050 {1.036 | 1.024 |1.016 |1.008 {1.000 |0.992 J0.984 | 0.978 where
6| 7 1192 | 1,153 | 1.120|1.093 {1,074 | 1,056 | 1.042 |1.030 {1.020 1,010 |1.000 10.992 10,984 |0.974 | 0.964 :
11 [1.172 | 1.138 | 1.107| 1,084 | 1.066 | 1.049 {1.034 [1.021 |1.011 |1.002 |0.993 l0.986 |0.975 [0.964 |0.982 [ P = total b K -3h—1
18 |1.152 | 1.1318 1.090} 1.066 | 1,080 | 1.037 | 1.024 |1.012 | 1.000 |0.991 | 0.981 |0.970 | 0,958 {0.944 |0.930 £ = otal carbon uptake, mg Cm
25 |1.132 | 1,102 1§ 1.076 | 1.056 | 1.040 | 1,028 | 1.016 |1.004 |0.992 |0.982 | 0,970 0,958 |0.944 |0.928 | 0.908
I j1.244 {1,190 1.152] 1.121 [ 1.098 | 1.078 | 1.062 [1.048 |1.036 |1.026 | 1.016 |1.008 {1.000 0,993 | 0.988 y :
4 }1.204 | 1.260| ¥.126] 1.100 | 1.080 | 1.063 | 1.048 | 1.034 | 1,024 |1.015 | 1.006 |0.096 | 0.988 ]o.961 |0.973 — - _ .
sol 7 [t-174 | 1138 1.110) 1.086 | 1.068 | 1.052 | 1,038 |1.026 |1.016 |1.007 |0.998 |0.988 |0.980 |0.970 | 0.860 (a) filter dpm background dprfz; net dpm/filter
1t |1.156 | 1.122 | 1.096| 1.076 | 1.060 | 1.044 { 1,031 [1.020 | 1.009 |0.999 | 0.988 |0.978 | 0.968 |0.956 |0.g94a | _ . .
18 {1.136 | 1.104 | 1,082 1.062 | 1.046 | 1.030 | t.018 |1.008 |0.098 |o.988 | 0,978 |0.966 | 0.052 [0.938 |0.921 | (b) = the activity of the added C-solution, dpm
25 |1.138 {1.092 | 1,071 1,052 {1.034 | 1.020 | 1.008 |0.997 | ©.986 |0.974 | 0.962 |0.950 | 0,933 |0.915 | 0.896 (c) concentration of total CO , th , tal
‘ = g i
t |1.229 |1.178| 1.143| 1.124 | 1.090 | 1.070 | 1.056 |{1.041 |1.030 |1.020 | 1.010 [1.002 |0.996 |0.989 | 0.984 2 B € experimenta
4 |1.188 | 1,244 | 1.125} 1.001 {1,074 | 1,056 | 1.041 |1.030 | 1.020 11010 :{ 1.002 |0.992 |0.985 |0.978 |0.971 | water, mM/dm’
151 7 |1.360 | 1,328 1,301 1.079 {1.060 | 1.046 | 1,034 [1.022 |1.011 {1.002 |0.992 [0.984 |0.975 | 0,964 g.ggz ’
11 |1.141 |1.114{ 1.089] 1.066 | 1.050 | 1.036 |1.023 |1.012 | 1,002 |0.994 | 0,985 |0.975 | 0.964 |0.951 | 0.936 _ . . . )
18 [1.126 | 1.082 | 1.075] 1.056 | 1.040 | 1,027 | 1.034 [1.004 | 0.993 |0.982 | 0.961 (0,958 | 0.944 |0.928 | 0,812 (d) = 12: the atomic weight of carbon, converts mM/dm
25 11.108 | 1.082 ] 1.060 1,043 [1,028 | 1.015 | 1.004 |0.994 | 0.982 |0.971 | 0.958 |0.942 |0.924 |0.502 | 0.884 to mg/dm®
m
1 {1.210 {1,166 | 1.230] 1.102 | 1.080 | 1.064 | 1.050 [1.040 | 1.028 [1.018 | 1.010 |1.001 |0.992 [0.984 |0.978 g 14
4 [1.170 {1.130 | 1.106 | 1.084 [ 1,068 | 1,054 | 1,040 |1,029 | 1,018 (1,007 |0.996 |0.986 |0.976 |0.966 | 0.959 | - . . .
so| 7 [1-184 [1.124 | 1.090 1.072 | 1.056 | 1.040 | 1.026 |1.018 |1.008 [0.998 |0.988 |0.978 |0.968 |0.956 |0.944 (e) a correction for the effeciz;()f C discrimi
i1 |1.130 {1.100 | 1.080 | 1.062 | 1.045 | 1.031 | 1.020 |1.010 |1.000 [0.990 [0.980 |0.968 | 0.956 |0.943 0,930 | | , , .
18 [1.112 | 1.086 | 1.066 | 1.050 [ 1,034 | 1,021 | 1.009 {0.998 | 0.986 0.974 | 0.962 |0.950 |0.936 |0.520 |0.901 { nation, the uptake of the C-isotope is 5 %
25 1,088 {1.064| 1.054 | 1.040 | 1.024 | 1.011 { 1.000 |0.988 | 0.976 |0.962 | 0.048 [0.932 [ 0.916 [0.806 {0.872 | | slower than that of th 12C | sot
n at o e -isotope
(f) = a correction for the respiration of organic

matter produced during the experiment. This has
empirically been found to represent 6 % at
optimal photosynthesis. The production rate is

thus corrected to represent the rate of gross

production

kl = a correction factor for subsampling, e.g. 15 cm’
were filtered from a sample of 27 cm® and 1 cm’
Nai'%co, was added, then k, = 28/15 = 1.87

k2 = a time correction factor, e.g. when converting

production per 2 hours to production per hour,
then k, = 0.5

=
1l

3 a unit conversipn factor, e.,g. when converting mg
C dm-3 to mg C ﬁ*3, then k3 = 103.
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Subtraction of dark fixation

At stations with homogeneous water within the euphotic
zone, the mean carbon uptake in the two dark exper-
imental bottles 1s subtracted from the total carbon
uptake in all the c¢lear experimental bottles. At
stations with a pycnocline within the euphotic zone,
the dark-uptake at the 1 m depth is subtracted from all
the clear experimental bottles from the pycnocline and
above, and the dark-uptake at 15 m depth is subtracted
from all the clear experimental bottles from below the

pycnocline.

Calculation of potential production

The potential production at a sampling depth is ex-
pressed in mg C m“3 h"l, and calculated as the mean of
the production rates measured in the 2 clear experi-
mental bottles from that depth and exposed to 100 %
incubator irradiance, with the dark fixation sub-

tracted.

Temperature correction

The potential production rates obtained must be cor-
rected for eventual differences between the mean tem-
perature in the incubator during the experiment and the
in situ temperatures at the sampling depths. The
temperature correction factors are determined from the

equation:

Temp. correction factor = exp. {(ln 2 X (t2 --t1 1)

10
where tl = the mean temperature in the incubator during
the experiment
t, = the temperature at the sampling depth

c)
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Meagsurements of vertical irradiance attenuation

Introduction

In order to make it possible to calculate the daily

phytoplankton primary production per m® water surface

by the data consultant, the following measurements are

obligatory and shall be reported:

- temperature~corrected potential production at the
sampling depths, measured in incubator,

- irradiance in the incubator used,

-~ wvertical irradiance attenuation in the water at the
sampling station, measured either by Secchi disc or

a guanta meter,

Secchi disc measurements

In cases when irradiance meters are not available, a
Secchi disc must be used to estimate the vertical

attenuation of irradiance in the water column.

When a Secchi disc is used, the Secchi depth measured
must be corrected for the wave height:

= DH (1 + 0.4,H) m, where

Corrected Secchi depth, m

1f

H Measured Secchi depth, m

m O U o
o O
il

il

Wave height, m

The corrected Secchi depth, Dy + equals approximately
the 10 % guanta depth.

The relative irradiance at a given depth, or the depth
for a given relative irradiance, is determined by
graphical interpolation. On semi-logarithmic paper

(irradiance: log scale, two decades; depth: linear

'scale), the curve beéomes a straight line through 100 %

irradiance at 0 m depth and 10 % irradiance at Dy
depth.
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Irradiance meter measurements

If possible, instead of Secchi disc measurements, the
vertical attenuation of irradiance in the water at the
sampling stations should be measured using a dguanta
meter (400-700 nm).

The underwater detector is lowered from the side of the
ship facing the sun and so far from the side of the
ship that the disturbance of the normal distribution of

light is minimized.

The irradiance above the water surface, Ed (air), is
measured with the dry underwater detector. The
irradiance immediately below the water surface, Ed
{z=0), 1s then calculated as 93 % of Ed fair). (The
mean reflection of irradiance by the water surface

approximates 7 %.)

The underwater detector is lowered into the water and
the depths and irradiances are measured at the sampling

depths of primary production.

211 underwater irradiance readings are corrected for
the immersion effect by multiplying the reading by the
immersion factor of the underwater detector used.
Immersion factor: The ratio between the sensitivity of

the detector in air and in water.

In immediate connection with every measurement with the
underwater detector, the irradiance in air is measured
using a deck detector. From the deck detector
measurements, the underwater measurements are corrected
for eventual changes in the irradiance above the water
surface after the measurement in air with the under-

water detector.

da)

-15=-

The relative irradiances in the different water depths
are calculated, setting Eq (z=0) = 100 %,

The relative irradiance at a given depth, or the depth
for a given relative irradiance, is determined by
graphical interpolation: The measured relative ir-
radiances are depicted {log scale) as a function of the
water depth (linear scale) on semi-logarithmic paper ({2
decades), and a smooth curve 1s drawn through the

points.

Data reporting

All data should be reported according to the details

given in Sections D.10 and D.11.
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Phytoplankton chlorophyll—-a and phaeopigments

Measurements of phytoplankton chlorophyll-a are
obligatory, while measurements of phaeopigments are

only tentative,
Sampling

Water for chlorophyll-a analyses should be taken from
the same samples as for primary production and

phytoplankton and, if possible, for chemical analyses,

The standard sampling depths for chlorophyll-a are the
same as for primary production: 1 m, 2.5 m, 5 m,
(7.5 m,) 10 m, 15 m and (20 m), non—-obligatory depths

being given in brackets.

Chlorophyll should also be analysed from the integrated
phytoplankton sarple (see Section D.3.a)). Additional
chlorophyll sampling depths are recommended, e.g., one

just above and one below the halocline.

b)
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Non-transgparent and non-toxic sampling devices must be

used.

Storage of water samples

It is important that the water igs filtered as soon as
possible, If the filtration cannot be carried out im-
mediately, the sample must be stored cool and dark,
preferably in a refrigerator, and no 1longer than 8

hours.

Volume to be filtered

In.ﬁhe,Baltic Sea Area the chlorophyll a concentration
varies from about 0.1 mg m‘3 during winter and in the
deep water to 15 mg m“3 or more in the surface water
during the spring bloom. During summer the concen-
tration in the surface water is most often between 1 mg

n™> and 5 mg n3,

At a concentration of 0.1 mg m_3 and the use of 10 cm’
extraction solvent and a 5 cm cuvette, at least 12 dm’
have to be filtered to get a spectrophotometric

absorbance of at least 0.05.

When using 10 cm® extraction solvent and a 1 cm cuvette
at chlorophyll~a concentrations of 1 mg nf3 and 10
mg n”3 at least 6 dm® and 0.6 dm® water, respectively,
have to be filtered to get absorbances of at least
0.05,

Filtration

The samples shall be filtered in subdued light through
Whatman GF/C filters.

5 -2

The suction pressureishould not exceed 0.5 . 10 Nm

{0.5 atm). After filtration the filter shall be folded
together.,
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The filtration time should not exceed 1/2 hour per
sample. If this is not possible, a smaller water volume

has to be used.

Drying of filters

as drying of filters has been shown in several
experiments to increase the amount of extractable
chlorophyll pigments, it is recommended to¢ dry the
folded filter wrapped in a piece of clean filter paper
in a room temperature airstream in darkness.

Storage of filters

The filters ought to be analysed immediately after
drying.

If storage is necessary, the filters shall be stored
deepfrozen (-20°C) in a desiccator with silica gel, for

no longer than three months.

Extraction

96 % ethanol shall be used as extraction solvent.

All work with the chlorophyll extract shall be carried
out in subdued or green light.

Storage of the extract shall be in total darkness.

The folded filter is transferred to a graduated
centrifuge tube, 10 cm’. 96 % ethanol is added, and the

tube is stoppered to avoid evaporation.

Extraction shall last 24 hours at room temperature in
total darkness. The samples are shaken a few times

during the extraction time,

i)

J)
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Centrifugation

If necessary, the extract volume is adjusted to 10 cm’
before centrifugation. The stoppered centrifuge tube is
shaken vigorously to get a homogeneous distribution of
the chlorophyll in the extraction solvent.

The sample is centrifuged for 10-20 minutes at about
10,000 m 5_2, in order to reduce the spectrophotometric
blank reading (750 nm) which should not exceed 0.005
for a 1 cm cuvette.

Storage of extract

The measurements shall be made immediately after
centrifugation, If this is not possible the extract may
be stored in a deep freezer (-20°C) for no more than 24
hours.

Chlorophyll-a measurement procedure

The measurements of chlorophyll-a may either be made by
a spectrophotometer or a fluorometer, depending on the
equipment available. The measurements of phaeopigments
shall only be made by a fluorometer.

1) Spectrophotometric readings

A spectrophotometer with & bandwidth of 2 nm should be
used, 96 % ethanol should be used as a reference.

- .-to-cell blanks should be measured at all wave=
tengths used. The absorbence should be measured at 750
nm and 663-665 nm {(at the peak).

For the measurement of phaeopigment, which is

non-obligatory, the extract shall be acidified with 1 M
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HC1 (0.06 cm® to 5 cm® of extract) after all other
readings have been taken. 0.5-3 min. after acidifi-
cation, the absorbence at 750 and 663-665 nm should be

measured.

Calculations

To calculate the chlorophyll-a content using the
spectrophotometric technique, the following equation

should be used:

C_ = 10°.e. A(665 k)

M BITV.Y

v = Chlorophyll-a concentration, mg/m’
e = volume of ethanol, cn’

A(665 k) = absorbence at 665 nm (the peak) minus the
absorbence at 750 nm after correction by the
cell-to-cell blanks

1 = length of cuvette, cm
= water volume filtered, dm’

83 = absorption coefficient in 96% ethanol

The volume of chlorophyll sample, volume of ethanol and
the length of cell (cuvette) must be chosen to give ab-
sorbence values at 663-665 nm of 0.05-0.8, i.e. the

optimum range of the spectrophotometer.

2) Fluorometric reading

The sample volume and the guantity of ethanol ha: o be
chosen so that the fluorescence reading 1is - T
optimum range of the equipment used (normally 50-.0.

em® water and 5-10 cm® ethanol).

2]

A fluorometer with excitation setting of 425-430 nm and
emission setting of 663-665 nm, or a filter fluorometer
equipped with a blue lamp corresponding to GE F4T5B,
red-sensitive photomultiplier and primary filter corre-
sponding to Corning 5-60 and secondary filter corre-
sponding to Corning 2-64 should be used,.

The fluorescence shall be measured with the appropriate
slit,

For the measurement of phaeopigment the extract shall
be acidified with 1 M HCl (0.06 cm® to 5 cm® of
extract) after the first reading. 0.5-3 minute after

acidification, a new reading should be made.

Calculations

Use the equation:

Chl.-a (mg.mma) = R.f.s.e.v !

R = fluorescence reading

f = calibration factor

s = slit correction

e = vyolume of ethanol (cm®)

V = volume of filtered water (dm?®)

The calibration factor is determined as follows:

£ = k.R ‘.v.e”d

K = concentration of chlorophyll-a (mg.m_3) deter-
mined spectrophotometrically as described in
Section D.2.k) and (1).
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When phaeopigment is to be calculated use the equation:

Phaeopigment (mg.m-B) =f . ({r .R)-R).s.e. vt

R, = fluorescence reading after acidifi-
cation

r = ration R/Ra obtained from an extract

free from phaeopigment

= f _ r . {r-1)

a
f, R, s, e, V = gee above
Reproducibility

Every worker should check the reproducibility of the
method at least once a year by doing 10 replicate
samples. The value of the coefficient of variation

(CV %) should be stated for each pigment.

Data reporting

For the data reporting see Sections D.10 and D.1l.
Any deviation from the procedure recommended here
should be stated on the Plain Language Record when

reporting the data.
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Phytoplankton

Sampling design

For the purpose of guantitative studies, an integrated
sample from the uppermost 10 m shall be obtained by
pooling egqual volumes of discrete water samples taken
with a water sampler from Owl* m, 2.5 m, 5m 7.5 m and
10 m. If possible, a true integrated sample can be made
instead wusing a tube sampler (Willén 1986, Ramberg
1976).

*) Blue-green algae may concentrate c¢lose to the
surface. Care should be taken to ensure that these
blue-green . algaeg beconme represented in the
integrated sample.
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The integrated sample (independent of the sampling

design) should be thoroughly mixed in a large bucket. A
is drawn from the

first-level subsample of 200 ml

well=-mixed sample for quantitative phytoplankton
counts. A second-level subsample is drawn for chloro-

phyll-a analysis (see Section D.2).

A third-level subsample might be drawn for measurements
of the
Section D.l.b)).

irradiance~primary production relation (see

Other determinands (e.g. nutrients) might also be

determined from the integrated sample.

Additionally, two gquantitative samples are recommended:

one just above and one below the halocline.

Tt is recommended that a net sample be taken from the

0-10 m water column for gqualitative study of the

microplankton fraction. A plankton net made of gauge

with 10-20 (-25) um meshes, with a mouth diameter of
15-20 c¢m, a cylindrical part 25-30 cm long, and a
tapering tail end 15-20 cm long will work gquite
satisfactorily.

If net samples are used for biometric measurements, it
should be noted that for
dimension around or below the size of the meshes, cells
tend to be

species with the smallest

towards the lower size under-

represented. Therefore, the quantitative samples have

range

to be used for biometric measurements of these and

smaller species.

b}
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Preservation and storage of samples

Qualitative samples

Net samples should be preserved immediately with about

5 ml conc. formalin per 100 ml.
5-10 ml

should be used 1f the coccoliths need to be preserved,

If coccolithophorids

are present, hexamine~-neutrallzed

formalin

Any glass container with a tight screw cap will do,
preferably a rather wide-necked one. Plastic containers

are not recommended, since some plastics may be
permeable to formaldehyde vapour. The samples should be
stored in the dark at room temperature, since

formaldehyde ‘may polymerize to a white precipitate of
pafaformaldehyde at low temperatures. Properly stored
samples will deteriorate only slowly over a period of
several vyears. Weakly silicified diatom frustules are

dissolved first.

Subsamples to be studied alive can be Xkept fresh for a
few hours in an open container in a refrigerator. If

water samples are to be processed alive according to

the relevant parts of Annex I of this Chapter, it
should be done as soon as possible. They can be kept
unpreserved for up to 24 h in 0.5-1.0 1 polypropylene
or polyethylene bottles at in situ temperature if it is
below +10°

samples should be refrigerated.

C or 1 month in a deep freeze, Warmer

Quantitative samples

Samples for quantitative phytoplankton counts should be
0.5-1.0 ml

subsample.

preserved immediately with acld Lugol's

solution per 200 ml If coccolithophorids
need to be preserved with the coccoliths intact, a
parallel 'subsample should be fixed with 0.5-1.0 ml
alkaline Lugol's solution or 4 ml neutralized formalin.

Clear, bottles with tightly

colourless 200 ml glass
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fitting screw caps should be used for iodine-preserved
material ., With such bottles it 1s easy to see when the

iodine becomes depleted and more preservative needs to

be added.

Plastic containers should not be used. Formalin should
not be added to samples preserved with Lugol's solution

unlesgs the storage period is going to exceed one year.

The samples should be counted as soon as possible,
preferably within half a year. They should be stored
dark and cool (ca. +4° C). Samples stored for more than

one year are frequently of little use.

Preservatives

Acid Lugol's solution (Willén 1962):
1000 ml distilled or deionized water

100 g potassium iodide (KI)
50 g resublimated iodine (Iz)
100 ml glacial acetic acid (conc. CH3COOH)

Mix in the order listed. Make sure the previous
ingredient has_dissolved completely before adding the
next one, Store in a tightly stoppered glass bottle at
+4° C, Add 0.5-1.0 ml per 200 ml sample.

Alkaline Lugol's solution
(modified after Utermdhl 1958}:

.

Replace the acetic acid of the acid solution by 50 g
sodium acetate (CHBCOONa). Use a small part of the
water to dissolve the acetate. Other comments as above.

Neutralized formalin {Throndsen 1978):
500 ml conc. formalin (37-40 % aqueous HCHO solution)

500 ml distilled or deionized water
100 g hexamethylenetetramine (CH2)6N4 {hexamine)

c)

T

Analytic grade formalin 1is to be preferred. Still
better is a solution freshly made from paraformal-
dehyde. Commercial formalin may contain up to 15 %
methanol as a stabilizer, and will not give as good
fixation., Filter after one week if the solution forms
precipitate or becomes turbid. Add 4 ml per 200 ml

water sample. Net samples require 5-10 ml per 100 ml.

Qualitative determinations

General

While quantitative investigations have a long standing,
and are performed routinely by most laboratories, the
greatest weakness has proved to be the identification

of the organisms.

It is becoming more and more evident that the taxo-
nomical composition of phytoplankton and the species
succession have considerable value as indicators of the
trophic status of a water mass. Especially the nano-
plankton (2-20 um) and picoplankton (< 2 um) fractions
need much more attention than they have hitherto

received.

Quantitative phytoplankton counting 1is a labour~
intensive procedure, and the cost-benefit of the
resulting data is qguestionable. Investing less effort
in the actual counting process, and more in cheap
chlorophyll-a determinations and skill-requiring survey
of the floristic content of samples would apparently
give more useful results, provided the taxonomic

knowledge of the analyst is good enough.
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Determination

Because of the limitations of the UtermShl technique
and the inverted microscope, accessory technigques are
needed for the determination of a number of phyto-
plankton species and groups, especially when as
complete as possible species lists are reguired. Some
of these non-obligatory methods are reviewed in Annex I

of this Chapter.

Net samples are recommended to be taken routinely for
the investigation of sparsely occurring microplankton
species with a standard research microscope. The
advantages include potentially higher resolution,
thinner preparations and the possibility to turn the
cells around by tapping the cover glass. This is
especially helpful when examining the plate structure

of dinoflagellates.

Quantitative determinations (phytoplankton counting)

Introduction

The recommendation is based on the counting technique
with an inverted microscope as described by Uterméhl
(7). In order to elucidate sources of error caused by
subsampling and the settling and counting of
subsamples, the practical application of the method is
emphasized., To make phytoplankton counting less time-
consuming and the results more comparable, a simplified
procedure along the lines proposed by Willén (11) has
been adopted.

Statistically settling and counting represent two more
subsampling stages (unless the preserved subsample 1is
counted in toto, which is unrealistic), which reduce

the precision of the population estimates (cf. 8, 9).
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Settling procedure

Before sedimentation the sample should be adapted to
room temperature for about 24 hours to avoid excessive
formation of gas bubbles in the sedimentation chanmbers.
Gas bubbles will adversely affect sedimentation, the
distribution of cells in the bottom-plate chamber, and

microscopy.

Immediately before the sample 1s poured into the
combined sedimentation chamber, the bottles should be
shaken firmly but gently in irreqular jerks to homo-
genize the contents. Too violent shaking will produce a
lot of small bubbles which may be difficult to elimin-
ate, If the sample must be shaken vigorously in order
to disperse tenacious clumps, this should not be done

later than one hour before starting sedimentation,

The chambers should be placed on a horizontal surface
and should not be exposed to temperature changes or
direct sunlight., Covering the settling chamber(s) with
an overturned plastic box will provide a fairly safe
and uniform environment for sedimentation. If moistened
tissue paper is included under the hood, problems
caused by evaporation will be reduced considerably. It
is essential that the supporting surface is vibration-
free, since vibrations will cause the cells to collect
in ridges.

Settling time is dependent on the height of the chamber
and the preservative (e.g. 1, 4). The times given below
are recommended as minimum, If vibration caused e.g. by
traffic is a problem, the minimum time should not be
significantly exceeded. Otherwise it is suggested that
counting be performed within four days. Sedimented
samples not counted within a week should be discarded,
Separated bottom chémbers not counted immediately
should be kept 1n an atmosphere saturated with
humidity.
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Settling time (h)

Volume of Height of Lugol's Neutr,
chamber (ml) chamber {(cm) solution formalin

2 1 3 12

10 2 8 24

50 10 24 48

100 20 48 48

One hundred ml chambers should be used with caution
since convection currents are reported to interfere
with the settling of plankton in chambers taller than
five times their diameter (2, 1). Such chambers can be
used only when phytoplankton is very sparse, as in late

autumn and winter.

If the cells are too strongly stained by iodine for
comfortable identification, surplus iodine can be
chemically reduced to iodide by dissolving a small
amount of sodium thiosulfate (Na,S$,0, . 5 H,0) in the

27273 2
aliquot to be sedimented.

Counting procedure

In order to save time and to achieve a reasonable
accuracy in counting, the sedimented sample should
first be examined for general distribution of cells on
the chamber bottom, and the abundance and size
distribution of the organisms. ‘All species found should
be listed. If the distribution is wvisually uneven,
one-sided or in ridges, indicating convection or vi-
bration, respectively, the settled sample should be
discarded. If this occurs consistently, measures should

be taken to eliminate the sources of disturbance.

How much of the chamber area should be counted and the
magnification to be used is dependent on the size of
the organisms and their abundance, and on the kind of
counting units used. The following counting units are

recommended:
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CELL: All non=-colonial unicellular species

Dincbryon

Uroglena (disintegrated colonies)

Aulacosira

Chaetoceros

Detonula

Leptocylindrus

Melosira

Skeletonema {and other chain-forming
diatoms)

Planktonema (and other filamentous green
algae)

COLONY: Aphanothece
Coelosphaerium
Gomphosphaeria
Microcystis {incl. Aphanocapsa)
Gloeotrichia
Uroglena (when colonies well preserved)
‘Halosphaera
Sphaerocystis (and similar genera)

COENOBIUM, with a *t fixed number of cells (n):
Eudorina (32)
Pandorina (l16)
Coelastrum (8, 16)
Crucigenia (4)
Micractinium (4)
Pediastrum (4, 8, 16, 32, etc.)
Scenedesmus (2, 4, 8)

SOME COLONIAL ALGAE are most conveniently counted as
groups of four cells, e.g.:
Chroococcus
Merismopedia
Crucigeniella
Dictyosphaerium

FILAMENTS to be counted in lengths of 100 pm:
Achroonema
Anabaena
Anabaenopsis
Aphanizomenon
Beggiatoa
Lyngbya
Nodularia
Oscillatoria
(etc. filamentous blue~green algae)

The following combinations of objectives and oculars
are recommendéd for quantitative microscopy with the
inverted microscope:
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Oculars
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Microplankton > 20 um Nanoplankton 2- 20 um
Picoplankton <2 um
ve 10x or 1lé6x or 25x 40x or 63x

12.5-16x 10-12.5x 10-12.5x 12.,5-16x 10-12.5x

small microplankton species can preferably be counted
together with the nanoplankton when they occur in
abundance, or they can be counted using an objective
with intermediate magnification, 20~-25 x. A grid of 5x5
squares in one of the oculars is very helpful when

counting dense fields of small cells.

Counting should normally be restricted to the 10-12
most abundant species. When the diversity of a sample
is high, however, up to 15 species may have to be
counted, and during bloom conditions probably less than
ten will be enough. According to Willén (11) 90 per

cent or more of the total biomass was made up by six
species in nutrient-rich, and by 7-8 species in

nutrient-poor, lake waters.

At least 50 counting units of each taxon should be
counted, and the total count should exceed 500. Fewer
counted units will progressively decrease the precision
of the count and increase the statistical error of the
population estimate. The approximate 95 % confidence
limits of a selected number of counted units are given
below. They have been calculated according to the

formula:

95 3 C,L, = n T 2

100
iR

where n is the number of units counted. (Actually the
error is not symmetrical, but increasingly asymmetrical
with lower counts. Thus, for four units counted the

theoretical limits are -73 to +156 %.)

-33-

Count 95 & C.L. (%)

4 100

5 89

7 76

10 63

15 52

20 45

25 40

40 32

50 28

75 23

100 20

200 14

400 10
500 8.9
700 7.6
1000 6.3
2000 4.5
- 5000 2.8
10000 2.0

It should be recognized that these are not maximum
errors. The statistics assume perfectly random distri-
bution of cells on the bottom of the sedimentation
chamber, a condition which is probably never realized.
The several subsampling steps involved also tend to

increase the variance {(e¢f. 9, 10).

With species for which the counting unit is smaller
than the individual, e.g. some colonial forms, chain-
forming diatoms, and filamentous species with average
filament length in excess of 100 um, the distribution
of the counting units will be aggregated even in
perfectly sedimented samples. The variance will be
higher, and the precision accordingly lower. If it is
necesgsary to keep the error within the same limits as
for "randomly" distributed units, the number of counted
units should be increased in the ratio average size of

individual /size of counting unit,

At low magnification, a sufficient number of crossed

transects should be counted to reach the reguired

number of counting units. At high magnification, fields
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of view evenly spaced along crossed transects should be
used. At intermediate magnifications either method can
be employed, depending on the density of the units to
be counted. Considering the many other sources of error
involved in the method, it is unnecessary to spend time
on randomization of the fields to be counted. Only
exceptionally will it be necessary to count the whole
chamber bottom for very large cells, such as Ceratium

and Coscinodiscus.

The number of counting units per dm® sea water is
calculated by multiplying the number of units counted
with the coefficient €, which is obtained from the

following formulas:

¢ = A . 1000 or c = A . 1000
N . ay - v ay . v
where

A = cross-section area of the top cylinder of the
combined sedimentation chamber; the usual
inner diameter is 25,0 mm, giving A =
491 000 000 um® (the inner diameter of the
bottom~plate being irrelevant)

N = number of counted fields or transects

a; = area of single field or transect

a, = total counted area

Vv = volume (cm’®) of sedimented aliquot

Reliable quantitative counting of the picoplankton
fraction requires fluorescence microscopy (cf. Annex I
of this Chapter).

When counting phytoplankton in a sedimentation chamber,
it is suitable to count protozooplankton (e.g. ciliates
and colourless flagellates). This recommendation is
also valid for these forms (cf. Annex I of this
Chapter). However, it must be stressed that the

-35-

protozooplankton are a separate group and must not be
mixed with the phytoplankton. Thus, they must not be
included in abundance or biomass values of phyto-
plankton.

Cleaning of the sedimentation chambers

After use no part of the combined sedimentation chamber
should be allowed to dry out before it is carefully
cleaned. Dried phytoplankton or formalin preservative
may be quite difficult to remove. The separate parts
are first rinsed under running tapwater, then soaked
for a few minutes in luke-warm water with some non-~
ab;asiye‘ detergent added, then cleaned with a soft
brush or soft tissue paper, and rinsed with tapwater.
Finally they are given a rinse with deionized or dis-
tilled water, and are put away to dry. Special care
should be taken not to scratch either end of the top
cylinder and the entire upper surface of the bottom
plate.
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Identification literature

The following list is not complete., Articles concerning
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Tetrasporales. Die Binnengewédsser 16, Das
Phytoplankton des Siisswassers 6: 1-116, pl,
1-47.
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Phytoplankton checklists

In the BMP the Preliminary Check~list of the Phyto-
plankton of the Baltic Sea (Section D.4.) shall be
used. Additional information can be found in the

following check~lists:

Christensen, T. & Thomsen, H.A4,, 1974,
Algefortegnelse, K&benhavn.

Christensen, T., Koch, C. & Thomsen, H.A., 1985.
Distribution of algae in Danish salt and
brackish waters. 64 pp. Copenhagen.

Drebes, G. & Elbrdchter, M., 1976, A Checklist of
Planktonic Diatoms and Dinoflagellates from
Helgoland and List (Sylt), German Bight.
Botanica Marina. 29. :
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Heimdal, B.R., Hasle, G.R. and Throndsen, J.,
1973. An annotated checklist of plankton algae
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J. Bot. 20.

Hendey, M.I., 1974, A Revised Checklist of British
Marine Diatoms. J. Mar. Biol. Ass, U.XK. 54.

Hallfors, G., 1979. A preliminary check-list of
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National Board of Waters, Helsinki.

Parke, M. & Dixon, P.S., 1976. Checklist of
British Marine Algae - Third Revision. J. Mar.
Biol. Ass. U.K. 56,

Zetterberg, G. 1986. Phytoplankton Code List P4,
Version 86165-GUZ. Code Centre, Swedish Museun
of Natural History.
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Bock, K.J., 1967. Protozoa. Fich, Ident. Plancton.
Cons. int. Explor, Mer, 110, 4 pp.

Brandt, K. & Apstein, C., 1964, Nordisches
Plankton. Zoologischer Teil. 7, Protozoa.
Kiel.

Corliss, J.0. 1979, The ciliated protozoa.
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the Literature. 2. ed. Pergamon Press. Oxford,

Grimpe, G. 1940. Die Tierwelt der Nord- und
Ostsee. Akademische Verlagsgesellschaft,
Leipzig.

Kahl, A., 1935. Protozoca. I. Ciliata. In: Die
Tierwelt Deutschlands. begr. von F. Dahl.
Jena.

Kofoid, A. & Campbell, T., 1929. Conspectus of the
Tintinnoinea. Univ. of Calif. Publ. in
Zoology. 34.

-~ 1839, The Tintinnoinea. Bull. of the Mus. of
Comp. Zool. at Harvard Coll. 84.

Schwérz, S. 1964. Die Tintinnoidea. Hydrobiologia
23,
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Biomass transformations

Introduction

Depending on the purpose of the investigation,
phyvtoplankton biomass can for example be expressed as
cell wvolume (weight), plasma volume or carbon. The
transformations to cell volume rely on measurements of
the size of the species, and a large number of shapes
have to be used for the different organisms. The
transformation of cell volume to plasma volume includes
an estimate of the wvacuole volume, and the calculation
of cell carbon is in turn based on the plasma volume.
The formtlas: recommended below are a step towards a
mofe uniform treatment of counted organisms, in order
to get comparable results from different parts of the

Baltic.

Stereometric shapes and formulas for common phyto-

plankton and protozooplankton in the Baltic

Volumes of species with a small size variation can be
calculated as annual median values. For species present
only seasonally, median values from several years can
be wused. Species with a large size variation are
suitably divided into size groups during counting (e.g.
diatoms and monads).

Methods for calculating volumes of different plankton
species are given in Table D.2Z.

For comparison of the volume of different species in
some parts of the Baltic Sea reference is made to (1,
2, 3, 4, and 12).
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TABLE D.2. Stereometrical formulas for common

phytoplankton taxa in the Baltic

STEREQMETRIC FORMULAS USED

CYLINDER

¢ 0 e

ROTATIONAL ELLIPSOID WITH ELLIPSE-SHAPED CROSS~SECTION

T+1¢b-d

ROTATIONAL ELLIPSOID WITH CIRCULAR CROSS-SECTION

b
—

a |t 49+.a-b%  T.1.d2
A B Y =

i -

ELLIPSOID

b b -

9-a+b+h

h

PARALLELEPIPED
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CONE

h forleh _fed?eh

3 12

TRUNCATED CONE

d3
o —
f 2+d ¢ +d 2
Qehe
. Nehe {R2+Rr4r?) _ h (du 9.9t )
3 ‘
. 12
\-w-—-—y——u—f
oy
TRAPEZOID
hede{a+b

SPECIES

x obligate heterotrophic
xx facultative heterotrophic

7 autotrophic/heterotrophic unknown

NOSTOCOPRYCEAE (Cyanophyceae)

x Achrocnema: cylinder
Anabaena: cylinder
Aphanizomenon: cylinder
Chroococcus: cells as spheres, dividing cells as spheres/2

Gomphosphaeria: outer sphere = inner sphere
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Lyngbyz limnztisa: cylinder

derismopedic: cells as spheres, dividing cells as spheres/2
Miorocystis: cells as spheres (cf. Reynolds & Jaworski, 1978)
Nodularta: cylinder

Osctilatoria: cylinder

Phormidium: cylinder

Pseudoanabaena: cylinder

CRYPTGPHYCEAE

x Chilomonas: cone + sphere/2, rotational ellipsoid (ellipse-shaped
cross-section)
Chroomenas: cone + sphere/2, rotational ellipsoid (ellipse-shaped
cross~section)
Cryptomonas: rotational ellipsoid (ellipse~shaped cross—section)

Rhodomenas: cone + sphere/?2

DINOPHYCEAE
xx Amphidintwm: votational ellipsoid * % (ellipse~-shaped cross-section)

'y I Vel . .
Ceratium furca: cone + parallelepiped + trapezoid + cylinder

Lineatum:
<O\}. __________ >
13
i
§
<:::I) : ¢C__ 70
3
: v

Ceratiwn fusugs: cylinder + truncated come

([} D&

Ceratium longipes:

macrocerss:  cone + cylinder + sphera/2

tripos:

N

Q. Y

?

XX
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Cochlodiniwm: rotational ellipsoid
Dinophysis acuminata: two truncated cones - 50%

norvegica: -

Dinophysis acuta: ellipsoid

Ebria: sphere/2 - 30%Z., If the skeleton is missing calculate the
volume as a sphere

Glenodiniuwn: sphere - 10 to 407

Gonyaulax catenata: sphere/2

Gonyaulax diacantha:

trapezoid + parallelepiped/2
triaeantha:

parallelepiped /2

trapezoid
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Gonyaulax grindleyt: CHRYSOPHYCEAE

polyedrea: sphere ;z ¥ Bicocoeca:

tamarensts ? Dinobryon: rotational ellipsoid or sphere
Gontodoma: sphere ;ﬁ Kephyrion:

xx  Gymnodint.m spp.: Dictyocha: cylinder

2 cones or 2 spheres/2 - L0 to 407
Cyrodiniwn spp.:

Gymnodintun gimplex: 2 spheres/2

Gymnodintwn splendens: (sphere/2 + cone)/2

Heterocavsa triquetra: 2 cones - 207

Minuscula bipes: cone - 50%

x Noettluca miliaris: sphere

xx Jzytoxwn: 2 cones
Polykrikos: cylinder

Prorocentrum balticum: sphere - 107, measurement should be made -
Mcllcmonas: cone + sphere/2
at maximum diameter
. Synura: cone + sphere/2
Prorocentren micans: parallelepiped + parallelepiped/? .
Uroglera:

Protoperidiniwn: General formulas for volume calculations: sphere or rotational ellipsoid (ellipse~shaped

Urcgisgnopsis: :
cone + sphere/2, 2 cones, sphere, 2 cones + ¢ross—section)
cone. Generally the velumes have to be reduced
by 10 to 307 because of the concaviry of the
ventral side. BACILLARIOPHYCEAE

x 2. breve: %i Achnanthas: parallelepiped

X brevipes: cone + sphere/2 ii Actinocyelus: cylinder

x conteoides : | Amphiprora: ellipsoid

«  stetnii: Amphora: ellipsoid

X elaudicans: {cone + 2 cones) - 307% é} Asterionella: parallelepiped

% conteun: (cone + 2 cones) =~ 257 % Attheya: ellipsoid

X depressum: (cone + 2 cones) - 30% i? Bacillaria: parallelepiped

x divergens: (coue *+ 2 cones) - 307 ?_ Biddulphia: ellipsoid

x granii: (cone + sphere/2) ~ 20% ;; Cerataulina: cylinder

X pallidwn: {cune + sphere/2) - 307 ;- Chaetoceros: ellipsoid

X pelluctdum: (cone + sphere/2) - 103 ; Coceoneis: ellipsoid
Serippsiella faeroemse: sphere é; Cosetnodiscus: cylinder + two caps

?  Warmowiq: rotational eilipsoid @E Cymbella: ellipsoid

Dactyliosolen: cylinder
Detorula: cylinder
Dtatoma: parallelepiped

Diplonets: ellipsoid

Ditylwn: cylinder
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Eptthemia: ellipsoid

Eunotia: ellipsoid

Fragilarita: parallelepiped PRASINOPHYCEAE

Gomphonemz: ellipsoid i Pyramimonas: trapezoid
Crarmatophora: parallelepiped :

Guirardia: cylinder CHLOROPHYCEAE

Gyrostgma: ellipsoid Ankigtrodesmus: cone + cone

; Al :
Hamtzschta: cylinder Carteria: sphere or rotational ellipsoid

Lauderta: cylinder Chlamydomonas: sphere or rotational ellipsoid

Leptoaylindrug: cylinder . Chlorella: sphere

Licmophora: parallelepiped/2 Chlorogonium: cone + cone

Melosira: cylinder Dichtyosphaeriwnm: cells as spheres

Vavicula: parallelepiped, parallelepiped/2 Golenkinia: sphere

Nitzgehia: parallelepiped, parallelepiped/2 Kirchneriella: cone + cone or rotational eliipsoid

Pinmularia: parallelepiped, parallelepiped/2 Monorcphidiwm: cone + cone or rotational ellipsoid

Porosira: cylinder :_ Qocysits: rotational ellipsoid
Rhabdonema: parallelepiped é_ Pediastrwm: cylinder with height as the shortest side of one cell

Rhizosolenia: cylinder j: in the middle of the coenobium

Rhoicosphenia: parallelepiped/2 :

EFhopalodia: ellipsoid ? h
Skeletonema: cylinder :

Stephanodtscus: cylinder

Surirellia: ellipsecid

Synedra: parallelepiped, parallelepiped/2

Tabellarta: parallelepiped }i n

Thalassionema: parallelepiped

Thalasstosira: cylinder
Planctonema: cylinder
XANTHOPHYCEAE Scenedesmus: cells as rotational ellipseid or cone + cone
Centritractus: rotational ellipsoid xx Monads size groups g “'jg pm
. . £ - m
Glosochloris: cells as spheres or rotational ellipsoids ? 5 .¢7 im sphere or rotational ellipsoid
Ophiocytium: cylinder ; 7 -<10 unm
10 -<15 yp
EUGLENQPHYCEAR 15 -<20 ym, etc.
Colactum: { 1 i
L tum: rotational ellipsoid PICOPLANKTON < 2 um
Euglena:
. . . . . CHCANOFLAGELLIDA
Eutreptia: cylinder + cone, cone or rotational ellipsotid :
Eutreptiella: ; Acanthoeca: '
Trachelomonas: sphere or rotational ellipsoid : Acanthoecopsis:
: Calliacantha: v rotational ellipsoids or spheres
Crinolina:

Desmarella:
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Dilapharoseq:
Dplothecq:
Morosiga:

Parvicorbicula:

Pleurasiga: rotational ellipsoids or spheres

Salpingoeca:
Sarceca:
Stephanceca:

Savillea:

CILIATES WITH ENDOSYMBIOTIC ALGAE
Mesodinium =30 juas 2 « sphere - %

=30 Jum sphere

CILIATES

cilate: gphere %, cone or ellipsoid
Drdynium: truncated cone
Lokmannielia: sphere

Strombidiwm conticwn: cone

Strombidiwn lagenula: cone
Strombidium stylifer: cone

Tiartng: cylinder + cone

Tontonta gracillima: sphere

Tontonia appendiculariformes: 2 truncated cones
Tintinnids

Coxlizlla heliz: cylinder + cone
Fevella denticulata: cylinder + cone
Helicostomella subulata: sphere - 30%
Stenosomella nucula: sphere - 303
Stenosomella ventricosa: cone
Tintvnmopsis berotdea: cone

Tintinnopsts tubulosa: cone

Volume caleulations for Tintinnmids may be difficult due to t

the_organisms. The measurements rmust be done when *he siiia

<t

the shell. In preserved samples, however, the oiliate nsually

the shell. In that case a certain amount must be subtracted
volume. This amount must be found From measurements CoF the s

ctitate. It 15 sufficient to measure this in one sample.

z
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Plasma volume calculations

All phytoplankton, except diatoms.

In this recommendation it is assumed that plasma volume
(PV) eguals cell volume (CV). See, however, Sicko-Goad
et al. (5).

PV = CV

unit: um?

Diatoms

Different methods for calculation of the plasma volume
have been suggested by (6 and 7). The method
recommended here is a modification of that given by
Strathmann to include pennate diatoms, Plasma volume

(PV) equals cell volume {CV) minus vacuole volume (VV).

The vacuole volume is calculated by subtracting plasma
thickness (c¢) from the measurements of length, breadth
etc. (see Figure D.,1. below). If a measurement extends
from cell wall to cell wall, 2 ¢ should be subtracted
from the measured value. When using a measurement such
as radius that is not bounded by the cell wall and thus
contains only one layer of plasma, only ¢ should be
subtracted. Values of ¢ have been given by Lohmann (8)

and Smayda (6) and are in the range of 1 um.

D¢ to the high content of organic matter in the
a0le, only 90 % of the vacuole volume should be
subtracted from the cell volume to give the plasma

volume.

PV = CV - (0.9 . VV)
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FIGURE D.1. Girdle view of a centric diatom with

diameter d, height h and plasma
thickness c.

PV = LV = (0.9 - VV)

rd?.
Cell Volume: .‘;_d.._.,ﬂ

g

S Vacuole Volume:!'{d'ec):'(h’ac)
- - 4

Plasma Yolume: Cy =~ (0.9 » vV}

o4

a ¢

Carbon content calculation

Based on the above biomass expressions, it is possible
to calculate the carbon content of phytoplankton.
Several equations based on both cell volume and plasma
volume have been proposed by e.g. Strickland (9),
Mullin et al. (10), Strathmann (7), Eppley et al., (11).

It is recommended that the plasma volume be multiplied
by a factor of 0.13 for armoured dinoflagellates (2)
and 0.11 for all other phytoplankton (7) and ciliates
(2)., 0.13 has been chosen because of the higher carbon

content of the cdell walls of armoured dinoflagel. 3,

armoured dinoflagellates: C = PV , 0,13
all other phytoplankton

and ciliates: C =PV . 0.11
units: C (carbon) - picogram

PV (plasma volume) - um

h)

i)
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For comparison of the carbon content of different
species in some parts of the Baltic Sea, see Smetacek
(2) and Edler (4).

Presentation of results and data reporting

For the data reporting see Sections D.10 and D.11.
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ANNEX I

Annex I to Section D.3. Phytoplankton

Notes on accessory methods for species determination,
and on the determination of protozooplankton vs. non-
photosynthetic phytoplankton.

Fluorescence microscopy is needed in order to obtain

reliable counts of unicellular autotrophic picoplankton
species. Experienced workers may reach order~of-
magnitude accuracy with relatively large cells such as
Micromonas pusilla and Nannochloropsis Sp. by the
Utermdhl .technique, but if mineral particles are
abuﬁdanf, the results may be questionable. Coccoid
blue-green algal cells about 1 pm in diameter or
smaller can be distinguished from true bacteria, and
thus quantified, only by fluorescence microscopy.

Methodological details are given by Hoppe et al,
{(3), Vargo (8) and Haas (2).

Centrifugation of living water samples is recommended

for the study of "delicate nanoplankton flagellates
whose morphology usually deteriorates upon fixation to
the extent that they become virtually unrecognizable
(e.g. small naked dinoflagellates, many chrysophytes
and prymnesiophytes, some prasinophyvtes, and most
zooflagellates). Besides, several genera or even some
species are well characterized by their mode of
swimming (e.g. Pseudopedinella: Prymnesium: Chryso -

ehromulina, Pavlova, Micromonas pusilla + Nephroselmis) .

A simple bench centrifuge with a swing-out head taking
4-6 25 ml pointed centrifuge tubes is adequate. At
1500~-2000 rpm 'a centrifugation time of 10 min is
sufficient.
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To optimize the viability of the cells under the

microscope, the glassware should be as clean as

possible (cf. 9).

Dry preparations observed with a good o©il immersion

phase-contrast objective make posgible the
determination of a limited number of species in the
genera Paraphysomonas and Chrysochromulina on the basis
of their scale morphology, some coccolithophorids, and
most choanoflagellates.

Suitably concentrated material obtained by centri-
fugation as described above is pipetted onto cleaned
cover glasses, fixed by exposure to the vapour of a few
small drops of 1-2 % 0304

for 30-45 s (under a fume hood), and allowed to dry.

solution inside a Petri dish

The salt is washed away by immersing the cover glasses
into distilled or deionized water for 10 min, after
which they are dried again. Finally the cover glasses
are turned specimen side downwards, and are glued to
glass slides,

required for a positive

Electron microscopy is

determination to specles level of most scale-covered

organisms. These include most prymnesiophytes and
prasinophytes, some chrysophytes (Mallomonadaceae and

Paraphysomonadaceae), and certain protozoan groups.

The method of making direct preparations onto specimen

grids 1s wvery similar to that described for dry

preparations. A detailed account of the technique has
been given by Moestrup & Thomsen (5). Species with thin
scales shadowing for TEM. Most

organic require

silicified scales can also be determined without
shadowing. Strongly calcified coccolithophorids usually
require SEM, as do a number of dinoflagellates with

thin thecal plates.

5
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Diatom preparations are necessary for the determination

of most nanoplanktonic disc-shaped centric diatoms

(e.g. C(Cyclotella, Stephanodiscus and Thalassiosira)
even at the generic level. The majority of littoral
pennate diatoms also require diatom preparations for
determination at the species level; for some navi-
culoids, even at the generic level,

A rapid and satisfactory method of making diatom
preparations is as follows: Put less than 0.5 ml of
1 ml

conc. HNO,. Hold the test tube with a clothes-peg or

concentrated sample into a test tube., Add ca.

similar, and heat on a small flame inclining the test
tube 45~-60° from the vertical and continuously shaking
with caution in order to avoid overheating and
spitting. Keep the opening of the test tube away from
yourself in a safe direction. Boil for 1-5 minutes
until the solution is clear and white vapours start to
form. If the material is not completely oxidized after
5 min,, add a few drops of conc. H2804 {beware of

overheating) and repeat.

The oxidation with acids should be performed under a
fume hood. If a fume hood is not available, the acids
can be replaced by enough K25208 to make a nearly
saturated solution at +100° C, The sample volume can be
increased to ca. 2 ml. Heat for 1-2 h in a boiling

water bath occasionally replacing the evaporated water.

Cool and dilute the contents of the test tube by adding
at least 10 ml water and transfer to a centrifuge tube.
Spin the material down at 1500-2000 rpm for 20 min.
Remove the supernatant preferably using a Pasteur
pipette attached to a water suction pump. Resuspend the
sediment with a jet of water from a wash bottle, and
spin it down again for 10 min. Repeat the rinsing pro-
cedure at least five times. Use distilled or deionized

water in no less than the two last rinses. Dilute with
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water to a suitable (by experience) turbidity and
transfer a few drops to a clean cover glass. Evaporate
the water, preferably slowly under cover to achieve an
even distribution. Add a suitable amount of embedding
medium with a high refraction index (e.g.
Clophenharpiks, Hyrax, Styrax) onto a clean slide,
place the cover glass on the top (or pick it up with
the embedding medium on the slide), and heat gently on

a hot plate to expel air bubbles and evaporate the

solvent.

It should be recognized, however, that some of the
smallest centric species, and small species of the
genera Fragilaria, Achnanthes and Navicula, at least,
and some pyitzschia Species, still require electron

microscopy {(TEM or SEM) for a safe determination.

Protozoa and non-photosynthetic phytoplankton

When working with phytoplankton, it is convenient to
determine the protozooplankton as well. The distinction
between algal and protozoan higher systematic units is
vague to the extent that some researchers tend to
classify them together as protists. Most genuine algal
classes contain species or even whole genera which are
non-photosynthetic, and which thus functionally should

be regarded as zooplankton, for example, Cryptophyceae:
Cryptaulax, Cyathomonas, Katablepharis, ILeucocryptosi
Dinophyceae: Amphidinium PePey Gymnodinium  P.Peq
Gyrodinium PePay Oxyrrhis, Noctiluca + Oblea:
Protoperidinium: Ebria i Prymnesiophyceae: Balaniger i
Chrysophyceae: Paraphysomonas; Euglenophyceae: Astasia:

Peranematales; Chlorophyceae: polytoma.

A major obstacle to a uniform treatment is the distinc-
tion between the Botanical and Zoological Nomenclatural
Codes and the incompatibility of the systematic super-

structures. A number of different phyletic groups gen-
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erally considered by botanists as algal classes within
a number of divisions (e.g. 1) are treated by
zoologists as orders of the c¢lass Phytomastigophorea
(Phylum Sarcomastigophora, Subphylum Mastigophora; 4).
While groups 1like the choanoflagellates and the
bodonoid flagellates, which until recently were claimed
by phycologists, now seem toc be generally accepted to
belong in the animal kingdom, some groups are still
disputed or uncertain, or lack a satisfactory svstem-
atic superstructure, e.g. the bicoscecoids and many
colourless members of the Proto- and Polyblepharidinae
and Polymastiginae (6, 7), etc. On the other hand,
connections have been found in the Pedinellales (9)
between a chrysophyceaen lineage and members of the
protozoan order Actinophryida {Phylum Sarco-
mastigophora, Class Heliozoea). There are alsc a few
true animals which function as plants because they have
intracellular photosynthetic symbionts (e.qg.

Mesodinium} .

Even with the procaryotes, a uniform conception is
lacking regarding the limits of the systematic entities
and their names. The blue-green algae seem to be a
rather homogeneous group, regardless of whether they
are referred to as Cyanophyceae, Nostocophyceae or
Cyanobacteria. Problems of delimitation arise when
morphologically similar non-photosynthetic types are
included (e.g. Beggtatoa, Achroonema), Or when the
organisms are so small, i.e. usually less than 1-1.5 pm
wide, that special methods (e.qg. fluorescence
microscopy) are required to determine whether the cells
contain chlorophyll or not. This concerns for instance
narrow Oscillatoria sSpp . VS. Aechroonema SppP..,
Merismopedia warmingiana VS. Lampropedia hyalina , and
very small photosynthetic coccoid cells vs. true
bacteria. '
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This check-list summarizes the present state o} knowledge concerning the species

" composition, nomenclature and, 1o some degree. the spatial and temporal disiributions
of phytoplankton species in the Baltic Sea. The area has been divided anto ten subareas
the outermost being the Karttegar. The occurrence of the species, ang when possible,
their ecologica charactenzation, are given within each subarea.
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INTRODUCTION

Studies of phytoplankion in the Baltic Sea have
a long tradition. They started about one
hundred years ago (Hensen 1887) and. since
then, humerous investigations have been carried
out. During the past 15 years it has become
more and more evident that phytoplankion
research has been hampered by the lack of a
modern determination manual. Usually deter-
mination has to be based on extensive taxo-
nomicai literature which very often is difficult to
obtain.

The objective of compiling the present list was
to record available information concerning
species composition of Baltic Sea phyto-
plankton, the nomenclature of the species, and
to some degree their spatial and temporai
distributions. By this means we hope to facilitate

and encourage further research. The {ist is in-
tended to be used as an easily cited source in
matters concerning nomenciature and the dis-
tribution of phytoplankton species in the Baltic
Sea. It is an extension of the list of Hallfors
(1979) and inciudes the whole Baltic Sea.

The list1s not to be considered as complete. It
is mainly based on our own material and ex-
perience supplemented with literature daia.
However, the literature coverage is not ex-
tensive, We jack material from certain regions
{especially AS and RB), and have been unable (o
secure encugh published information. For these
subareas, as well as other subareas we shall be
grateful to receive records, corrections and
improvements in order 1o make the next edition
as useful as possible,

ARRANGEMENT OF THE LIST

For the purpose of the check-list the Baltic Sea
has been divided into ten subareas (Fig, 1), the
‘qukmg _C-rou;p 15 of the Baltic Marine Biologists.
Baltic Marine Biotogists Publication No t1

Bothnian Bay (BB), the Bothnian Sea (BS), the
Archipelago Sea {AS), the Gulf of Finland (GF),
the Riga Bay (RB), the Northern Baltic proper
{NB), the Central! Baltic proper (CB), the
Southern Baltic proper (SB), the Arkona Basin
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oL

Norway

Sweden

FRG ¢ GOR .

Poland

Finland

USSR

Fig. /. The Baltic Sea with the subareas indicated Tor which records of planktome species are inctuded in the cheek-lint, BB =
the Bothruan Bay, BS = the Bothnian Sea, AS = the Archipelugo Sea, GF = the Gubt wr Finlund, RB = the Riga Buy. NB =
the Notthern Baluc proper. OB = the Central Bultic proper, SB = the Southera Baltie proper. AB = the Arkeny Basin, and

KB = the Katiegat and Belt Sea Area

(AB), and the Kattegat and Belt Sea Area {KB).
To facilitate rapid location of samples, well
defined borders have been drawn which differ
somewhat from previously proposed ‘natural’
borders. When considering division of the area
for other purposes the borders suggested by
Ekman (1931} and by Wattenberg (1949) should
be taken into consideration,

Species are listed alphabetically under each
Order. We have tried to consider recent nomen-

clatural changes and have included the most
important synonvms used in the Baitic Sea in
brackets below each species. The number(s) in
brackets after a name refers 1o an annotation at
the end of the list, For the sake of clarity.
author’s names are mostly given in full. For
abbreviations, see Christensen & Thomsen
(1974} and Parke & Dixon (1976).

When a species has been recorded from an
area, there is a symbol in the proper column.

Explanation of the symbois

accurrence without ecological charsctenization

cold waler species (<10 O)

warm water species (>10° C)

main eccurrence in the littoral

freshwater species which does not tolerite the 1ull
salimity ol the area

b speaies belonging o waters of lower salinsty than that
ol the area

——F 0 g4
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species belongimg to waters of higher salimy than thar
of the area

main occurrence in eutrophied waters

questionable record

symbol not very stricty applicable. ¢.g. (¢) = generaily
but not exclusively cold-water species

no record

——

KB

AB

SB CB NB RB GF AS BS BB

CYANOPHYTA (CYANOBACTERIA)
Nostocophyceae (Cyanophyceae)

CHROOCOCCALES
Aphanvcapsa Nigeh
clackiviy W. & G.S.West var. efuchista -
var. planciomca G. M. Smith -
Aphanmthece Nigeli .
vlathrata W_ & G.8.- West -
14 clathrorg var. breviv Bachmann)
Chroveoreus Nageli
femnenicus Lemmerman -
mngeiay (Kutzsng) Nigeh (D) -
rurgtdus (Kutaing) Nageli -
Coelnsphaernum Nageli {2)
Auerzingtanum Nagell -
Gloeorhree Nagel
composita {G.M.Smith} Martens & Pankow -
Gumphosphaeria Kitzing
aponing Kiitzing -
lacusiriy Chodat var. lacustres —
thioralis Havrén)
nuegeliana (Linger) Lemmermann -
1 Ceelosphacrium naegelianum Unger)
pusila (van Goor) Komarek -
Merismopeda Meven ()
clauca (Ehrenberg) Nageli -
punciata Meven -
warnungng Lagerheim -
tatfiae 2. Richter)
tminima G Beck)
tpuncigia £ minor Lagerheim)
tremanssima Lemmermann)
Microcrocrs P Richter
sabulicaty (Lagerheim) Gertler +
Mierocvsiny Kutzing
aerugineg PKuatring) Kizng (4) wi
(flos-aquae { Witrocky Kirchoer)
halophila Martens & Pankow {4} -
rembotdii (Richtery Foru () w
tdphanocapsa delicarissima W. & G 8. West)
(Microeysns incerta {Lemmermann)
Lemmermann)
(M. pulverea (Wood) Foru)
(M. pulverea var. incerra {Lemmermann)
Crow)
wesenbergi (Kamarek) Starmach -
Rhabdoderma Schmidle & Lauterbomn
ltneare Schmidle & Lauterborn— -

wi

wi - wi - wt - - -
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NOSTOCALES

Achroonema Skuja (5
lentum Skuja
proteifarme Skwa
proteus Skuja
Anabaena Bory ex Borner & Flahault
baltica Schmic
{A. spiroides {. bafiica {Schmidt) Pankow)
ciremnalis Rabenhorst
(A sprrowdes [, hassallii (Kitzing) Pankow)
cviindrica Lemmermann
(A. subcylindrice Borge) (6)
ingequalis (Kitzing) Bornet &
Flahauk
lemmermannii P.Richter {7
(A. flos-aquae {. femmermanni (P.Richter)
Canabacus)
oscillarioides Bory ex Bornet & Flahault (10)
scheremetievii Elenkin {8)
spiroides Klebahn (9)
torufosa (Carmichel ex Harvey in Hooker)
Lagerheim ¢x Bornet et Flahault (1)
vanabiiis Kutzing ¢x Bornet & Fiahault (10,
14, 12)
Anabaenopsis V. Miller
elenkinii V. Miller (13)
Aphanizomenon Motren ex Bornet & Flahault
flos-aguae (L) Ralfs ¢x Bornet &
Flahault {15)
gracife {Lemmermann) Lemmermann
Beggiaroa Trevisan (14)
aiba (Vaucher) Trevisan
fepromiriformis (Meneghini)
Trevisan
minima Winogradsky
rtirabilis Cohn
Gloeotrichia 1.GG. Agardh ex Bornet & Flahault
echinuiara (J.E.Smith} Richter
Lyngbya C.A.Agardh ex Gomont
contoria Lemmermann
limperica Lemmermann
Nodularia Mertens ex Bornet & Flahault
harveyana {Thwaites) Thuret ex Bornet &
Flahault
spumigena Meriens ex Bornet & Flahault (15)
Oscillaroria Vaucher ex Goment
agardhii Gomont var.
agardhii
- var. iserhrix Skuja
amphibia C. A.Agardh ex Gemont
bornetii (Zukaly Forti I, borneti
{. tenuis Skuja
chalybaea {Mertens) Gomont
chloring (Kitzing) Gomont (8)
curviceps C.A.Agardh ex Gomont
Tacusiris (Klebahn) Geitler
limnerica Lemmermann (16)
fimosa C.A.Agardh ¢x Gomont
okenii C.A Agardh ex Gomont
plancionica Woloszyniska
sancia (Kitzing) Gomont {8)
splendida Greville ex Gomont

KB

-6d =~

AB

SB CB NB

|
H
£

- - wle

- - wle
- - wle
- - wle

RB GF

- wi

|
£

- wie
- wie

e wle
-~ wle

-~ wlf

AS

BS

BB

subtitissima (Kutzing) Gomont (8}
teruls C A Agardh ex Gomont
Phormidium Kitzing ex Gomont
aurumnale (C.A.Agardh) Gomont ex Gomont
("
mucicola Huber-Pestalozzi & Naumann
Raphidiopsis Frusch
mediterranea Skuja (31
Speruding Tuepin ex Gomont
balnica Martens & Pankow
mapor Kiitzing ¢x Gomont
subsaisa Orstedt ex Gomont
Thiothrix Winogradsky (14)
annulata Molisch
ntvea (Rabenhorst) Winogradsky

CRYPTOPHYTA
Cryptophyceae
CRYPTOUMONADALES (5)

Chroomonas Hansgirg (18, 19)
Crvpaulax S¥uja

maning Throndsen (17)
Crypromonas Ehrenberg (3)

bainca (Karsten) Butcher

erosg Ehrenberg

ovata Ehrenberg

pelagicatLohmann; Buicher

pustile Bachmann
Katablepharis Skuja

ovalis Skuja (37)
Lencocrypros Butcher

marinag (Braarud) Butcher (11)
Rhodomonas Karsten

minuia Skuja (1}

DINOPHYTA
Dinophyceae
FROROCENTRALES

Prorocentrum Ehrenbery

bhaineum (Lohmann) Loeblich 1

| Exuvid. {{a baltica Lohmann)
canyuhicum (Woloszynska) Dodge
{ima (Ehrenberg) Dodge

(Exuvigella marina Cienkowski) (10)
micens Ehrenberg
mintmum Schiller

{Exuviaefla minima Pavillard)

DINOPHYSIALES

Dinophvsis Enrenberg

acuminata (Clapuarede &

Lachmann)
(fachmannti Paulsen)

acuta Ehrenberg (20)

arctica Mereschowsky (10)

baitica (Paulsen) Kofold & Skogsberg (1)
tovum var, baliica Paulsen)

groenlandica (Schiller} Balech (4)
{Phalocroma groenfandica Schiller)

]

tw)

wph -

AB

I = — 1
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(w)
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hastata Stein
norvegica Claparéde & Lachmann (20)
rorundata Claparéde & Lachmann
{ Phaiachroma roiundarum (Clap. & Lachm.)
Kofoig & Michener)
tripas Gourret (21)

GYMNODINIALES

Actimiscus (Ehrenberg) Ehrenbery
peniasrerias Ehrenberg
(Gymnaster pensasterios {Ehrenberg)
Schin)
Amphidinium Claparéde & Lachmann
carteri Huiburt
crassum Lohmann (22)
longum Lohmann (11, 22)
(Yacutum Lohmann)
opercufaium Claparéde & Lachmann (8)
pelfucidum C, Herdman
semifunatum C. Herdman (10)
stetntd { Lemmermann) Kofoid & Swezy
Cochlodinium Schiitt
helicoides Lebour (22)
peflucidum Lohmann
Gymnodinium Stein {3, 5)
gracile Bergh
{ohmannii Paulsen
simplex (Lohmann) Kofoid & Swezy (11)
splendens Lebour
westificii Schiitt
Gyrodinium Kofoid & Swezy {5}
aqureofum Hulburt
fissum {Levander) Kofoid & Swezy
(Gymnodintum fissum Levander)
(Spirodinium fissum (Lev.) Lemm.)
fusiforme Kofoid & Swezy
fongum {Lohmann) Kotowd & Swezy
spirale (Bergh) Kofoud & Swezy
Hemudinium Swn
Agsuium Sten
ochraceum Levander (23}
Katodinium Fott (5)
{Massartia Conrad)
rotundatum (Lohmann) Fort
Oxyrrhis Dujardin
marina Dujardin (23)
Polykrikos Bitschli
schwarizii Butschi
Pronociiluca Fabre-Domerque
pelagica Fabre-Domerque {22)
Torodinium Kofoid & Swezy
reredo (Pouchet) Kofoid & Swezy
Warnowia Lindemann
parva (Lohmann) Lindemann (22)

NOCTILUCALES

Noctiluca Suriray
seintillans (Macartney) Enrenberg

KB

(w}

te4++41+ 1 4

£

-GH—

AB

(w)
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PYROCYSTALES

Dissodinium Kiebs 1a Pascher
preudolunuia Swift
{Gymnodinium lunula Schutt}
{Pvrocvsis funula (Schiitt) Schitt} {24)

PERIDINIALES

Ceranum Schrank
arcrium i Ehrenberg) Cleve
bucephalum (Cleve) Cleve
Jurca (Ehrenberg) Claparéde & Lachmann
tusus {Ehrenberg) Dujardin
mrundinella (C.F Miller) Schrank
horridum (Cleve) Gran
ttermedium (Jorgensen) Jorgensen
lineaturt (Ehrenberg) Cleve
longipes (Badeyv) Gran
L AgCrocera) {Ehrenberg) Vanhétien
,.R,nm 1O.F . Miiller} Nitzsch
Cladepyxis Stein
clayronii R.W.Holmes
Entzie Lebour”
acuta ( Apsiein} Lebour
{ Peridinium latum Paulsen)
Glenodinium Ehrenberg (3)
damcum Paulsen
folaceurm Stewn (10)
gymnodinium Penard
pautulum Lindemann(11)
penardiforme {Lindemann) Schiller (11}
warmingli Bergh
Gonivdoma Stein
ostenfeldii Pauisen (1)
Gonvaulax Diesing
carenaid (Levander) Kofoid
digirafiy 1Poucher) Kofoid
evcavata (Braarud) Bajech
vamarensts Lebour)
grindlevi Reinecke
(Prowceratium rericulatium (Claparéde &
Lachmann} Bitschh)
helenyry Wojoszynska (1)
polvedra Stein
spiaiferg (Claparéde & Lachmann) Diesing
trigcantha Jorgensen
verior Sourma
{diacantha (Meunier) Schiller)
Heterocapsa Siein
triquetra (Ehrenberg) Stein
{Peridinium triguetrum (Ehrenberg) Lebour}
Micracanthodinium Deflandre
setiferum {Lohmann) Deflandre
{Cladopyxis serifera Lohmann)
Oblea Balech
rotundy (Leboury Balech
(Peridinopsis rorunda Lebour)
(Glenodinium rotundum (Lebour) Schiller)
(Peridinium fimnophilum Lindemann}
Peridinium Ehrenberg
balticum (Levander) Lemmermann
(Glenodinium balticum Levander)

KB

1 £ £ + +
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cincium (O.F.Milen Ehrenberg
hangoet Schiller
{gracile Lindemann}
inconspicuum Lemmermann
willei Huitfeld-Kaas
Protoperidinum Bergh
(Peridintum p. p.)
achromaticum (Levander) Balech
(Peridinium achromaiicum Levander)
avellana Meunier {11}
{ Peridinium avellana (Meunier) Lebour)
bipes (Panlsen) Balech
{ Glenodinium bipes Paulsen)
(Peridinium minusculum Pavillard}
{Minuscula bipes (Paulsen) Lebour)
breve (Paulsen) Balech
brevipes (Paulsen) Balech
{ Peridinum brevipes Paulser}
cerasus {Paulsen) Balech
(Peridinium cerasus Paulsen)
claudicans (Paulsen) Balech
(Peridinium claudicans Paulsen}
conicoides (Paulsen) Balech
(Peridinum conicoides Paulsen)
conteurn (Gran) Balech
{ Peridinium conicum Gran}
crassipes {Kofoid) Balech
{ Peridinium crassipes Kofoid)
curvipes {Ostenfeld) Balech
{Peridininm curvipes Ostenleld)
decipiens (Jorgensen) Parke & Dodge
(Peridinium decipiens Jotgensen)
deficiens {Meunier) Balech (8)
{ Peridinium deficiens Meunier)
depressum {Bailey) Balech
(Peridinium depressurnt Bailey)
divergens (Ehrenberg) Balech
| Peridinium divergens Ehrenberg)
excentricum (Paulsen) Balech
( Peridinium excenrricum Pauisen)
granii (Ostenfeld) Balech
{ Peridinium granii Ostenfeld)
(Peridinium finlandicum Paulsen)
{Peridinium divergens var. levanderi
Lemmermann)
jeonis (Pavillard) Balech
(Peridinium leonis Pavillard)
longispinum (Kofoid) Batech (22)
oblongum (Aurivillius) Parke &t Dodge
¢ Peridinium oblongum Aurivillius)
oceanicum (Vanhaffen) Balech
(Peridimum oceanicust Yanhoffen)
ovatum Pouchet
{Peridinium ovatum (Pouchet} Schiitt)
pallidum Ostenfeid) Balech
(Peridinium pallidum Ostenfeid)
peflucidum Bergh
(Peridinium pellucidum {Bergh) Schiitt)
pentagorum (Gran) Balech
[ Peridinium peniagonum Gran)
punctulatum {Paulsen) Balech
(Peridiniym punciularum Paulsen)
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pyriforme (Pauisen) Balech
{Peridinium pyriforme Paulsen)
roseum (Paulsen)} Balech
(Peridinium roseum Pauisen)
sieinii {Jorgensen) Bajech
(Perdinium steinii Jorgensen)
subinerme {Paulsen) Loeblich I}
(Peridiniunt subinerme Paulsen)
Pyrophacus Stein
horologicunt Stein
Scrippsielfa Balech ex Loeblich ili
rrochoidea (Stein) Loeblich 11 (11, 25)
(Peridinium trochoideum (Siein)
Lemmermann)
Zygabikodinium Loeblich (1. & Loeblich {11
lenticulatum Loeblich fil. & Loeblich 1T} {26)
(Dipiopsalis lenticula §. minor Paulsen)
(Glenodinium lemiicula {. minor (Paulsan)
Pavillard)
{Diplopeltapsis minor (Paulsen) Pavillasd)
Amphrdiniopsis Woloszynska
kofoudii Woloszyriska .

EBRIALES (14)
Ebria Bogent
triparuia (Schumann) Lemmermann
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PRYMNESIOPHYTA (HAPTOPHYTA)

Prymnesiophyceae { Haptophyceae)
ISOCHRYSIDALES

Gephyrocapsa Kamptner
huxleyi {Lohmann) Reinhards
{Cocculithus huxieyi (L.ohmana} Kamptner)

(Emiang huxlevi {Lohmana} H
Motler) ' e

Pleurochrysis E. G, Pringsheim
carterae { Braarud & Fagerland)
T. Christensen
(Cricosphaera carterae {Braarud &
Fagerland! Braarud)
(Hyvmrnomonas carrerae (Braarud &
Fagerland) Manton & Peterfi)

PAPPOSPHAERALES

Acanthoica Lohmann

quartrosping Lohmann
Balaniger Thomsen & Qates

balticus Thomsen & QOates
Broarudosphaera Deflandre

bigelowii (Gran & Braarud) Defllandre
Calvptrosphaera Lohmann
Discosphaera Haeckel

tubifer (Murray et Blackman) Ostenfeld {8}
Pappontonas Manion & Oates

virgufosa Manton & Sutherland

PRYMNESIALES

Chrysochromuling Lackey (5)
acantha Leadbeater & Manton
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bavaricum Imhof - - - - - - f - f {
cxlindricum Imhof - - - - - - - - - f

aliter Parke <t Manton in Pagke. Maunion & ~ _ _ - - - - - - divergens lmhof f f - - - - f - f +

Clarke : _ . _ — -— - - - : peliolaim Willén W w w w w - w - w )

pergenensts Leadbeater _ — — - - - + - - sertularia Ehrenberg - - - - - - f - - -

birger: Hallfors & Nem sociale Enrenberg - - - - - - f _ - "

hre:wﬁn'um Parke & Mantonin Parke. Manton . 3 _ . _ - - - - - suecicum Lemmermann - - - - - - f - - {f

- -~ - - - - Mallomonay Perty

& Clarke _ _ — \

campanulifera Manton & Leadbeater + akrokomos Ruttner (27) - - - - - - f - - -

chuton Parke & Manton in Parke, Manton & B _ _ ~ - - - - - caudata Iwanaoff - - - - - - £ - - -

Clarke * _ — - - - - - - producia {Zachanas) Iwanoff - - - - - - £ - - -

cvz:ophom Thomsen w z - - - - - - "' - punciifera Kordikov - - - - - - £ - - -

cymbium Leadbeater & Manion + {regrnae Teing)

¢ hippium Parke & Manton in Parke, Manton N _ — - - - - = - ionsurata Tering - - - - - - f - - -

8fClarkc + Paraphysemonas de Saedeieer (5)
ericona Parke & Manton (i Parke, Manton & _ - -~ - - - - - - bourreliii {Takahashi} Hibberd & Preisig - - - - - - + - - -
Clarke ':' _ _ - - - - - - - burchert Pennick & Clarke - - - o - . + ~ . a
Jis Leadbeater : _ - - - - - - - _ imperforaia Lucas - - - - - - + - - -
";r:f;,;m” Leadbeater * _ _ - - - + - - vestita (Stokes) de Saedeleer - - - - o e f B - e
mantoniae Leadbeater (27 + . _ - - - - - - B Chromaphysemonas Hibberd & Preisig
megacylindra Leadbeater + _ - _ - — - - - - rrioralis (Takahashi) Hibberd & Preisig - - - - - -~ + - - -
m:craé_vh'ndru Leadbeater : . _ - — - - - : _ Svnura Ehl.'enbctg ] : ‘
arkeae Green & Leadbeater _ . _ - — . - ~ petersenit Ka‘mkolv 27 _ _ _ _ _ _ P _ _ _
f,o;,-/fr,,; Manton & Parke : . - - - - - - - sphagmeola (Kor§ikov) Kordikov - - - - - - f - - -
pn'.ngskemff Parke & Manton N _ spinosa Korsikov (27) - - - - - - f - - -
sirohifiy Parke et Mantonan Parke, Manton . B _ ~ _ _ - — - - uvella Ehrenberg (29) N _ - ~ - - ! - - "
Clarke + _ _ - —- - - - - Uroelena Ehrenbcrg
vramidosa Thomsen _ _ americang Calkins - - - - w - w - w w
Ph%eocysns Lagerheim + _ - —_ - - - - _ _ volvex Ehrenberg —_ - - - - - f — _ _
amoebordea Butiner (22) ) _ - - _ - - - B _
pouchetti (Harrion) Lagerheim :_ _ _ - - - - - CHROMULINALES
sphaeroides Butner (2 ' _ _ _ - Apedinetla Throndsen

Prymnesium Massatt + + + - - - spiagfera (Throndsen) Throndsen + - - - - - + - - -
parvum Carter (L1) _ _ - ~ Calvcomonas Lohmann (11)

Trigonaspts Thomsen " - e - “ - _ _ _ ovaly Wulft - - - e w - w - w —
diskoensis Thomsen + - - - - - - vangoort (Conrad} Lund - - - - w - w — w —
munutissima Thomsen _ _ _ wilffii Conrad & Kufferath w w - - w - w w -

Wigwamma Manton. Sutherland & Qates + - - - - - B Chrisococeus Klebs
scenozonton Thomsen hiporus Skuja - - - f -

ryyescens Klebs - - - - )

PAVLOVALES Kephy rion Pascher

. _ - - hermusphaericum {Lackey) Conrad - - - - +

Paviova Bulcher (S()]reen . _ _ - - - - + Pedinella Wyesstzki

luher: (DZO??) rutheri 6}009) rricestata Rouchijajnes - - - +
(MonocAryss Pseudupedineila M. Carter (51)

elasrica Skuja - - - +

A pyriforme N, Carter - - - -

CHRYSOPHY

Chrysophyceae STICHOGLOEALES

OCHROMOUNADALES Sichogloea Chodat

_ * - . - doederfeint (Schmidle) Wille -
Anthophysa Bory . _ - - - -
vegetans (O. F. Mulle?fizg; _ c - - + DICTYOCHALES
Br’calsqecq Ja"..‘es-?::k e - - - : : - f - - - Dictvocha Ehrenberg
mmkque Jarne. Clark - - - _ - - { - - + fthula Ehrenberg -
f““!'“”s J?Tacgkuja - - - B _ ¢ - - - Distephanus Stéhe
multiannuia ) . - - - - _
petiolata {S1ein) E. G. Pringsheim . _ B B speculum (Etrenberg) Haeckel
Chrysa.:p!?aereln'a_i..:u:tftff?fim - - - - ~ + - - = Eustigmatophyceae
brevisping Kordiko 5 - — - EUSTIGMATALES
saling Birch-Andersen (14) ow  — tow
Dinobryon Ehrenberg ow ow cw ow  (ciw

baincum (Schiitt) Lemmermann
{pelfucidum Levander}

Nannochloropsis Hibberd (37)
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Tribophyceae {Xanthophyceae, Heterocontae)
RHIZOCHLORIDALES

Rhizochioris Pascher
nodularniae Bursa
solitaria Bursa

MISCHOCOCCALES
Meringosphaere Lohmann{ 1. 14)

+
mediterrgnea Lohmann v
radigns Lohmann M

serrata Lohmann
Ophiocyiium Nageli

efongatum W & G.S. West
Schitlerielle Pascher

anuraea Pascher (1, 30

TRIBONEMATALES

Tribonema Derbes & Soher
affine G. 5. West
viride Pascher

Diatomophyceae (Bacillariophvceae)

EUPODISCALES (BIDDULPHIA LES, CENTRALES)

Acanthoceras Honigmann
rachariasii {Brun) Simonsen
(Attheva zachariasii Brun)
Actinocyelus Ehrenberg
octonarius Ehrenberg
{ehrenbergii Ralfs)

— var. n¢tonarius +
— war. crassus (W, Smith) Hendey { 4]
— var. seneitus (Breb.) Hendey { 10}

Acrnoptyehus Ehrenberg .

senarius {Ehrenberg) Ehrenberg
{undwlatus ( Bailey) Ralfs)
Attheva T. West
decora T. West
Aulacosira Thwanes
{Melosira p.p.)
ambigua tGrunow) Sumonsen
distans (Ehrenberg) Simonsen (31}
granulata (Ehrenberg) Simonsen
— Var. granuato _
— var, angustissima (0. Muller) Simonsen
islandica (0. Miitler) Simons_en
ssp. hefvenca (O, Milier) Simonsen
fiafica { Enrenberg) Simonsen
ssp. talica var. italica
— var. valida {Grunow) Simonsen
ssp. subarctica (0. Muiler) Simonsen
Bacteriasirum Shadboit
elongarum Cleve
hyalinum Lauder
Bacteriosira Gran
fragilis Gran
Biddulphia Gray
aurita {Lyngbyve) Brebisson
granulata Roper ‘

SB

cw

levis Ehrenberg
mobufiensis { Bailey) Grunow ex Van Heurck
obiusa (Kutzing) Ralfs in Pritchard
pulchella Grav (4)
rhombus (Ehrenberg) W. Smith
stnensis Greville
subaequg (Kiitzing) Ralfs in Pritchard
Ceratauling Peragailo
pelagiea (Cleve) Hendey
thergonii Peragalio)
Ceraraulus Ehrenberg
turgidus (Enrenberg) Ehrenberg
Chaetoceres Ehrenberg
afftres Lauder {48)
anastomosans Grunow
atfanticus Cleve
barealis Bailey
brevis Schiitt
cafcitrans (Paulsen) Takano
(simplex var. calfcitrans Paylsend (11}
ceratosporus Ostenfeid (32)
cinctus Gran ] !
compressus Lauder
concavicorne Mangin
consiricius Gran
convolutus Castracane f. conveluius
— I trisetosa Brunel
caronatus Gean
cosiarus Pavillard
crenrrus Schite (33}
curviseiuy Cleve
danicus Cleve (34)
dehilis Clave
decipiens Cleve
densus Cleve
diadema (Ehrenberg) Gran
{yubsecundus (Grunow) Husiedt)
didvmus Ehrenberp
eracilits Schijut
holsaticus Schatt
mngoiffianus Ostenleld in Gran
facimasus Schiitt
lauderi Ralls in Lauder
forenzranus Grunow
muellers Lemmermann
perpustiiuy Cleve
pseudacriniius Ostenleld
radians Schijtt
radicans Schit
setraeanthus Gran
septenironalis Ostrup
similis Cleve
simplex Ostenfeld
secialis Lauder
subtilis Cleve
teres Clave
wighamii Brightwell (33)
wilfer Gran
Corethron Castracane
criophifum Castracane
Coscinodiscus Enrenberg
centralis Ehrenberg
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14 L. Edier. G. Hallfors & 4. Niemi

concinnus W. Smith

granii Gough (35)

granufosus Grunow ( 1)

oculus-irides Ehrenberg (36)

radiarus Ehrenberg

rothii (Enrenberg) Grunow

sub-bulliens Jorgensen
Cyclotella Kulzing

atomus Hustedt {37

caspra Grunow

conra (Ehrenberg) Kiltzing

kuerzingiana Thwaites {38}

meneghingna Kitzaing

stelligera Cleve & Grunow

siriara {Katzing) Geunow in Cleve & Grunow

Detonula Schilt
confervacea (Cleve) Gran
pumila (Castracane) Schuit
{ Schroederella delicaiuia (Peragallo)
Pavillard)
Ditvium W. Bailey

brighrwellii (T. Westy Grunow ex Van Heurck

Eucamptg Ehrenberg
sodigcus Ehrenberg
Guinardio Peragailo
Aaccida (Castracane) Peragallo
Hyalodiscus Ehrenberg
scoticus {Kitzing) Grunow
Lauderia Cleve
borealis Gran
(annulata Cleve}
Leptocylindrus Cleve
danicus Cleve
medirerraneus (Peragailo) Hasle
(Dactylissolen mediterraneus Peragallo)
mimeus Gran (39)
Lithodesmium Ehrenberg
undulatum Ehrenberg
Melosira C. A, Agardh ,
arentca {Ehrenberg) Dickie
dubia Kitzing
Jineata (Dillwyn) C. A, Agardh
{juergensii C. A. Agardh)
moniliformis (. F. Miller} C. A, Agardh
nummuloides { Dillwyn) C. A, Agardh
varigns C. A. Agardh
Paralia Heiberg
sulcata {Ehrenberg) Cleve
Podosira Ehrenberg
montagnei Kittzing (22)
stelligera {Bailey) Mann
Porasira Jorgensen in Nordgaard
glacialis (Grunow) Jorgensen
Rhizosolenia Brightwell
alara Brightwell
calcar-avis Schultze
cylindrus Cleve (40)
delicatula Cleve
eriensis H. L. Smith
fragilissima Berg
hebetata f. semispina (Hensen} Gran
imbricara Brightwell
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longisera Zacharnas
mimema Levander
pungens A, Cleve
wetigera Brightwell
shrubsolei Cleve
stalterfothi Peragalio
styliformes Brightwell
Roperie Grunow ¢x Van Heurck
tessellara (Ropeny Grunow
Skeletonema Grevitie (52}
cosrarum (Grevilte) Cleve
subsalsun (Cleve-Euler) Bethge
Siephanodiscus Ehrenberg
astraeq { Ehrenberg) Grunow

{astraea var., punutula (Katzing) Hendey)

! rorida 1 Kitzing) Hendey)
dubius (Fricke) Hustedt
hanizschi Grunow (41)
(hantzschu var, pusitia Grunow)
Stephanoprvis Enrenberg
turris { Greville) Raits sn Prichard
Streptothecd Shrubsole ‘
rameyty Shribsole
Thatassiosira Cleve
anguste-iineara (A, Schmdy G, Fryxell
& Haste
tCoscinoitra polychorda (Grany Gran)
balnea (Grunow} Ostentald
hramapurrae (Ehrenbery) Hikansson
& Locker
{Thalassiosira lacusirts {Grunow) Hasle)
{Cosernadiscus facusirts Grunow)
dectpiens {Grunow) Jargensen
eccenirica {Ehrenberg) Cleve
tCescinodiscus eccemricus Enrenberg)
gravide Cleve
cutllardii Hasle
Ayaling (Grunow) Gran
lepropus (Grunow) Hasle & G. Fryxell
{Coscrnodiscus linearus Ehrenberg)
levander: van Goor
nordenskineldn Cleve
pseudonany Hasle & Hermdal
rotul vleunier
weirviflogii (Grunow) G. Fryxell & Hasle
{fluviatitis Hustedo

BACILLARIALES (PENNALES)
Achnanihes Bory (42)

hiasolettiana {Kitzing) Grunow

hrevipes C. A, Agardh

delicarula (Kiitzing) Grunow em.

Lange-Beralot

— var. delicarula
gibberula Grunow
{hiasolertiana (Kiatzing) Grunow
in Cleve & Grunow)

taentalq Grunow
Amphiprora Ehrenberg

alara Kitzing {11

kjellmannu Cleve

ornaia Bailey
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16 L. Edier. G. Hallfors & A Niemu

paludosa W South var. paludosa
— var. subsalina Cleve
Amphora Enhrenberg {4 i
coffeaeformis (C. A. Agardh) Kiwnng
— var. coffeaeformis
— var. perpusiila (Grunow) Cleve
ovalis Kutzing var, ovalis
(var. fibyea ( Ehrenberg) Cleved
pediculus Kiltzing
Asterioneila Hassali
formosae Hassall
(gractthma \Hantzseh) Heiberg)
glaciafis Castracane
yapomeu Cleve & Moller)
karwana Grunown Cleve & Grunow
Baciltana Gmelin
paxiitifer (Q. F. Miiller} Hendey
(paradoxa Gmelin
Berkeleya Greville
rurifans | Trentepohi) Grunow
t Amphipleura ruttians {Trentepohl) Cleve)
Brebissonta Grunow
boeckn tEhrenberg) Grunow
Caloneis Cleve (41
amphisbaena [Bory) Cleve var. amphisbaena
143)
_ var. subsaling {Donkin} Cleve
permagng { Bailey) Cieve (43}
Campylodiscus Ehrenberg 143)
bicostarys W. Smith
telvpeus var. bicosiaia {W. Smuh)
Hustedt)
cfvpeus Ehrenberg
echeneis Ehrenberg
Cocconeis Ehrenberg (42)
pediculus Ehrenberg
placentuia Ehrenberg
sewtellum Ehrenbery var. scuelium
— var. parva Grunow
stguronetforme (Van Heurck) Okuno

(scuteilum var. stauroneiformis Yan Heurck)

Cylindrotheca Rabcnho‘rsl
gracilis {Brévisson) Grunow
Cymaiopleara W. Smilh 43)
elfiptica (Brébisson) W. Smith
solea {Brébisson) W, Smuth
Cymbella C. A. Agardh (42}
aspera (Ehrenberg) Cleve
ctsiula (Hemprich) Grunow
veniricosa Kitzning
Diatoma De Candolte
elongarum (Lyngbye) C. A. Agardh
vuigare Bory var. consricia Van Heurck
Diploneis Ehrenberg (42}
didyma (Enrenberg) Cleve
smithii (Brébisson) Cleve
Epithemia Brébisson (42}
sorex Kitzing _
turgida (Ehrenberg) Kistzing
zebrag (Ehrenberg) Kitzing
Eunotig Ehrenberg (42)
pectinalis (Kutzing) Rabenhaorst var.
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ventrahis (Ehrenberg) Hustedt
Fragiaria Lyngbye (42)
capucing Desmazigres
consiruens (Ehrenberg} Grunow var,
consiruens
— var. subsaling Hustedt
crotenensts Kiten
inrermedia Grunow
pinnaia Ehrenberg (1)
Gomphonema C. A. Agardh (42)
gcumingium Ehrenberg
consirictum Ehrenberg
ofivaceum {Lyngbye) Kiltzing

{Gomphoneis olivaceum {Lyngbye) Dawson}

Grammaiophora Ehrenberg
marina (Lyngbye) Kutang {11)
oceanica Ehrenberg
Gyrosigma Hassall (43}
aecurunaium (Kitzing) Rabenhorst
arrenuarum {Kiitzing) Rabenhorst
balticum (Ehrenberg) Cleve
distorrum (W. Smith) Cleve var. disiorrum
— var. parkeri (Harrisony Cleve
fasciola {Ehrenbery) Griffith & Henfrey
kuetzingn (Grunow) Cleve
macrum { W, Smuth} Cleve
scalproides (Rabenhorst) Cleve
var, eximig { Thwaies) Clewve
spencert {W. Smithy Cleve
sirtgilis (W, Smith) Cleve
tenutrosiris {Grunow) Cleve-Euler
wansbeckit tDonking Cleve
Hantzschia Grunow
specrabiies (Ehrenbery) Hustedr (533
Lrcmoaphorg C AL Agardh (4D
commums |Heibergy Grunow
debitis (Kutzimg) Grunow
chrenbergii (K otzing) Grunow (53)
wraciliy tEhrenberg) Grunow var, aneficd
tKutzing) Peragalio
Musioglowg Thwaites (42}
sarirhi Thwailes
Navicwla Bory (42)
gvenuceu Brébisson
{viridula var. avenacea (Brébisson)
Van Heurck)
cincta {Ehrenberg) Ralts in Pritchard (53)
cryprocephala Kilzing var. crvplocephala
~ var. venera {Kinzing} Cleve
direcra {W. Smeth) Ralls in Prichard
clegans W. Smith
greearia Doakin
humerosa Brébsson
marina Ralfs
pelagica Cleve (1)
peregrina {Ehrenberg) Kitzing var. peregring
— var. kefvingiensis {Ehrenberg) Cleve
pseudomembranacea Cleve-Euler
pygmaeq Kitzing (53)
radiosa Kitzing
rhombica Gregory
rhvnchocephala Kiitzing
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18 L. Edler. G. Hillfors & A. Niemi

salinarum Grunow
transitans Cleve var. deresa (Grunow) Cleve
f. delicarula Heimdal
tripunciara (O. F. Muller) Bory
(gracilis Ehrenberg)
vanhoeffenti Gran
viridula Kitzing
Nitzschia Hassall (42)
acicularts W. Smith
delicaussima Cleve
closterium (Ehrenberg) W. Smith (1, 11)
cvlindrus (Grunow) Hasle
(Fragiaria cylindrus Grunow)
(Fragilariopsis ¢ viindrus (Grunow) Krieger)
dubta W. Smith
Jiliformis (W. Smith) Hustedt
Jonuicola Grunow
frigida Grunow
Jrustulum (Kitzing) Grunow
gracilis Hantzsch ex Rabenhorst
grunowii Hasle
(Fragilaria oceanica Cleve)
(Fragilariopsis oceanica (Cleve) Hasle)
hungarica Grunow (43)
hybrida Grunow (43)
intermedia Hantzsch ex Cleve & Grunow
(capirella Hustedt)
longissima (Brébisson) Ralfs
lorenziana Grunow (43)
microcephala Grunow
palea (Kutzing) W. Smith
paleacea Grunow (44)
perpusilla (Kutzing) Lange-Bertalot
pseudodelicatissima Hasle
punctata (W. Smith) Grunow (43)
pungens Grunow
pusilla (Kiitzing) Grunow em. Lange-Bertalot
(kuerzingiana Hilse)
scalaris (Ehrenberg) W Smuth (43)
seriata Cleve
— 1. obtusa Hasle
sigma (Kutzing) W. Smith (43)
sigmoidea (Nitzsch) W. Smuth (43)
subtilis (Kutzing) Grunow
tryblionella Hantzsch (43)
vermicularis (Kiitzing) Grunow (43)
Opephora Petit
martyi Hénbaud
Phaeodactylum Bohlin
tricornutum Bohlin (23)
Pinnularia Ehrenberg
quadratarea (A. Schmidt) Cleve var.
stuxbergii Cleve (1)
Pleurosigma W. Smith (43)
angulatum (Quekett) W. Smith
elongarum W. Smith
subsalsum Wislouch & Kolbe
Rhoicosphenia Grunow
abbreviata (C. A. Agardh) Lange-Bertalot
(curvaia (Kitzing) Grunow ex Rabenhorst)
Rhopalodia O. Miiller
gibba (Ehrenberg) O. Muller var. gibba
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— var. ventricosa (Kutang) Grunow
gibberula (Ehrenberg) O. Miiller
Stauroneis Ehrenberg (42)
membranacea (Cleve) Hustedt
spicula Hickie
Stenopierobia Brébisson
intermedia Lewis (43)
Surirella Turpin (42)
capronii Brébisson (43)
¢emma (Ehrenberg) Kiitzing
ovalis Brébisson var. ovalis (1)
— var. crumena ( Brébisson) Van Heurck (1)
ovata Kutzing (1)
striatula Turpin (43)
tenera Gregory var. nervosa A. Schmidt (43)
Svnedra Ehrenberg (42)
acus Kutzing var. acus
— var. angustissima Grunow
pulchella Ralfs
rumpens Kutzing
tabulara (C. A. Agardh) Kutzing (45)
ulna (Nitzsch) Ehrenberg
vaucherige ‘Kiitzing
Tabelluria Ehrenberg
fenestrata (Lyngbye) Kiitzing
foceulosa (Roth) Kitzing
Thalassionema Grunow ex Hustedt
nirzschiowdes Hustedt
Thalassiothrix Cleve & Grunow
frauenfeldii Grunow in Cleve & Grunow
{ongissima Cleve & Grunow
Tropidoneis Cleve
dannfeltii Cleve-Euler
lepidoprera (Gregory) Cleve

Raphidophyceae (Chloromonadophyceae)

RAPHIDOMONADALES

TTonyostomum Diesing (18)

EUGLENOPHYTA
Euglenophyceae
EUGLENALES

Avtasta Dujardin (5)
Colacium Ehrenberg
arbuscula Stein
veyiculosum Ehrenberg
Euglena Ehrenberg (42)
acus Ehrenberg
oxyuris Schmarda
proxima Dangeard
spirogyra Ehrenberg
tripteris (Dujardin) Klebs
viridis (O. F. Miiller) Ehrenberg
Eutreptia Perty (5)
lanowii Stuer
viridis Perty
Eutrepniella da Cunha (5)
braarudii Throndsen
gymnastica Throndsen
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KB AB BB KB  AB GF
Lepocinciis Perty (5) = = - Chlorophyceae
ovum Ehrenberg em. Lemmermann = o 5 VOLVOCALES (incl. TETRASPORALES)
Phacus Dujardin (5) = . - .
‘longicauda (Ehrenberg) Dujardin f = = Brachramqna: Bor_glm
pleuronectes (0. F. Maller) Dujardin f f - submarina Bohlin (23) N = +
pyrum (Ehrenberg) Stein t - =) Curteria Diesing (5, 54) + + +
Strombomonas Deflandre Chiamydomonas Ehrenberg (5) + - +
deflandret (Roll) Deflandre = = = marina Cohn (1) = = -
Trachelomonus Ehrenberg Eudorina Ehrenberg
hispida (Perty) Stein em. Deflandre - - - elegans Ehrenberg ) = = f
volvocina Ehrenberg = = = unicocca G. M. Smith - - T
Gloeocysus Nagel
plancronica (W. & G. S. West) Lemmermann = - f
Gonium O. F Muller
CHLOROPHYTA pectorale O. F. Miiller = f -
Prasinophyceae (incl. Loxophyceae) " ";fmfe l[;UJafdm)EWharn;ins = - f
andorina Bory em. Ehrenberg
PEDINGMONADALES _ morum (O. F. Miller) Bory = - f
Pedinomonas Korsikov (5) = - Plankiococcus Korsikov
sphaerocystiformis KorSikov - - f
PTEROSPERMATALES Planktosphaeria G. M. Smith
Micromonas Manton & Parke gelatinosa G. M. Smith - o f
pusilla (Butcher) Manton & Parke + & = Sphaerocysiis Chodat em. KorSikov
Pseudoscourfieldia Manton _ schroerert Chodat - - f
marina (Throndsen) Manton = =
Mantoniella Desikachary CHLOROCOCCALES
squamara (Manton et Parke) Desikachary + = - Actinasirum Lagerheim
Nephroselmis Stein hanizschit Lagerheim - - r
minuta (Carter) Butcher 7 = - Ankistrodesmus Corda
olivacea Stein em. Moestrup & Eul = - - Jalcarus (Corda) Ralfs (1) f 5 ¢
pyriformis (Carter) Ettl - i N Botryococcus Kiitzing
rotunda (Carter) Fott 2 = i~ braunii Kiitzing f f S
Pterosperma Pouchet Coelastrum Nageli
cristarum J. Schiller + = il cambricum Archer - = f
vanhoeffenii (Jorgensen) Ostenfeld = microporum Nageli - = ¢
in Ostenfeld et Schmidt + = reticulatum (Dangeard) Senn - - f
Pachysphaera Ostenfeld in Knudsen et Ostenfeld = = = Chodutella Lemmermann em. Fott
pelagica Ostenfeld in Knudsen et Ostenfeld s o - vubsalsa Lemmermann = f =
Crucigenia Morren
MAMIELLALES guadrara Morren = - [
rectangularis (A. Braun) Gay - = f
;Hamae!!a Moestrup - tetrapedia (Kirchnery W, G, S. West - - f
gilva (Parke & Rayns) Moestrup (49) * = Dictyosph-riam Nigeli
ekrenbergianum Nigeli - f f
PYRAMIMONADALES elegans Bachmann - = f
Asteromonas Artari primartum Skuja - - +
gracilis Artari + = - (stmplex Skuja)
Halosphaera Schmitz pulchellum Wood ey & +
minor Ostenfeld + - - Franceta Lemmermann
viridis Schmitz + = - armata (Lemmermann) KorSikov - f - -
Pyramimonas Schmarda (5) droescheri (Lemmermann) G. M. Smith - f - =
grossi Parke + = - Golenkimta Chodat em. Korsikov
obovara N. Carter + - - rachata Chodat = f - f
orientalis Butcher + - = Kirchneriella Schoidle + + + =
contorta (Schmidle) Bohlin - - — f
PRASINOCLADALES tunaris (Kirchner) Mébius - - = f
Tetraselmis Stein (55) obesa (W. West) Schmidle - - = f
convolutae (Parke et Manton) Norris, Hori Lugerheimia Chodat
& Chihara + - - genevensis Chodat - f =, f
cordiformis (Carter) Stein 1 = - longiseta (Lagerheim) Printz = = = £
(Carteria cordiformis (Carter) Diehl) Micracrinium Fresenius
(Platymonas tetrathele G. S. West) pusillum Fresenius - f = f
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Monoraphidium Komarkovd-Legnerova
braunu (Nageli) Komarkovad-Legnerovad
(Ankistrodesmus braunii (Nageli)
Brunnthaler)
capricornutum (Printz) Nygaard
(Selenastrum capricornutum Printz)

contortum (Thuret) Komarkova-Legnerova

(45)
(Ankistrodesmus angusius Bernard ?)

griffithii (Berkeley) Komérkova-Legnerové

(Ankistrodesmus acicularis (A. Braun)
Korsikov)
minutum (Nageli) Komérkovd-Legnerovd
(Selenastrum minutum (Nagel) Collins)
mirabile (W. & G. S. West) Pankow
( Ankistrodesmus mirabilis (W. & G.S.
West) Lemmermann)

setiforme (Nygaard) Komérkovi-Legnerovd

(Ankistrodesmus falcatus var. setiformis
Nygaard)
Nephrocytium Nageli
agardhianum Nigeli
[unatum W. West
Oocystis Nigeli (3)
borgei Snow
lacustris Chodat
parva W. & G. S. Smith
pelagica Lemmermann

solitaria Wittrock in Wittrock et Nordstedt

submarina Lagerheim

Pediasirum Meyen
angulosum (Ehrenberg) Meneghini
biradiarum Meyen
boryanum (Turpin) Meneghini
clathratum {Schréter) Lemmermann
constricium Hassall
duplex Meven

(gracillimum (W. & G. S. West) Thunmark)

(limnenicum Thunmark)
integrum Nageli
kawraisk vi Schmidle
muricum Kiitzing
privum (Printz) Hegewald
simplex Meyen
retras (Ehrenberg) Ralfs

Polyedriopsis Schmidle
spinulosa Schmidle
Scenedesmus Meyen (42)

acuminatus {Lagerheim) Chodat
apiculatus (W. & G. S. West) Chodat
arcuatus Lemmermann

— var. grcuatus

— var. platydiscus G. M. Smith
armatus (Chodat) G. M. Smith
bicaudarus (Hansgirg) Chodat
bicellularis Chodat (11)
brasiliensis Bohlin
brevispina (G. M. Smith) Chodat
carinarus (Lemmermann) Chodat
communis Hegewald

(quadricauda auct. p. p.)
denriculatus Lagerheim
ecornis (Ralfs) Chodat var. ecornis
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— var. disctformis Chodat
ellipsoideus Chodat
granulatus W. & G. S. West
gutwinskii Chodat
intermedius Chodat
fefevrii Deflandre
obliquus (Turpin) Kutzing
(acurus Meven)
opoliensis P. Richter
ovalternus Chodat
soot Hortobagyi
sptnosus Chodat
Schroederia Lemmermann
setigera (Schroder) Lemmermann
(Ankistrodesmus setigerus (Schroder)
G. S. West)
Sorasirum Kutzing
spinulosum Nagel
Teiraedron Kutzing
caudatum (Corda) Hansgirg
limneticum Borge
mimmum (A. Braun) Hansgirg
planctonicum G. M. Smith
quadratum (Reinsch) Hansgirg
regulare Kitzing var. regulare (4)
— var. incus Teiling (4)
trigonum (Nigeli) Hansgirg
Treubaria Bernard
triappendiculata Bernard
Trochiscia Kiitzing
brachiolata (M6bius) Lemmermann

ULOTRICHALES

Elakatothrix Wille
gefatinosa Wille (11)
viridis (Snow) Printz (1 1)
Klebsormuidium Silva, Mattox & Blackwell
HNaccidum (Kutzing) Silva, Mattox &
Blackwell (1)
Koitella Hindak
iongiseta Hindak 1. remuis Nvgaard (37)
Planktonema Schomidle
lauterborni: Schmidle
{Binuclearia lauterbornii (Schrmdle)
Proshkina-Lavrenko)

OEDOGONIALES
Oedogonium Link ex Hirn (46)

ZYGNEMATALES

Arthrodesmus Ehrenberg
incus ( Brébisson) Hassall
Closterium Nitzsch (42, 47)
aciculare T. West
acutum Brébisson var. variabile
(Lemmermann) Knieger
monuliferum (Bory) Ralfs
Cosmarium Corda (47)
Mougeotia C. A. Agardh (46)

-
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KB AB

Spirogyra Link (46) = 5
Sraurastrum Meyen (42, 47)
gracile Ralfs ex Ralfs £ f
plankronicum Teiling = =
Zvgnema C. A. Agardh (46) == ~

SB CB NB RB GF AS BS BB

NOTES

(1) Requires taxonomic re-investigation.

(2) Halme & Molder (1958) further report the species €
dubium Grunow and C. minutissimun Lemmermann
from the Pojo Bay. See, however, Pankow (1976: 26).

(3) All species 1n this genus need taxonomic re-
investigation,

(4) See Pankow (1976).

(5) In all areas probably several species are present which
need to be worked out.

(6) Recorded as an independent species in Hillfors (1979).

(7) This species has mostly been recorded as Anabaena flos-
aquae (Lyngbye) Brébisson. In our opimon A. flos-
aquae and 4. lemmermannit should be kept as separate
species. All samples with akinetes from the Baluc Sea
that have been studied have been A. lemmermannii. [t
has also been confused with A. baltica (Niemi &
Hallfors 1974).

(8) Given by Pankow (1976) for the southern Baltic Sea.

(9) Not in the sense of Pankow (1965).

(10) Given by Pankow (1976) for the Baltic Sea.

(11) The determination needs contirmation.

(12) Recorded from the sea only without akinetes. Akinete
formation 1s at times abundant in certain brackish-
water rock-pools (Hillfors 1984). See also Warn (1952:
35).

(13) Jarnefelt (1964) reports what is probably this species
under the name Anabaenopsis circularis.

(14) Systematic position uncertain.

(15) This species 1s a normal component ot the Nora in the
southern part of the Kattegat and Belt Sea area (KB).

(16) Easily confused with species of dchroonzina and
Pseudanabaena.

(17) Accidentally planktonic filaments are eastly confused
with Oscillatoria spp.

(18) The species have not been worked cut.

(19) C. baluca (Bittner) Carter and C. marina (Bitiner)
Butcher recorded from the shore at Kiel (Battner [911).

(20) D. acuta in Niemi et al. (1970) should be referred to D.
norvegica.

(21) Recorded twice in the south east Kattegatin 1983 (Edler
& Wallin, unpubl.).

(22) Given by Pankow (1976) from the western Baltic Sea.

(23) Main occurrence in rock-pools (see Droop 1953) in the
northern Baltic Sea.

(24) See Swift (1973).

(25) See Parke & Dixon(1976).

(26) Erroncously named Diplopsalis lenticula (Niemi &
Hillfors 1974) and Glenodinium lenticula (Niemi 1971,
1972). Diplopsalis lenticula Bergh (= Glenodinium
lenticula (Bergh) Schiller), however. 1s a different
species.

(27) The record 1s based on the observation ol single scales
only.

(28) Martens & Pankow (1972) and Pankow (1976) in
addition record Bicoeca ovata Lemmermann. which.
however. probably does not belong here.

(29) Especially in older lierature the species has been
comprehended in a collective sense, including the other
species of the genus (=S. wwella Ehrenberg) Such
determinations should rather be given as Svaura sp.
Sensu stricto the species should be cited S. uvella Stein
em. Kordikov. Electron microscopy of the scales 1s
usually required for correct determination of most
species of the genus.

(30) Recorded by Niem et al. (1970). Systematic position
uncertain, see Parke & Dixon (1976: 557). The Baluc
Sea find 1s probably a reduced form of Chaetoceros
subtilis.

(31) In addition, Halme & Molder (1958) menuon . seriary
O. Miller, var. alpigena Grunow and var. liraia
(Ehrenberg) Bethge trom the innermost part ol the Pojo
Bayv

(32) Leegaard (1920) incorrectly used the name C. debilis tor
this species.

(33) In the northern Baluc Sea. chains of C. wighamu with
very narrow apertures have previously erroneously been
determined as C crinirus according to Hustedt (1927-
1930). However, genuine C. crinitus 1s quite different
(see Grantved 1956)

(34) In additien to solitary cells the species also forms chains
which apparently have been referred to C. ewbenn
Grunow (e g. Woloszviska 1935) and C. borealis Bailey
(servera! papersi.

(35) Niemi et al. (1970) report this species erroneously as C.
oculus-iridis Ehrenberg. Apparently the same species is
also reported as C. asteromphalus Ehrenberg in severai
papers. C. granti s well characterized by the eccentrical
curvature ot the valve, girdle bands tapering towards
the ends and the wedge-shaped girdle view. C. oculus-
iridis and C. asteromphalus probably do not belong to
the recent flora of the northern Baltic Sea.

(36) C. oculus-iridis 1s probably restricted to the southern
and western Baltic Sea. Reports from GF are erroneous
(Niemi et al. 1970) or dubious (Halme & Maolder 1958,
Molder & Tynm 1968).

(37) Hallfors & Hallfors (1983)

(38) Records of this species from the open sea (Mdlder 1962)
should probably be ascribed to C. caspra (Hallfors &
Niemi 1975).

(39) See Leegaard (1920). The species is very rare in NB, GF
and BS. It should not be confused with the green alga
Plankionema lauterbornit.

-85=~

140) R. cvhindrusis an alien in the fora of the Baltic Sea. The
veeastonal record by Niemi & Hallfors (1974) probably
stems from ballast water. ’

(41) S hantzschu var. pusilla has repeatedly been reported
from eutrophied waters. [n Finnish literature, however,
this epithet probably covers several small centric
species, among others Thalassiosira guillardii, T
,:;g:;r)ionana and Cyclotella atomus (Hallfors & Haillfors

(42) Additional species of this genus occur occasionally in
the plankton. ’

(43) Main occurrence in shallow bave n the innermost
archipelago.

(44) In Edler (1975) and Hallfors (1979) this species is called
N actinasiroides.

(45) According to Patrick & Reimer { 1966) the correct name
would be S. fasciculara (Agardh) Kutzing.

(46) Sterile,  accidentically planktonic  filaments can

generally not be determined to the species.

(47) Undetermined species of this genus occur more or less
regularly in estuarine areas

ACTA BOT. FENNICA 128 (1984) 25

(48) The C. cf. affinis of Niemi & Hillfors (1974) 15 probably
an undescribed species (cf. Hillfors 1979).

(49) Moestrup (1984)

(50) The record_ from GF of Luther (1934) of Hymenomonas
roseola _Stcm. appears to belong here. '

(5N Fpr a discussion of the species concept in the genus, see
Zlmmgrmann et al. (in press).

(52) In addition, Kell (1981) gives S. poramos (Weber) Hasle
for the eastern and central Baltic Sea.

(53) Kell (1981)

(54) Most _records  appear 10 be of misidentified
Pyramimonas and Terraselmis species

(55) Norris et al. (1980)
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Rubin codes of phytoplankton

Code List P2, Phytoplankton, version 84334-GUZ, which
was distributed as Annex IX of the Guidelines for the
Sec?nd Stage of the BMP (amendment to the Baltic Sea
Environment Proceedings No. 12, 19 June 1985), should
be substituted by the new list published in:

Gunilla Zetterberg

Code List P 4, Phytoplankton
version 86165-GUZ

Published 1986, Stockholm
ISSN 0282-8375

176 pp.

Contact address: 86165-GUZ, Kodcentralen,

Riksmuseet
S-104 05 Stockholm

Phytoplankton identification sheets

The phytoplankton identification sheets are under pre-

paration by the expert group convened by Dr. Ulrich
Horstmann of the Federal Republic of Germany

The phytoplankton sheets will be printed in the series
Annales Botanici Fennici, Acta Botanica Fennica
published by the Finnish Botanical Publishing Board’
Helsinki. The reprint copies will be distributed to th;

B g
alt?c Sea SFates through the Secretariat of the
Helsinki Commission.
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Zooplankton
For the Baltic Monitoring Programme (BMP), meso-
zooplankton (0.2-20 mm) is the only obligatory

determinand. However, the undisputed significance of
nano- (2-20 pm) and microzooplankton (20-200 um) in the
pelagic ecosystem justifies a recommendation to include
them into the Monitoring Programme, but only as a

tentative parameter (see also Section D.3.d) and D.3.

Annex I).
Sampling

Mesoplankton shall be sampled by means of vertical
hauls with a plankton net (WP-2 net). The WP-2 net
should have a mesh size of 100 pm and should be hauled
vertically with a speed of about 0.5 m/s. The hauls

shall be fractionated and the number of hauls to be
local water

depth

made at each station is dependent on

following

stratification. In principle, the

intervals shall be used:

bottom - halocline (included)

halocline - thermocline (included)

thermocline - surface

The wire angle must be kept as small as possible during
sampling to assure that the whole depth fractions are

sampled.

The use of sonars and pingers is recommended to get

exact knowledge of the depth position of the net.
Flowmeters can be used, but they are non-obligatory.

pumps and other sampling devices can be wused if

calibrated against the WP-2 net for the specific areas

and for different times, and the proper conversion

b)

c)

a)
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factors have been determined. Nano- and micro-
zooplankton should be sampled by means of water

samplers or a plankton pump, macro-

(2-20 cm) and
megazooplankton (20-200 cm) by means of horizontal or
oblique hauls with larger nets (like the Bongo net),
high speed samplers or small trawls (like the IKMWT,

Isaacs-Kidd Midwater Trawl).

Preservation

The samples shall be preserved in 4% formaldehyde
solution (1 part 40% formaldehyde solution and 9 parts
water). The formaldehyde has to be buffered to pH 8-8.2
with disodiumtetraborat

2 rate (borax) (Na2B4O3 s 10 HZO)'

Subsampling

For subsampling the whirling apparatus by Kott (2) or
the Folsom sample splitter (3) should be used.

Species composition and abundance

When subsampling is needed, the volume of the subsample
must be chosen so that at least 500 specimens are re-
tained. Copepods shall be analysed to developmental
stage and sex of adult (c. I-III, c. IV-V, c. VI

c. VIQ). ? '

Since certain copepod nauplii and rotifers will pass
the 100 pm meshes, they can be excluded from the

obligatory mesozooplankton analysis.

Macrozooplankton (medusae, mysids, chaetognaths, etc.)
are not sampled adequately by the WP-2 net either and
thus can pe excluded from the obligatory analysis.




e) Blomass

The biomass is calculated as the sum of individual
volumes. The list of individual volumes elaborated by

BMB WG 14 (4) shall be used.

f) Data reporting

Data shall be reported on gstandardized formats
(according to Sections D.10 and D.1ll). The abundance
and the biomass should be expressed both per m? and per
. If flowmeters have been used, both the original and

+he corrected values shall be listed.
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1. Sieburth, J. McN., Smetacek, V. & Lenz, J. 197§.
Pelagic ecosystem structure: heterotroph%c
compartments of the planktgn and @helr
relationship to plankton size fractions.
Limnol. Oceanogr., 23: 1256-1263.

2. Kott, P., 1953. Modified whirling apparatus for
the subsampling of plankton. Aust. J. Mar.
Freshw. Res., 4 (8): 387-383.

3. McEven, E.F., Johnson, M.W. & Folsom, T.R, 1954, A
statistical analysis of the performance of the
Folsom plankton sample splitter based upon
test observations. Arch. Met. Geophys.
Bioklimatol. Ser. A, 7: 502-527,

4. Hernroth, L., (ed.), 1985. Recommen@atiops on
methods for marine biological studies 1n the
Baltic Sea. - Mesozooplankton biomass assess-

ment by the individual volume technique. BMB
Publ. No. 10. 32 pp.

8-

-91-

Macrozoobenthos

Soft bottom macrozoobenthos

The main responsibility for =zoobenthos sampling and
analysis is as follows:

Denmark: BMP K7, P11, Ql, R3

Finland: BMP A2, A3, Cl, c4, D1, F2, F5
German Dem.Rep.: BMP K4, K7, K8, M2
Fed.Rep.Germany: BMP N1, N2, N3

Poland: BMP K1, K2, L1

Sweden: BMP Il, K2, K4, R6, R7

Soviet Union: BMP F2, F5, J2, Kl

Soft bhottom macrozoobenthos analysis

For the purpose of the Baltic Monitoring Programme, the
macrofauna is defined as that part of the soft bottom
fauna which is retained on a sieve with a mesh size of
1.0 x 1.0 mm (see 8).

Sampling

Sampling on shallow stations (70 m or less) should pre-
ferably be conducted during the daytime, since some
benthic species have semipelagic activity during the
night. It is essential that sampling of macrozoobenthos
is accompanied by some hydrographic sampling to provide
information about the hydrographic situation. There-
fore, as a minimum requirement, water should be sampled
as close as possible to the sea bottom, or a profile

with a calibrated CTD and oxygen probe should be taken.

The widely applied 0.1 m? Van Veen grab (modified
version after 2) has to be used as the standard gear
for benthic macrofauna sampling in the Baltic Sea,
because of its comparative reliability and simplicity
of handling at sea. The grab should weigh about 25-35
kg when emptied. In order to reduce the shock wave
caused by lowering the grab, the windows on the upper
side shall cover an area as large as possible, in
practice around 60% of its upper surface. The windows




shall be covered with metal gauze of 0.5 x 0.5 mm mesh

size.

There may be cases where the use of other gear with
smaller sampling area is advisable, e.g. if the fauna
ig very dense and uniform. when other gears than the
standard grab are employed, intercalibrations have to
be done on a regional basis and on specific sediments
on which these samplers will be used. When a change of
gear is intended, it is recommended to sample parallel

with both gears for a period of 3-5 years.

Means are to be provided for attaching 20 kg of lead to

the upper edges of the jaws or inside the grab.
Precautions that must be taken when using the grab:

- fThe settling down and the closing of the grab mnmust
be done as gently as possible. This will reduce the
shock wave and the risk of sediment loss as a result

of lifting the grab before completed closure,

- fThe wire angle must be kept as small as possible to
ensure that the grab is set down and lifted up

vertically.

If, as often happens On sandy bottom oOr grosion
sediments, less than 5 1 of sediment is collected, the
sample should be regarded as not quantitative, and a
new sample should be taken after loading the grab with
an extra 20 kg of lead as described above. This may as
much as double the effective sampling depth of the
grab., If less than 5 1 of sediment is still collected,
the sample may be used, but the low sample volume
should be stressed when results are given (cf. 2, p.
64). The evidence of this problem may pe different in
different parts of the Baltic Sea, depending on, e.9.,

how deep in the sediment the species live.

wg3-

The choice of sample size and number of samples 1is
always a compromise between the need for statistical
accuracy and the effort which can be put into the
study. One way to do this is to calculate an index of
precision. The ratio of standard error to arithmetic
mean may be used (3), i.e. { x = arithmetic mean, s =
standard deviation, n = number of samples). A
reasonable error would probably be £0.2 £ 20%,.

1 5]
= = e
D % 5 (D = 0.2)

On thg representative stations, at least five samples
shoéuld be taken to enable the investigator to reach a
certain level of precision by sorting as many samples
as necessary. The same procedure is strongly rec-
ommended for all othexr benthos stations unless another
sampling strategy (area sampling) 1s employed 1in
national/coastal monitoring programmes (see also
Sections A.l and A.2).

The depth to bottom must be recorded and documented
separately for every sample at the time of sampling.

Nevertheless, the depth range shall be kept as small as
possible.

Fach laboratory shall carefully check the exact
sampling area of its grab in order to make possible a

correct calculation of the number of individuals per
square metre.

Sediment  description shall be given by visual
observation stating sediment type, colour, and the

approx. depth .of the oxygenated surface layer (Section
D.1¢, last page}.




Sieving

The standard sieve for the Baltic Monitoring Programme
shall be of metal gauze (stainless steel, brass or
bronze) and have a mesh size of 1.0 x 1.0 mm. In order
to collect gquantitatively developmental stages of the
macrofauna and abundant smaller species it is, however,
recommended to use an additional sieve with mesh size

of 0.5 x 0.5 mm. This sieve must have the same

qualities as the 1 mm sieve. The mesh size of the.-

sieves has to be checked from time to time for damage

and wear.
Attention must be paid to the following points:

- Fach sample must be sieved, stored and documented
separately;

- The volume of each sample must be measured. This can
be done by grading the container or by using a ruler;

- The grab has to be emptied into a container and
should be brought portion by portion onto the sieve
as a sediment -~ water suspension. The use of
sprinklers and hand-operated douches to suspend the
sample is recommended. Very stiff clay can be gently
fragmented by hand. Between the pourings the sieve
must be cleaned to avoid clogging and thus to ensure
an equal mesh size during the whole sieving
procedure;

- The sieving of the sample has to be done carefully in
order to avoid damage of fragile animals. Therefore,
a direct jet of water against the sieve should be
avoided;

- Visible fragile animals, e.g. some polychaetes, shall
pe hand-picked during the sieving; stones and big
shells should be picked out to avoid the grinding
effect;
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~ All residues retained on the sieves should be
carefully flushed off the sieves with water from
below and fixed. Spoons and other tools for sample
transfer should be avoided;

- When the 0.5 x 0.5 mm sieve is used, the 0.5 and 1.0
mm sieve fractions must be kept separate throughout
all further processing.

Other sampling methods

Dredge hauls may be valuable as a complement to grab
samples, since mobile as well as large but compara-
tively rare species are more easily caught by dredging.
This is especially true in areas almost devoid of
benthic fauna, where grab samples may be too small to
collect the remaining specimens. Dredge samples may
alsc be used for describing the relative dominance,.
Descriptions of suitable dredges can be found in (4),

In areas where the burrowing depth of the fauna are
beyond the penetration depth of the grabs (or that type
of gear cannot be used), core samplers may be advisable
to use, provided that their efficiency has been satis-
factorily proven by intercalibrations. {see Section
D.8.b)).

In order to survey a large area and interconnect point-
like (station) information on epibenthos, large-scale
survey methods such as side-scan sonar and under-
water-TV may be used.

Pixation

The handfpickéd animals and the sieving residue shall

‘be fixed in buffered_4% formaldehyde solution (1 part

40% formaldehyde solution and 9 parts water). It should
be noted that formaldehyde is regarded as toxic and
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probably carcinogenic. Therefore, it should be handled
with great care and means for waste air exhaustion
should be provided for all laboratory procedures. For
buffering, 100 g of hexamethylenetetramine (Hexamine =
Urotropin) shall be used per 1 dm® of 40% formaldehyde.

Sodiumtetraborate (= Borax) in excess may also be used.

Preservation and storage

The samples shall be stored in dark jars or in the
dark. The pH of the samples 1is to be checked every
third month and adjusted to about pH 7 by the addition

of buffer if necessary.
Staining

In special cases, l.e. samples from sandy bottoms, it
may be advisable to stain the 1 mm sieve samples to

facilitate the sorting process.

When the 0.5 % 0.5 mm sieve is used, this size fraction
shall always be stained with Rose Bengal for more
effective sorting. The staining shall be done before

sorting by:

- washing the sample free from the preservation fluid
by using a sieve with a mesh size smaller than 0.5 x
0.5 mm;

-~ allowing the sieve to stand in Rose Bengal stain
(1 g/dm’® of tap water + 5 g of phenol for adjustments
to pH 4-5) for 20 minutes with the sample well

covered.

However, Rose Bengal (4 g/dm* of 40% formaldehyde) may
be added already to the fixation fluid.

-G -

Analyses

Species composition, abundance and biomass should be

determined,.
Sorting

Sorting should always be done using magnification aid
(magnification lamp, Stereo-Microscope). Small portions
of the unsorted material shall be put on a 0.5 mm mesh
size sieve and washed with tap water. The portions must
be flushed into a transparent glass dish of about 20 cm
diameter covering the bottom of the dish as only a
1oqse and semi-transparent layer. The material shall be
loéked through twice by regqular scanning. The dish must

be shaken before the repeated search.

During the first examination, a piece of dark foil
shall be placed under the dish while a piece of light-
coloured foil shall be used for the second examination.
This ensures equal visibility of 1light- and dark-

coloured animals.

After having sorted each sample (except the first!) the
index of precision (3, p. 129; see also the above
paragraph on sampling) has to be calculated. When
reaching the proposed level of precision (D« 0.2 £20%)
no further sample from this station needs to be sorted.
This applies only for the dominant species, each of
which takes up more than 10% of the total abundance.

When the 0.5 x 0.5 mm sieve is used, this size fraction
shall be sorted by scanning the sample twice under a
stereomicroscope. Before sorting, the size fraction

could be' subsampled using a subsampler described by

‘Dybern et al. (2, page 61),
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Broken animals shall only be counted as individuals by
their heads (e.g. polychaetes)} or hinges of bivalves

with adhering pieces of tissue.

Biomass determination

The biomass shall be determined as formalin wet weight,

formalin dry weight and ash-free dry weight.

The biomass determination shall be carried out for each

taxon separately.

During the initial period after fixation the biomass of
organisms changes, and therefore formalin wet weight

shall be measured not earlier than three months after

preservation (1).

The formalin wet weight is obtained by weighing after
external preservation fluid is removed on filter paper.
Wwhile removing the water, the larger animals shall be
carefully and delicately turned over on the filter
paper. The animals are left on the filter paper until
no more distinct, wet traces can be seen., In practice,
tiny animals dry within a few seconds, while larger
ones take 20 seconds or longer to dry. Shelled animals
are weighed together with their shells. In the case of
large bivalves (length over 15 mm}, the two shells are
opened with a scalpel and laid on filter paper. The
opened shells must be squeezed so that all the water
flows out of the mantle cavity. As soon as the non-
tissue water has been removed, the organisms are

weighed with an accuracy of 0.1 mg.

The formalin dry weight shall be estimated after drying
the formalin material at 60-80°C to constant weight
{(for 12-24 hours, or an even longer time, as may be
necessary for this process). Ash-free dry weight should

be estimated after measuring dry weight. It is

c)

w00

determined after incineration at 500-520°C in an oven
until weight constancy (about 12 hours, depending on
sample and object size). The temperature in the oven
should be checked with a calibrated thermometer,
because there may be considerable temperature gradients
{(up to 50°C) in a muffel furnace. Caution is advised
not to pass a certain temperature (550°) since then a
sudden loss of weight may happen due to the formation
of Ca0 out of the skeletal material of many invert-
ebrates (CaCO3). This can reduce the weight of the
mineral fraction by 44%. This decomposition occurs very

abruptly and within a small temperature interval
(6).

Before weighing, the samples must be kept in a desic-
cator, while cooling down to room temperature after
drying as well as burning. Ash-free dry weight may also

be calculated using the conversion factors published by
BMB (5).

Data reporting

All data should be reported according tc details given
in Sections D.10. and D.11l.

Whenever some taxon found on the sieves is excluded
from the reported results, this should be explicitly
stated and the reason explained (e.g. Piscicola
geometra not included because it is a parasite) on the
Plain Language Record. Also results from dredge hauls

and any other survey methods should be reported in the
Plain Language Record.

A sediment description can be given in the Plain

Language Record or, if a more comprehensive sediment

gnalysis has been made, in the reporting format for

contaminants in sediments {see Section C.III)
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Micro-organisms

Methods to be used for microbiological monitoring

- Total number and biomass of bacteria
- Production of bacteria

- Colony-forming bacteria (colony count)

Sampling sites and frequency

On monitoring cruises, including standard stations,
microbioclogical measurements should be performed on the
same samples as 14C--primary productivity measurements
are made,

For baseline studies near-shore stations (at least one,
but preferably three) should be monitored with higher
frequency, at least once a month.

Sampling

Water for microbiological analyses should be taken from
the same samples as for primary production and
chlorophyll-a.

The standard sampling depths for microbiological
measurements are: 1l m (2 m), (3 m), 5 m, 10 m, (15 m)
and 20 m, non-obligatory depths being given in
brackets.

Sampling should preferably be performed in the morning.,

Data reporting

All datalrepo}ting should follow the bioclogical data

~reporting format and should be given along with the

phytoplankton determinands (primary productivity,
chlorophyll-a and phytoplankton):
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- for bacteria counts: total number, mean cell volume

and the factor for converting cell volume to carbon

should be given,

- for production of bacteria: thymidine incorporation

and factors for calculating net production should be
given,

- for colony-forming bacteria: the number of colony
forming bacteria per ml of water sample should be

given.

Method for measuring total number and biomass of

bacteria

The method for measuring total number and biomass of
pacteria with Acridine Orange (A0) staining follows
essentially the method presented by Hobbie et al. {(2).
However, one should note that other stains, DAPI (3},
ACRIFLAVIN (1) etc. may work better than AO in

different types of waters.

Acridine orange direct count (AODC)

Materials

- Scintillation or other glass vials (particle free,
heated in 560°C for 4 hours) for collecting and
storing the samples

- ¥ormalin (35-39%), unbuffered

-~ Sterile filtration units for making particle~free
liguids

- S8yringes

~ Membrane filters

- Nuclepore filters (pore size 0.2 um)
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Procedure

Shake the sample well and draw a 20 ml subsample from
the sample bottle,

24dd 0.5 ml of formalin into the 20 ml sample through
the sterile filtration unit. Let a few drops out of the

unit before starting to add it into the sample vials.

Store the samples in the refrigerator for further
processing. Good preparations are obtained if staining
is done within 24 hours after formalin fixation.
However, good preparations have also been obtained
after storage times of several months.

AO-solution

1. Acridine orange (AO) solution: 0.5 mmol

15.1 mg of A0 + 98 ml of deionized or distilled
water + 2 ml of unbuffered formalin (35-39%)

- make the solution particle-free by filtration with
a disposable filtration unit (pore size 0.2 um) just
prior to staining as described below, or

- make the solution particle-free by filtration,
cover it with aluminium foil (soluticn is light
sensitive) and store it in the refrigerator (may be
stored up to several weeks).

2. Irgalan black solution

2 g of Irgalan black/one liter of deionized water.

Add 20 ml of acetic acid to make the solution 2%
acid.
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Irgalan black staining of Nuclepore filters

Stain the Nuclepore filters (25 mm, pore size 0.2 pm)
30 min. in 0.2 pm filtered Irgalan black. Rinse care-
fully 3 times on 0.2 pum filtered deionized water. Dry
the filters (5-10 minutes) and place them back in their

case. Use clean, particle-free petri dishes for

staining and rinsing.

Sample preparation

Rinse the filtration system thoroughly with sterile

water to start the procedure.

place the Sartorius, Millipore etc. membrane filter

(pore size 0.2 um) on the sinther as the supporter.

place the Irgalan black stained filter on the wet

Sartorius: avoid air bubbles.

Staining procedure

add 5 ml of particle-free deionized or distilled water

into the funnel.

Pipette 1=-2 mnl of sample water into the funnel (mark
the date and filtered volume on the sheet} and filter
to dry. Add 2-5 ml of particle-free deionized or

distilled water into the funnel and continue filtering

to dry.
Stain the sample with 300~500 ul of particle-free AQ

solution (0.5 mmol). Use the sterile filtration unit.

Keep the filtration unit covered with aluminium foil.
Allow two to five minutes for staining with AO.

Allow the filter to dry.

8 483184A
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Take off the Nuclepore filter when vacuum is still on

and write with a pen at the edge of it: sample label
and volume of filtration.

Allow the filter to dry for a few minutes (5-10 min)
and place it back into the box.

Store the filters in a dry, dark place (may be stored
for several months).

Microscopy

Place a drop of Immersion oil (nd.1.515) on the
objective glass.

Place the filter (or a part of it if you want to look

at it again later) on the o0il so that air bubbles are
not caught under it.

Place a drop of immersion o0il on the filter.

Place a cover slip on the filter without creating air
bubbles.

Place a drop of immersion o©il on the cover slip. The
sample is ready for counting.

Count at least 20 fields (10-20 cells/field). For
calculations, you need the filtration surface area and

the area of the counting (eguation 1).
(1) N (cell/ml) = X * & *+ a * 10° = a7t « 71 « 71

= area filtered (e.g. 193.59 mm2

)

= @dilution due to formalin (20.5/20) = 1,025
= area counted (e.g. 640 um®)

= fields counted (e.g. 20}

= volume filtered (1-2 ml)

= total count of cells

I R = T " I o PR
i
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Cell volunme determination

Bacterial cell size distribution is determined by cali-
brated ocular graticules e.g. Patterson-Cawood or New
Porton Grids (Graticules, Ltd., England). At least 20
fields and the total of at least 50 cells are measured
(classified). The cells measured must be selected
randomly, e€.g. count the cell closest to & pre-
determined spot of the graticule from each field. Do

not hesitate to count 50 fields altogether.

The actual measurement ig done with the aid@ of
different size circles on the graticule. For cocci
select the circle closest to the size of the organism:
With Patterson-Cawood grid, and with about 1200 times
magnification the smallest circle is close to 0.2 pm.,
For rods pick the circle that is closest to the width

(W) of the rod and another circle that is closest to

the length (L) of the rod.

Cell volumes are counted according to equation 2.
(2) Biovolume um® = x/4)W (L-W/3), where
cell length

W = cell width

for coccl L = W.

k-
il

Results

Results must be expressed as:

A. Total number of bacteria, cells w1t *10% (1.00E6)

B. Mean cell volume, um’ cell™T, and coefficient of

variation (1.000E-3)}, CV%
Cc. Factor for converting cell volumes to carbon =

0.35 pgC pm“3

Biomass of bacteria = A * B * C

b)
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Production of bacteria

Method for measuring bacterial net production using

Tritiated Thymidine Incorporation

Bacterial production 1s measured by a modified
TTI-method (Tritiated Thymidine Incorporation), Fuhrman
and Azam (1) (see Figure D.2.). This procedure was
adopted for routine use by Larsen et al. (2}.

Materials

3
Hemethyl-thymidine {(20-100 Ci/mmol)
Formalin (35-39%)
Trichloroacetic acid 5% (ice-cold)
Filtration unit (e.g. Sartorius SM 16547 or Millipore
1225 Sampling manifold)
Membrane filter (0.2 pm)

Ligquid scintillation equipment




FIGURE D.2.
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Flow chart of TTI-measurement technique,
sample volumes, incubation times and
liquid scintillation procedure may vary

between sites.

25 ml seawater
10 nM SH-thymidine

Y
30 min incubation

Y
0.8 ml 37% formalin

500 p! ethyt-
10 ml acetate 30 min
icecold 10 m! Aqualyte

5% TCA
NN T 0_2 }Jm

---L;.
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Procedure

Twenty to twenty-five ml water samples are incubated
with 10 nM tritiated thymidine (3H-methyl—thymidine,
20-100 Ci mmol™') for 30 minutes at in situ tempera-
ture. When temperature is below 5°C incubation up to 2

hours may be used.

Incubations should be started immediately after
sampling. If storage cannot be avoided, larger amounts
of water (e.g. 1 1 sample bottles) must be kept at in
EEEE temperature, in a water bath, 1in the darkness and

incubations should be started within an hour,

Three formalin-killed (1% final conc.) blanks are
incubated along with three subsamples. Allow 10 min.
before adding label to blanks. Incubations are stopped
by adding formalin to a final concentration of 1%.
Formalin-killed samples are stored in the refrigerator
until filtration. A known volume of the samples is
filtered through 0.2 pm membrane 25 mm diameter filters
(Sartorius SM 111, 113, Millipore, Asypore}. The
filters are rinsed five times with 1 ml ice-cold TCA
(trichlorocacetic acid} and again five times with 1 ml

TCA with the chimneys of the filtration device removed.

The filters are stored in glass (preferably) or plastic
vials and, prior to 1liguid scintillation counting,
solubilized by 30 minutes' treatment with 0.5 ml ethyl
acetate. Certain scintillants (e.g. PCS, New England)

may make use of a sclubilizer unnecessary (with

Millipore BS, Sartorius 113 and Asypore). This alterna-

tive is to be preferred since ethyl acetate is a strong
gquenching agent and therefore inaccuracies in pipetting

will introduce large errors in counting efficiency.
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After addition of the scintillation cocktail, the
3H--activity is assayed by liguid scintillation counting
and corrected for quench by external standard channels

ratios. Formalin pre-fixed samples are used as blanks.
1 .~1

Thymidine incorporation (TI, mol 1" h ) is calculated

asi

dpm. - dpm

S B
SV x T x SA

TI

where dpmS and dme are the 3H—activities of the sample
and blank, respectively, SV is sample volume (1), T is
incubation time (h), and SA is specific activity of the

3H-thymidine (dpm mol 1),

Batch cultures to evaluate the conversion of thymidine
into bacterial cell production should be performed for
each new sampling site during each of the annual suc-
cession stages (e.g. spring, summer and wintex). For a

discussion on this subject, see (3).

For batch cultures, seawater (250 ml) is filtered
aseptically through a 0.22 um Millipore filter, As an
inocculum 25 ml seawater, filtered through 0.6 um to
remove predators, is added. The batches are incubated
at in situ temperature for 48 h. Every 12 h subsamples
are taken and preserved with formalin for bacterial
enumeration by AODC. TTI-measurements are carried out
at 4-8 h intervals following the procedure described
above, Finally, for each 12 h period the integrated
thymidine incorporation is compared with the observed
increase in cell numbers to obtain an empirical con-
version factor from thymidine incorporation to cell
production, As a guidance, a conversion factor of 1.1 x
1018 cells mol_l thymidine incorporated may be applied
to coastal marine environments {3). The measured
average cell volume and a factor of 0.35 pgC um_3
should be used to convert production data into carbon

terms.

c)
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Net production is thus calculated according to:

Net production, mgC n3h7t = oy ow CF * CV * CC

where TI = thymidine incorporation, mol 1_l h—1
CF = 1,1 * 1018 cell mol-l
oV =y’ ce11”?

CC = 3.5 * 1077 pgc um™>
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Colony-forming bacteria

Determination of the number of colony-forming bacteria

Introduction

The determination of the number of colony~-forming
bacteria 1is routinely performed by most of the
microbiological laboratories, These measurements do not
require special apparatus other than basic equipment,
The number of colony-forming bacteria is an easily
cbtainable parameter which gives some information on
the degree of pollution of the water bodies undesy
study. It has been found that the colony~forming
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pacteria often react rapidly to environmental stress
(2, 3). Thus, in eutrophied and polluted areas, the
number of colony-forming bacteria and also its
percentage of the total bacterial number are subs-

tantially higher than in clean waters.

Since the number of colony-forming bacteria is affected
by environmental changes, this implies that also the
type of nutrient media, the incubation temperature,
etc. influence to a great extent the results, The
method, therefore, necessarily requires a rigid

standardization.

For the determination of the colony-forming bacteria
the "pour plate" and the "spread plate”" methods exist.
In most cases the results obtained by the two methods
are quite similar (4). Since the "pour plate" method is
more frequently employed in routine measurements, it is
suggested that it be used for microbiological

monitoring (1.
Equipment

Microbiological water sampler

- ZoBell-samplers are very convenient.

Dilution vials

- Screw cap test tubes with 9 ml of sterile water
having a salinity close to that of the sample may be
used.

Sterilized 1.0 ml pipettes

Petri plates of 9-10 cm ¢
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Thermostatically controlled water bath
- The flasks containing the nutrient medium should be
maintained at 42°C.

Nutrient medium

-~ ZoBell's medium 2216 E is suggested. This medium
contains 5 g of peptone, 1 g of yeast extract and 15
g of agar per liter. The pH of the medium should be
7.6,

-~ Since the composition of peptone, yeast extract and
agar may vary according to the supplier, the products
from DIFCO (Dbetroit) should be used.

- The water used for preparing the medium should be
aged sea water with a salinity close to that of the
water samples to be studied.

- It is convenient to put 10 ml portions in test tubes,
since the test tubes allow rapid ligquefying of the
medium and afterwards fast maintenance at 42°C. The
medium should be sterilized for 20 minutes at 121°C

in an autoclave,

incubator

- The incubator should maintain a temperature of 20°C,
Colony counting device

Sampling depths

The water samples should be taken with the microbial
water sampler under sterile conditions from 3 m below
the water surface, 3 m above the sediment, and at the
depth of the halocline. The depths should coincide with

those for phytoplankton and chemical analyses.

Storage

Storage of water samples should be avoided. A storage
time of 3 hours, however, in a refrigerator may bhe
tolerable.
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Procedure
e e SO

The whole procedure has to be done under aseptic condi-

tions.

1)

Samples from the chosen depths are taken and

thoroughly shaken.

The number of colonies growing on the plates should
be between 30 and 300. It may, therefore, .be
necessary to dilute the water samples with sterile
water, with the salinity close to that of the sample

water.

The appropriate dilutions are prepared by pipetting
1 ml of the sample to the first dilution vial and
1 ml from there to the second vial and, if
necessary, continuing to the third vial. Mix well
between the dilution steps. Thus, dilutions up to
10”3 are obtained.

In near-shore regions, dilutions of the samples of
o =1 qilution
Baltic Sea the original sample or the 10 diluti

and 10_3 may be necessary, whereas in the open

may be used.

1.0 ml portions of the water sample or of a sultable

dilution is pipetted into 3 sterile Petri dishes.

A 10 ml portion of the 42°C warm molten nutrient
medium is poured into the Petri dish and mixed with
the water sample. This is best done by moving the
dish several times in a clockwise and anticlockwise
direction. The agar medium will solidify within some

minutes.

5)
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When the agar medium has cooled down to room

temperature, the dishes are placed upside down and

put together into stacks. These are covered with

plastic bags and then incubated at 20°C
incubator.

in the

6) The colonies are counted after 7 and 14 days of
incubation. The first counting is considered only in
the case of fungal growth, which usually does not
appear before the second week of incubation.

7} The results are reported as number of colony~forming
bacteria per ml of water sample,
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10. Biological data reporting format

Tnternational council for the
Exploration of the Sea

Revised August 1983

REVISIONS TO THE BIQOLOGICAL DATA REPCRTING FORMAT

In relation to the July 1981 version of the Biological Data Reporting Format,
+he following changes have been made:

Section 3.2 Phytoplankton Primary Production

3.2.1

3'2.2

Type Master Record (pp. 6 end 23 in July 1981 version

and in this version).

Column 53 has been sssigned to "prtepuation determination
method".

Columns S& to 72 are unassigned.
The assignmeni of columns 70-73 to "Total lrradiance
(in situ)" end columns 74-T7 to "Total irradiance (expe-

rimental )" has been deleted, and

Column 73 has been assigned to “Irradiance anit”.

Columns 74-77 have been assigned to "Incubator irradiance'.

Columns 24 to 27 have been assigned to "Relative irra-
diance".

Columns L5~40 are now assigned to "Potential primary pro-
auction" (addition underlined).

Columns 50-5k are now assigned to "Daily production per
m3" (eddition underlined).

Columns &0-62 are now assigned to "Carbon dioxide".

Columns T70-74 have been assigned to "Daily production
per m<".
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Section 3.3 Chlorophyll a

3-3-1

: : : and
in this version).

Celumn 53 has been assigned to "Calculation method”.

Section 3.4 Phytoplankton

3.4.2  Data Cycle Record {p. 11 in both versions).
Column 2%: & new code number has been added for the
RUBIN Code List PL, FPhytoplankton, limnic.
Section 3.5 Mesozooplankton

3.5.2

. and in this version).

Column 2k: & new code number i
.- haes been added for th
RUBIN Code List 01 Baltic invertebrates. )

Column 37 should be changed to unassigned from identifier

Column 38 sh
o ould be changed to "Developmental stage and

Section 3.6 Zocbenthos

3.6.2

Data Cycle Record (p. 18 in both versions).

EQIuén 2%: 2 new code number has been added for the
RUBIN Code List 81 Baltic invertebrates. -
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Page ' INTERNATIONAL COUNCIL POR THE EXPLORATION OF THE SEA

BIOLOGICAL DATA REPORTING FORMAT

...... 5
l' mTRODUCTION .‘..!-l..'.'.".'. IIII PO B N B CEC R R ‘
........ veeee ? : 1, IXNTRODUCTION
2, OVERVIEW OF THE SYSTEM sesvnse T R R
Treerere beeeeees € This format has been developed in response to a request to the International
5. DETATLED DESCRIPTION «.eorovencnrossusesnssnsnss ; | fhis omet nas been developed o sesponse o o ceguest o the Inte
%,1. BioMaster ReCOTd savesnosns Ceeesenan terseasanen fesearaeanan | oot menbons Brotecsion Comniosion for  Fata Teporeing foeet vhich could
. : AUEtiOoN weerrrencrerrecenre ceerns ’ be used for biological measurements obtained in the Baltic Monitoring
3,2, Phytoplankton Primary Production ..eeesecen , ve used for biologicsl messureaents obtained in the Baltss Honiori
3,3, Chlorophyll & coveevervcrrer teaisesanereane Ceeee RPN .o | esenograpnic Data Reporting Systen qued to interface vith the 1085
» Ty ceeee 1 Punch Cards, 4th Ed. 1979), which is used fo report hydrographic and
5-4- PhytOPlank‘ton --------------------- PRI 16 hydrochefnical da_'ta releva.n.'t 'tO arn in’terpre'ta‘tj__on of the biologiCal I‘esults,
3.5, Mesozooplankton Cereeans e ireresasseererenasrons cesane e and has been based on the IOC GF-3 format for the intermational exc o
& cees 20 oceanographic data.
3,6, Zoobenthos seecescocenrs RS R - _ hange
%.7. Plain Language RECOTA soscecrtosnnsssnosssssarssnesascanass

The Biological Data Reporting Format is intended to be flexible and ie
24

i amendble for recording and exchange of data via standard forms, punch
4. GENERAT REMARKS FCR ALL RECORDS soesesoncsonvansocnassnses reesnans . cards or magnebic tapes.

5 5. OVERVIEW OF THE SYSTEM
APPENDIX 1 ~ 10C COUNTRY CODES FOR ICES MEMBER COUNTRIES +'vevevnns 25 :

‘ Four types of records are included in this format: a File Headexr Record
_ (the BioMaster), a Series Header Record (the Type Master), a Data Cycle
RECORD FORMS: : Record, and a Plain Language Record (see Figure 1).

crrenmaus 26
BioMaster Record ..... cassaerraenasen eetsasberevanne .
Yankton Primary Production
Phi;;p Master Record cetererreennes 27 PILE YEADER RECORD
e er FEE B R BN B I B g e s ® B A O W A IR d R
. 2B
Data Cycle Record ceeevevervravarenecers PN Cerr e . B LOMASTER
Chiorophyll & .
Type Master RECOTA sevvensvsosanssossnsassssenesrssucannnss o .
Data Cycle Record seeevecerenonaravenes taesscns hesraeraesraes
Phytoplankton .
Type M-avs.ter Record ® % 88 0w 'TEEEREE N *r e N b2 [N N ll'....ll ..’II..O 32 S m S a m S S m
Data Cycle Record P EEE R R EE R LR R : EﬁizioiiﬂD EﬁizzoiiAD EB;ECORD
Mesozooplankton HEAD!
M&S‘t R OI‘d T EEEEE RN N 33 k) TYPEMASTER TYPEMASTER TYPEMASII'ER
me er ec P LR R I I A I "R EE IR R :
R L
Data CYC1e Record M R R R L g s E B AR HEE S Sear PR R S I B
Zoobenthos .
Type Master ReCOTA suvevrsesccrvsnesorrronmennronesetensrs v y )
Data Cycle Record J R R AR AR R - | | | |
Plain Language RECOTE eeeeereovsavavesanossannuesnrsrresesoosss . | } | | \ :
Sample Description FODM «.uuiveesvenrscrrernnranensrrrrrntsnnnss DATA CYCLE| DCR DCR DATA CYOLE

{
DCR ICR DATA CYCLE | DCR DCR DL

o -0 - | RECORD RECORD RECORD

PIGURE 1: CVERVIEW OF FORMAT
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The BioMaster Record serves as the file header for the full series of
biclogical data obtained at one station. The first 27 columns of the
BiocMaster Record are identical to the first 27 columns of the cards used

in the ICES Oceanographic Data System so that the relevant hydrographic,
hydrochemical and meteorological data may be easily correlated with the
biological data obtained at the same station, The remainder of the
RioMaster Recerd is used to record the types of observations made at that
station and the number of Type Master Header Records which have been filled

in for each observation type.

The Type Master Record serves as the header for the information relevant to
the individual types of observations made. At present, five parameters are
included in this format, with code numbers as follows:

Code ¥No. Parameter
01 Phytoplankton Primary Production
02 Chlorophyll g/?igments
03 Phytoplankton
04 Zooplankton
05 Zoobenthos

For each parameter measured at a station, one or more Type Master Records
will be filled in, according to, e.g., whether one or more than one mesthod
of measurement has been used. The first eleven columns are identical to
Columns 1-8 and 19-21 of the BioMaster Record to provide for proper
identification of the observation series (see Figure 2).

The Data Cycle Record provides the record for the individual data obtained
with respecti to the relevant Type Master Record. For example, the Data
Cycle Record may contain information on the number of individual organisms
and their biomass according to species for phytoplankton, zooplankton, and
zoobentheos., The first 11 columns are identical fto Columns 1-8 and 19-21
cf the BioMaster Record, while the next 4 columns serve to correlate the
Data Cycle Record with the appropriate Type Master Record (see Figure 2).

The Plain Language Record may be used at any level in the format to insert
comments which are, e.g., relevant to the interpretation of the data.

The first 11 columng of this record are identical to Columns 1-8 and 19-21
on the BioMaster Record. The nexi 4 columns are used to identify the type
of observation to which a particular Plain Language Record is relevant.

DETATLED DESCRIPTION

3.1. BioMaster Record

The BioMaster Record is the file header for the full series of

biclogical data obizined at one station. The BioMaster identifies
what type of information is contained in the file, i.e., which parameters
have been measured and how many Type Master Records have been prepared for

each parameter.

One BioMaster Record should be filled out for each gampling station according

to the echeme given below. The first 27 columns should be filled in with
information identical to that given in the corresponding Eydro Master Card
for that station. For convenience, part of the scheme concerning these
first 27 columne is given here (see page 4); full descriptions can be
found in the Manual on ICES Oceanographic Punch Carde (Fourth Edition,

1979).
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BioMaster Recorg

Column Ttem Code Description
1-2 Country 10C Country Code (see Appendix 1).
34 Ship Number of the vessel, according to national

number code.

5-8 Station No. Consecutive numbers given for one year and one
ship (starting anew each year),

9-12  Latitude Given to nearest minute.

13-17  Longitude Given to nearest minute,

18 NESW Given according to the following coge:
0 - N and E
1 - Nand W
2 -5 and E
5 -5 and W
In thi . '
Observgd?onnectlon, the following rules are

oz Latitude is taken as N
0 %ongitude is taken as E
180" Longitude is taken as W,

19-21  Year Insert last three digits of the year.
22-23  Month Number of the month. January = 01, etc,
24-25  Day Day cof the month.

26-27  Statior time Starting time (to the nearest hour} of the

hydrographic station in GMT.

gg:gg ggram?ter g Information on which parameters have been
+ of Type Masters) measured at the station is inserted according

32~33  Parameter g to the following code:
34-35  No. of Type Masters) 01 = Phytoplankton Primary Production

36~37 Parameter 02

Chlorophyll a/Pigments

it

38-39  No. of Type Masters) ©- = fhytoplankton
04 = Zooplankton
= Zoobenthos

42-4% No. of Type Masters

44«45  Parameter
46-47 No. of Type Masters

The ngmber o{ Type Master Records in the file
associlated with each barameter is given in the

40-41 Parameter g 05
3 subsequent two coluans.

48-72  Unassigned Reserved for definition later, as needed

}Insert blanks,

73-77 ICODS Stetion No. Insert station mumber according to the
International Catalogue of Ocean Data Systems.

78 Unassigned Reserved for possible future use for coding
purposes. Insert blanks,
79-80  BioMaster Record Insert the figure 31,

Code
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3.2. Phytoplankton Primery Production

%3.2.1. Type Master Record

The number of Type Master Records to be filled out will depend

on the number of different methods or conditions used to measure
primary production at the station. 1f only one experimental method {incubator
or in situ) is used and if the same counting method and incubation times
are used for all samples, then only one Type Master Record should be completed
for this parameter. However, if different experimental or counting methods
are used or different incubation times or durations are employed, separate
Type Master Records should be filled out for each different condition. The
means of distinguishing among these veriations are contained in Columns
14 and 15, with further specification in Columns 41-48, 49-~51 and 52, as

applicable.
This Record should be filled out as follows:

Code Description

Column Lten

Fill in same information as in Columns 1-8

Country
on BioMaster Record.

1-2
T Ship
5-8 Station Fo.

Insert last three digits of the year.

9.11  Year
12-1%  Parameter Insert 01 (code number for phytoplankton primary
production).
14 Method Insert code number of experimental method used,
as follows:
1 - incubator
2 - in situ
15 Specification If measurements have been carried out using two

or more incubation times or temperatures, or

if different 4C counting methods have been used,
assign 2 number for each variation, beginning
with 1. If no different conditions have been

usged, insert a blank,

16-17 No. of depths Right justified. Insert the number of depths
at which samples have bteen taken.

Right justified. Insert depih %o bottom in
meters, to the first decimal if possible or
appropriate. If not, insert a dlank in
Column 23,

18-23  Depth to bottom

24-38 Detailed Coordinates These columns are avalilable to specify the

(optional) cocordinates of the sampling site in greater
detail, if desired. Otherwise, the columns
should be filled with blanks.

1f used, the columns should be filled as follows: (see next page)

Column

| 3940

L1-48

Lo-51

52

>3

5L-72

73

T4-77

78

79-80

24-30 Latitude
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24 N or S insert letter or
1 = North
2 - South
25-26 Degrees
2730 Minutes to the second decimal place

N E or W insert letter or
1 ~ East
2 — West

32-34  Degrees

35-38  Minutes to the second decimal place.

Iten

Sémpling time

Incubaticn time

Incubation tempe~
rature

Counting methead

Attentuation

determination
method

Unassigned

Irradiance unit

Incubator

irradiance

Unassigned

Type Master
Record Cogde

Code Description

Insert the time of sampling in GMT to the
nearest hour.

;nsert incubation time to the nearest mirute
in GMT:
Cols. L1-Lk veginning of incubation

Cols. L45-LE end of incubation

Igsert te@perature of incubation in °C to the
first decimal place.

Insert the method used to count 11aC activity:

1 - Liguid scintillation

2 - Geiger-Miller
;nser§ the method used to determine the relative
irradiance at the sampling depths:

1 - quanta meter
2 ~ photometer with green Tilter
3 - Secchi disc

Fill with blanks.

;nsert the unit in which the irradiance in the
lncubator is given:

- 10;3 quanta m ¢ 57! (40O - 700 nm)
- 10" quanta g 2 571 (350 - 3000 nm)
~ Joules m ¢ ™! (LOO -~ T00 nm)

( )

LS WS O QY

- Joules m< g~} 3C00 nm

L

A

le]
1

Righ? justified. Insert the mean irradiance in
?he %pcubator @urlng the experiment (or the mean
irradiance during the in situ experiment ).

Reserved for possible future use for coding
burposes. Insert blank.

Insert the figure 32.
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: 3.%. Chlorephyll a
3.2.2 Deta Cycle Record _

one Data Cycle Record should be filled in for each sub—-sample studied, ; 5.3.7,

Type Master Record
as follows:

The number of Type Master Records to be filled out will depend

Code Description on the number of different methods or conditions used to
Column item determine chlorophyll a at the station. If only one method is used for &1l the
Fill in same information as in Columns 1-15 of samples, then only one Type Master Record should be completed for this
=15 the associated Primery Production Type Master parameter, However, if different sclvents, filter itypes, or measurement
Record.

techniques (spectrophotometric or fluworometric) are used, then separate
_ . : Type Master Records should be filled out for each different condition. The
16~17  Unassigned Fill with blanks. : means of distinguishing emong these variations are contained in Columns

used, as follows:

Record Code 1 - 90% acetone.

8-2 Observation depth Right justified. Insert depth at which Sampl?p 14 and 15, with further specification in Columns 44-52, as applicable.
19753 was obtained in meters, to one decimal place i1 ;
applicable. Insert a blank if no decimal place 1 This record should be filled out as follows:
used.
. . . . Column Item Code Description
ol-27  Relstive irradiance  Right justified. Insert the relstive 1rrad1§n§e . — _— 2
. ; . . . v
in percentage of the irradiance 1mmedlat?§y el?c— 1-8 Fill in same information ag in Columns 1-8 on
the water surface, to one declmgl place 1 .&PP _ 4 BioMaster Record.
able. Insert a blank if no decimal place 18 used., | . ) ) ‘
26-38  Unassigned Fill with blanks. G-11 Year Insert last three digits ¢f the year.
- n 3
39-40 No. of parallel Right justified. Insert total number of paraél;l 12-13%  Parameter Insert 02 {code for chlorophyll a ).
samples samples taken at the depth gaven in Columns 158-23.
li1-42  Szmple No. Tnsert the number of the particular sample being : 14 Method insert ?ode number of measurement method, as
reported on this record, beginning with 01. ; ollows:
+ & b-samples obtained 1 ~ spectrophotomeiric
43 No. of sub—samples %izzr;hzhzazgizl nunber of sub-sanp 5 _ fluorometric
L Sub-sample No. Insert the number of the particular SPb”S&?Ple ' 15 Specification If measurements have been carried out using fwe
veing reported on this record, beglnning with 1. or more types of filters, extraction solventls,
o . _ _ or other condition reported on the Type Masiiy
- g i Right justified. Insert the temperature - STk :
k5-49  Potential primary ;i?ecied meximum potential production in i Record, assign a number for each variation ;
production c Z3 47 to the second decimal place. . beginning with L. If no different conditicns >
mgC m T © 2 actual have been used, inserit a blank. &
. . : : e he day-integrated actua : :
~ 1y production Right justified. Igsert t s - - o ;
50-54 Dzi i P primary production in mgC m 3 @ay™! to the second 16-17 No. of depths Follow the instructions given for the identival i
P decimal place. ; : _ %8«22 Depthlto bottgm column numbers in the Phytopla?kton Primaiy o
. . - - : 4~ Detailed coordinates) Production Type Master Record (Sec. 3.2.1). e
: : ; 3 3 . rt in mgC m - hr  to the : i
- Dark fixation Right justified. Inse . optional o
09723 second decimal place. _: (op ) g
60-62 Carbon dioxide Insert concentration in mM dm 3. | 39-40 Sampling time Ingert time of sampling in GMT to the nearési i i?
. . initi cessary. : S
63-60  Unassigned Reserved for future definition as ne Yy 41-43  Sample volume Right justified. Insert volume of sample iy o T
Fill with blanks. i to one decimal place. .
. . . . ) -integrated . URERE
_ ticn Right justified. Insert the depth_ln r . ‘ i
T0-TH gz;li produc acfial pripary production in mgl o 2 day 1 to the i A4 Filter type ingert the code for the type of filter upsed, ”fT
first decimal place_ as follow&!: 'I
75~77  Part counted Right justified. Insert as per cent, with no . ' 1 - Whatman GF/F or GF/C :f g
; decimal place. ® : o o
(optional) = dpf ible future use for coding ) 45-46  Filter diameter Insert the active filter diameter in millim s
T8 Unassigned Reserved for possi i ' ‘ L
purposes. Insert blanks. 47 Solvent Insert the code number for the extraciiag S
79-80 Data Cycle Insert the Tigure 33.




Column
48-50
51-52

53

Sh-77

T8

79-80

3.%.2.

Column
1-15

16~17

18-23

24-%8
3540

4142
43

45-47
48-50
5177

78

79-80

Ttem
Extraction volume
Cuvette size

Calcuiation method

Unassigned

Unassigned

Type Master
Code

Code Descripiion

Insert in cm3.

Insert in mm.

Insert the method used for calculation of the
concentration of chlorophyll-a according to the
following code:

1 — Jeffrey & Humphrey equation
2 — Lorenzen equation

Reserved for future defirition. Fill with

blanks.

Reserved for possible future use for coding
purposes. Insert blank.

Insert the figure 32.

One Data Cycle Record should be filled in for each sub-sample, giving
the information as follows:

Ttem

Unassigned

Observation depth
Unzesigned

No. of parallel
sanples

Sample No.

Yo. of sub-samples
Sub~sample No.

Chlorophyll 2

Phaeopigment

Unassigned

Unassigned

Data Cycle Record
Code

Code Description

®ill in same information as in Columns 1-15 of
the associated Chlorophyll a Type Master Record.

Fill with blanks.
Follow the instructions given for the identical

column numbers in the Phytoplankton Primary
Production Data Cycle Record (Sec. 3.2.2).

Right justified. Inserti in ng > to one
decimal place.

Right justified. Inseri in mg 2~ to one decimal
place.

Regerved for future definition as needed. Fill
with blanks.

Reserved for possible future use for coding
purposes. Insert blenks.

Insert the figure 33.

5.4.

Phytoplankton

3.4.1.
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Type Master Record

Normally only cne Type Master Record for phytoplankton will e

needed for each station.

If, however, different preservatives

are used, a separate Type Master Record should be completed for each kind of

preservative.

Colwumn

1-8

9-11
12-1%

14

15

16-17
18-23%
2438

39-~40
41

42-77

18

19-80

3.4.2.

Ttem

Year
Parameter

Method
Specification

Depth to bottom
Detailed coordina-
tes (optional)
Sampling time ;

No. of depths g

Preservative

Unasaigned
Unassigned

Type Master Record
Code

4 descripiion of the record is as follows:

Coée Degcription

Fill in same information as in Columns 3-8 o
BioMaster Record.

Insert last three digits of the year.
Insert 0% (code number for phytoplankton).
If agreed method is used, leave blank., If nadh,

insert 9 and describe differences on Plain I
Record.

Ingert blank, unless two or more preservaiivad
been used.

Follow the instructions given for the identi
column numbers in the Phytoplankton Primsry
Production Type Master Record (Sec. %.2.1),

Insert according to the following code:

- Lugol + acetic acid
- Lugol

2% formaldehyde
|I‘Keefel1

I DD
I

Reserved for future definition, as needusd.
with blanks,

Reserved for possible future use for coding
purposes. Insert blank. o

Ingsert the figure 32,

Date Cycle Record

One Data Cycle Record should be filled out for each mywii

. found in each counting aliquot, which is a known frac
sub—gample divided for. purposes of counting the organisms.

be completed =e follows:

The rechEd |




Column Item
1-15%

16~17 Unassigned

18-2%  Observation depth

24 Species code

identification

25-36  Species

27-38 Identifiers

3G-40 No. of parallel

samples
41-42  Sample No.
43 No. of sub-samples
44 Sub-sample No.
45 No. of counting
allquots
46 Aliquot No.

47-49 Magnification

50-54 Coefficient

55-58 No. of counting
units
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Code Description

Fill in same information as in Columns 1-15 of the
associated Phytoplankton Type Master Record.

Fill with blianks.

Right justified. Insert sampling depth in meters,
with a blapk in Column 23 (reserved for decimal
place). If an integrated sample is taken over a
range of depths, give minimum and maximur depths

according to the instructions given for the identical:

column numbers in the Zooplankton Data Cycle
Record (sec. 3.5.2).

Insert identification number for species code used,
ag follows:

1 - USNODC Taxonomic Code

2 - Plain language abbreviations of Latin name
(6 cols. for genus + 6 cols. for species).

3 - RUBIN Code List PL Phytoplankton, limnic.

Left justified. Insert code number of species or
plain language abbreviation. Blanks should be
inserted in columne noi used.

Insert code for appropriate identifiers, e.g.,
developmental stage, sex, size, etec. Code to
be developed later.

Follow the instructions given for the identical
column rmumbers in the Phytoplankton Primary
Production Data Cycle Record (Sec. 3.2.2).

Insert the number of aliguots into which the
eample was divided for counting purposes.

Insert the number of the particular counting
aliquot for which results are being reported on
this record, beginning with 1.

Insert amount of total magnification used in
counting the aliguot.

Right Jjustified. Insert the appropriate coef-
ficient for the species reported according to the
magnification used and other relevant factors,

ags is needed to express the nmumber of units of the
organisms per dm?.

Right justified. Insert the number of counting
unite of organisms (as defined for each species -
cells, clusters, etc.) observed for the species
being repoerted.

~131-

Column Item Code Description

59-63  Cell volume Insert appropriate cell volume for the units of

organisms counted in pm? using scientific notation
according to the following scheme:

Col. 59 integer
Cols. 60-62 decimal places (inserthlanks in columns
not otherwise filled)

Col. 63 exponent

Example:
cell volume is 435 \m>
chenge to scientific notation: 4.35 x 102
insert in columns:

4 3 5 b 2
59 B0 Bl 62 63

a blank is inserted in Col. 62 as the

decimal place is not otherwise filled.
Insert plasma volume in pm3 using scientific
nctation and the same scheme as for cell vOLuIne ,
abvove.

b4-68 Plasma volume

Col. 64 integer

Cols. 65-67 decimal places (insert blanks in ol
not otherwise filled)

Col. 68 exponent

See example for cell volume.

69~73 Carbon content Right justified. Insert in picograms.

74-77 Tnassigned Reserved for future definition as necespary. F#ijl

with blanks.

78 Unassigned Reserved for possible future use for coding

Ingert blank,

79-80 Data Cycle Record
Code

Insert the figure 33,

3.5. Mesozooplankton

3.5.1. Type Master Record

bt i PR A el e -t

The number of Type Master Records to be filled in will s

number of different methods used to obtain and analyi
plankion samples at the station. If only one method is used for sl &
only one Type Master Record should be completed for this parameter.
if more than one mesh gize sampler is used to obtain the samples, i
then separate Type Master Records should be filled in for each di.
condition, NOTE: At present, this record is intended for data o)
vertical hauls only, Revisions must be made before data obtained
cblique hauls can be recorded for this parameter.
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This Tecord should be completed as followea:

Column

1-8

911
12-1%

14

15

16-17

18-23
2438

39-40

41-42

43-41

48-50
51-5%
54

55

56717

78

79-80

Ttem

Year
Parameter

Method

Specification

No. of hauls

Depth to bottom

Detailed coordinates

{optional)

Sampling time

Sampler

Area of sampler
opening

Sampler volume
Mesh size

Preservative

Wet weight deter-
mination method

Unassigned
Unassigned

Type Master Record
Cnde

Code Description

Fi1ll in same information as in Cols. 1-8 on the
BicMaster Record.

Tnsert last three digits of the year.
Tosert 04 {code for zooplankton).

Insert code number of type of sample obtained, &b
follows:

1 - net sample
2 - water volume sanmple

1f samples have been obtained using more than one
type of sampler or if they have been preserved uslng
more than one type of preservative, for examplg,
aseign a number for each variation beginning with 1.
1f no different conditions have been used, insert

a blenk.

Right justified. Insert number of hauls taken at

station.

Follow. the instructions given for the
identical column numbers in the Phytoplankton
Primary Production Type Master Record (Sec. 3,2.1).

Insert the time of sampling in GMT to the nearest
hour.

Insert code number for sampler used, as follows:
01 - WP-2 net

. 2
Right justified. Ingert in cm .

Right justified. Insert in dm’.
Insert mesh size of net used to obtain sample in pum,
Insert code, as follows:

1l - 4% formaldehyde buffered with borax
2 . 1:1 80% ethancl : 4% formaldehyde

Insert code, as follows:

1 - individual volume (fresh weight)

o - weighing (formelin weight)

3 - displacement (formalin weight)
Reserved for definition later, as needed., Fill
with blanks.

Reserved for poesible future use for coding PULPOSEE;

Tneert blank.

Insert 32.

3.5.2.

Column

1-15
16-17

1820
21-23

24

25-36

37
38

29-40

41-42

43

4547

48-51

52~56

Data Cycle Record

«133~

One Data Cycle Record should be filled out for each species found in

each sub-sample counted.

Ttem

Haul ¥c.

Meyimom depth of haul Right justified.
Minimum depth of haul Right justified.

Species code identi-

fication

Species

Unassigned

Developmental
stage &nd sex

No. of parallel
samples
Sample No.

¥o. of counted sub-
samples

Sub-sample No.

Portion counted

No. of individuals
counted

The record should be completed as follows:

Cecde Description

Fill in same information as in Cols. 1-15 of the
associated Zooplankion Type Master Record,

Right justified. Insert the number of the haul
from which the sample being recorded was taken.

Insert maximum depth in meters.
Insert minimum depth in meters,

Insert identification number for species code used,
as follows:

1 - USKRODC Taxonomic Code.

2 ~ Plain language abbreviation of Latin name (6
colums for genus + 6 columns for species).

3 - RUBIN Code List 0l Baltic Invertebrates.

Left Jjustified. Insert code number of species or

plain language abbreviation. Blanks should be
inserted in columns not used,

Insert a blank.

Insert code for developmental stage and sex:

= copepodite stage I~II1
- copepodite stage IV-V
~ adult female

— adult male

=l o —

Follow the instructions given for the identical
column numbers in the Phytoplankton Primary
Production Data Cycle Record (Sec. 3.2.2).

Insert the total number of sub-samples in which
zooplankton have been counted.

Insert the number of the particular sub-sample
being reported on this record, beginning with 1.

Insert the denominator of the fraction into which
the sample has been divided, e.g., 1/64 is recorded
as 064; 1/8 is recorded as 008.

Right justified. Insert the total number of
* individual organisms of the species which were
counted in the sub-sample.

Biomass ~ wet weight Imsert the wet weight of the individuals counted

in pg. Scientific notation should be used and
the number recorded as follows:

Col. 52 integer
Cols., 53-54 decimal places
Cols. 55-56 exponent



Column

57-61

62-66

ITtem
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Code Description

Example 1:

the wet weight is 56.8 ng

convert to pg = 56800 pg 4
express in scientific notation: 5.68 x 10" kg

record as follows:
5 6 8 0 4
52 5% 54 55 56

insert zere in Col. 95 to fill space.

Example 21

the wet weight is 0.09) ug -
express in scientific notation: 9.3 x 10~ ug
record as follows:

g9 3 b - 2
52 53 54 55 56

insert a blank in Col. 54 and a minus sign in
Col. 55 (if minus sign cannot be used insert the

digit 8).
Example 3:

the wet weight is 3.42 ug
record as

3 4 2 0 O
52 53 54 55 56

insert zeros in the exponent columns.

Biomass - dry weight Insert the dry weight of the individuals counted in

Ash weight

pg. Scientific notation should be used and the
number recorded as follows:

Col., 57 integer
Cols. 58-59 decimal places
Cols. 60-61 exponent

See examples in wet weight biomass, above.

Insert ash weight for the individuals counted in pg:

Scientific notation should be used and the pumber
recorded as follows:

Col. 62 integer
Cols. 63-64 decimal places
Cols. 65~-66 exponent

See examples in wet welight biomass, above.

Column

67-71

72
73-175

76-77

78

79~-80

Iten

Carbon content

Unassigned

Filtration
efficiency

Wire angle

Unaseigned

Data Cycle Record
Code

3.6. Zoobenthos

3.6.1.

be completed.

«] 35

Code Description

Insert carbon content for the individuals counted
in pg. Scientific notation should be used and the
ramber recorded as follows:

Col. 67 integer
Cols. 68-69 decimal places
Cols. T70-T71 exponent.

Insert blank .

For use only when flow meters are employed on
sampling nets. Right justified. Insert filtration
efficiency in per cent as the ratio between the
amount of water passing through the net and the
amount of water flowing ocutside the net.

If wire during sampling was vertical, insert 0O0.
If wire was not completely vertical, insert
approximate angle by which it deviated from the
vertical, e.g., the figure 10 would indicate a
10° deviation from the vertical.

Reserved for possible future use for coding purposes,
Insert blank.

Insert the figure 33,

?ype Master Record

The number of Type Master Records to be filled in will depend on the
number of different methods used to obiain and analyse the
zoobenthos samples. 1f only one method is used, only one Type Master Record should

Bowever, if different methods are used to obtain the samples

different mesh sizes or preservatives are used to treat the sample, separate
Type Master Records should be filled in for each different conditien.

This record should be completed as follows:

Column

1-8

G~11
12-1%

14

ITten
Year
Parameter
Method

Code Description

Fill in same information es in Cols. 1-8 on the
BioMaster Record.

Insert last three digites of ihe year.
Insert 05 (code for Zoobenthos).

Tnsert the means of cbtaining the sample according
to the following code:

1 - guantitative grab sampling
2 - diving (scubaﬁr
% - dredge sampling




Column

15

16-23
24-38

39-40

Al-~42

43-46
47-5C

51

52~68

£9-76

77

8-79

3.6.2.

Column

1-15

*)

Jtem

Specification

Unassigned

Detailed coordinates

Sempling time

Sampler

Sempler area

Mesh size

Preservative

Unassigned

Bottom type ¥}

Unassigned

Type Master Record
Code

Data Cycle Record
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Code Deascription

If samples have been obtained using more than one
type of sampler or if more than one size of mesh

or type of preservative has been used on the various

gsamples, assign a number for each variation beginning
with 1. If no different conditions have been used,
insert a blank.

Fill with blanks.

Tnsert detailed coordinates of sampling position,
following the instructions given for the identical

column numbers in the Phytoplankton Primary Producticy

Type Master Record (Sec. 3.2.1).

Tnsert the time of sampling in GMI' to the nearest
hour.

Insert code number for sampler used, as follows:

01 - O.lm2 van Veen grab.

Right justified. Insert in cm2.

Right justified. Insert mesh size of soriing sieve
in pm.

Tnsert according to the following code:

1 - 4% formaldehyde buffered with hexamine

o . A% formaldehyde buffered with borax

3 _ 1,4% formaldehyde buffered with berax.
Reserved for future definition, as needed. Fill
with blanks.

ZTA code system will be developed to describe in
deiail the characteristics of bottom sediments in
the area where the sample was taken;7

Reserved for possible future use for coding purpose:

Insert blank.

Insert the figure 32.

One Data Cycle Record should be filled out for each species found in

each gub-sample counted.

Ttem

The record should be completed as fellows:

Code Description

Fill in same information as in Cols. 1-15 of the
associated Zoobenthos Type Master Record.

If bottom sediments are sampled the Sample Descripticn Form

given on page 38 of this Annex may be used,

Column
1617

18-23%

24

25-3%6

57-38

39-40
41-42

45-47

48-5%

52-56

57-61

10 483184A

Ttem
Unassigned

Observation depth

Species identifi-
cation code

Dpecies

Identifiers

No. of parailel
samples

Sample No.

No. of sub-samples
Sub-sample No.

Portion counted

No. of individuals
counted

Formalin wet weight

Formalin dry weight
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Code Description

Insert blanks.

Right justified. Insert sampling depth in meters t
one decimal place if possible. If not possible,
insert a blank in Cel. 23,

Insert identification mumber for species code used,
as follows:
1 - USEODC Texonomic Code.
2 - Plain language abbreviation of Latin name (6
columns for genus + 6 columns for species).
3 - RUBIR Code List D1 Baltic Invertebrates.

Left Jjustified. Insert code number of species or
plain language abbreviation. Blanks should be
inserted in columns not used. ¥Fill with zeros if
sample is totally devoid of fauna.

Insert code for appropriate identifiers
developmental stage, sex, size, etc.
be developed later.

€ 8.y
Code to

Follow the instructions given for the identical
column numbers in the Phytoplankion Primary
Production Data Cycle Record (Sec. 3.2.2).

Insert the denominator of the fraction into which
the sub-sample has been divided, e.g., 1/8 is
recorded as 008.

Right justified. Insert the total number of

individual orgenisms of the gpecies which were
counted in the sub-sample.

Insert the formalin wet weight of the individuals
counted in mg. Scientific notation sghould be used
and the number recorded as followa:

Col. 52 integer
Cols. 5354 decimal places
Cols. 55~56 exponent

See examples in the explanation of Cols. 52-56 of
the Zooplankton Data Cycle Record (Sec. 5,5.2).

Insert the formalin dry weight of the individuals
counted in mg. Scientific notation should be
used and the number recorded as follows:

Col. 57 integer
Cols. 58-59 decimal places
Cols. 60-61 exponent

See exampleg mentioned asbove.




-138~

Columm Ttem Code Description
E2-66  Ash weight Ingert the ash weight of the individuals counted in
mg. Scientific notation should be used and the
number recorded as follows:
Col. £2 integer
Cols. 63-64 decimal places
Cols. 65~66 exponent
See examples mentioned under formalin wet weight
above.
67-T1 Carbon content Insert the carbon content of the individuals
counted in mg. Scientific notation should be used
and the number recorded as follows:
Col. 67 integer
Cols. 68-69 decimal places
Cols. 70-71 exponent
Te-T7 Unassigned Reserved for definition later, as needed. Fill wiﬂ;§
blanks. :
78 TUnassigned Reserved for possible future use for coding
purposes. Insert blank.
79-80 Data Cycle Recoxd Insert the figure 33.

Code

3,7. Plain Language Record

This record can be used to insert explanatory notes and other information
relevant to a proper interpretation of the data. The record may be used

at any level in the format and as many records may be used as are needed to
report the desired information. In order to identify the record properly and

place it in its appropriate position in the file, the following information should :

be provided on each Plain Language Record:

Column Ttem Code Descripticn
1-8 Insert the information contained in Cols, 1-8 of
the associated BicMaster Record.
9-11  Year Insert the last three digites of the year.

12-13% Parameter Ingert the code number of the parameter to which
the record is relevant. If the record is
associated with the BicMaster level, imsert 0OOC.

14 Method Insert the appropriate figures from the relevant

15 Specification Type Master Records.

“Except where stated otherwise in the above seciions,
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Col

Column ITtem Code Description

16~77 Comments ?il} in with comments in the Erglish language. If
it 1§ necessary to identify the record with a.
particular sample or sub-sample, the numbers of
these sbould be inserted in Cols. 41-42 and 44
respgctlvely. If further identification to a ,
particular species is necessary, the species code
should be inserted in Cols. 25-34,

78 Unassigned Reserved for possible future use for coding
purposes,

79-80  Plein Language Record Insert the figure 99,

Code

GENERAT RFMARKS FOR ALL RECORDS

fead : . henever an element i
migsing this should be indicat 1113 whe ent 1s
with blanks. cated by filling the whole field for that element

iiiuggiu?ns mgst‘be f%l?ed for every observation according to the scheme that
or missing digits before a decimal point should be filled with zeros
]

while celumns for missing digits afte i i
branks.  Po e & T a decimal point should be filled with

a depth to bottom of 85z is recorded ag 00085 blank
e zooplankton wet weight biomass of 3.9 x 102 L& 18 recorded as 39 blank 02

ganyeoi.the ;ode %i§t%ngs fgr methods, samplers and preservatives are incomplete
Eggg stions or.aadltlonal items for these codes should be mailegd to the .
vironment Officer, International Council for the Exploration of the Sea
L

Palzgade 2-4, 1261 Copenhagen K, Denmark (after 1 January 1980).
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Appendix 1

Record Code
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Chlorophyll a (Parameter No, 02)

Data Cycle Record, Code 33
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Phytoplankton {Parameter No. 03)

Data Cycle Hecord
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Zoobenthos (Parameter 05)

Data Cycle Record,

Code 33
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12, Microbiological data reporting format

The
prepared by

data
ICES, as
(HELCOM 9/16,

format
the

microbiological reporting
requested by

Commission Paragraph 6.9).

willl be
Helsinki




No.

No.

No.

No.

No.

No.

No.

No.

No.

5A

5B

BALTIC SEA ENVIRONMENT PROCEEDINGS

JOINT ACTIVITIES OF THE BALTIC SEA STATES WITHIN THE
FRAMEWORK COF THE CONVENTION ON THE PROTECTION OF THE
MARINE ENVIRONMENT OF THE BALTIC SEA AREA 1974-1978
(1979)*

REPORT OF THE INTERIM COMMISSION (IC) TO THE BALTIC
MARINE ENVIRONMENT PROTECTION COMMISSION
{1981)

ACTIVITIES OF THE COMMISSION 1980

- Report on the activities of the Baltic Marine Envi-
ronment Protection Commission during 1980

- HELCOM Recommendations passed during 1980

(1981)

BALTIC MARINE ENVIRONMENT BIBLIOGRAPHY 1970-1979
(1981)

ASSESSMENT OF THE EFFECTS OF POLLUTION ON THE NATURAL
RESOURCES OF THE BALTIC SEA, 1980

PART A-~1: OVERALL CONCLUSIONS

{1981)*

ASSESSMENT OF THE EFFECTS OF POLLUTION ON THE NATURAL
RESQOURCES OF THE BALTIC SEA, 1980

PART A-~1l: OVERALL CONCLUSIONS

PART A-2: SUMMARY OF RESULTS

PART B: SCIENTIFIC MATERIAL

(1981)

WORKSHOP ON THE ANALYSIS OF HYDROCARBONS IN SEAWATER
Institut fir Meereskunde an der Universitdt Kiel,
Department of Marine Chemistry, March 23 - April 3,
1981

(1882)

ACTIVITIES OF THE COMMISSION 1981
- Report of the activities of the Baltic Marine Envi-
ronment Protection Commission during 1981 including
the Third Meeting of the Commission held in Helsinki
16-19 February 1982
HELCOM Recommendations passed during 1981 and 1982
(1982)

ACTIVITIES OF THE COMMISSION 1982

- Report of the activities of the Baltic Marine Envi-
ronment Protection Commission during 1982 including
the Fourth Meeting of the Commission held in
Helsinki 1-3 February 1583
HELCOM Recommendations passed during 1982 and 1983

(1983)
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NO.
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No.

10

11

12

13

14

15

l6

17Aa
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SECOND BIOLOGICAL INTERCALIBRATION WORKSHOP

Marine Pollution Laboratory and Marine Division of the
National Agency of Environmental Protection, Denmark,
August 17-20, 1982, Renne, Denmark

(1983)

TEN YEARS AFTER THE SIGNING OF THE HELSINKI CONVENTION
National Statements by the Contracting Parties on the
Achievements in Implementing the Goals of the
Convention on the Protection of the Marine Environment
of the Baltic Sea Area

(1984)

STUDIES ON SHIP CASUALTIES IN THE BALTIC SEA 1976-1981
Helsinki University of Technology, Ship Hydrodynamics
Laboratory, Otaniemi, Finland

P. Tucvinen, V. Kostilainen and A. HE&mdldinen

(1984)

GUIDELINES FOR THE BALTIC MONITORING PROGRAMME FOR THE
SECOND STAGE
(1984)

ACTIVITIES OF THE COMMISSION 1983

-~ Report of the activities of the Baltic Marine Envi-
ronment Protection Commission during 1983 including
the Fifth Meeting of the Commission held in Helsinki
13-16 March 1984

- HELCOM Recommendations passed during 1983 and 1984

(1984)

SEMINAR ON REVIEW OF PROGRESS MADE IN WATER PROTECTION
MEASURES

17-21 October 1983, Espoo, Finland

(1985)

ACTIVITIES OF THE COMMISSION 1584

- Report on the activities of the Baltic Marine Envi-
ronment Protection Commission during 1%84 including
the Sixth Meeting of the Commission held in Helsinki
12-15 March 1985

- HELCOM Recommendations passed during 1984 and 1985

{1985)

WATER BALANCE OF THE BALTIC SEA
A Regional Cooperation Project of the Baltic Sea

States; International Summary Report
(1986)

FIRST PERIODIC ASSESSMENT OF THE STATE OF THE MARINE
ENVIRONMENT OF THE BALTIC SEA AREA, 1980-1985; GENERAL
CONCLUSIONS

(1986)

FIRST PERIODIC ASSESSMENT OF THE STATE OF THE MARINE
ENVIRONMENT OF THE BALTIC SEA AREA, 1980-1985;
BACKGROUND DOCUMENT

(1987)




No. 18
No. 19
No. 20
No, 21
No. 22
No. 23
No. 24
No. 25
No. 26
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ACTIVITIES QF THE COMMISSION 1985

~ Report on the activities of the Baltic Marine Envi-
ronment Protection Commission during 1985 including
the Seventh Meeting of the Commission held in
Helsinki 11-14 February 1986

- HELCOM Recommendatlons passed during 1986

(1986)*

BALTIC SEA MONITORING SYMPOSIUM
Tallinn, USSR, 10-~15 March 1986
{(1986)

FIRST BALTIC SEA POLLUTION LOAD COMPILATION
(1987)*

SEMINAR ON REGULATIONS CONTAINED IN ANNEX II OF MARPOL
73/78 AND REGULATION 5 OF ANNEX IV OF THE HELSINKI
CONVENTION

National Swedish Administration of Shipping

and Navigation; 17~18 November 1986, Norrkdping,
Sweden

{1987)

SEMINAR ON OIL POLLUTION QUESTIONS
19-20 November 1986, Norrkdping, Sweden
(1987)

ACTIVITIES OF THE COMMISSION 1986

- Report on the activities of the Baltic Marine Envi-
ronment Protection Commission during 1986 including
the Eighth Meeting of the Commission held in
Helsinki 24-27 February 1987

- HELCOM Recommendations passed during 1987

(1987)%*

PROGRESS REPORTS ON CADMIUM, MERCURY, COPPER AND ZINC
({1987)

SEMINAR ON WASTEWATER TREATMENT IN URBAN AREAS
7~9 September 1986, Visby, Sweden
(1987)

ACTIVITIES OF THE COMMISSION 1987

- Report on the activities of the Baltic Marine Envi-
ronment Protection Commission during 1987 including
the Ninth Meeting of the Commission held in Helsinki
15-19 February 1988

- HELCOM Recommendations passed during 1988

(1988)
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