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ICES/IOC \Vorkshop on
INTERCOMPARISON ON IN SITU GRO\VTIl RATE

l\1EASUREl\lENTS (DINOFLAGELLATES)

Aveiro, Portugal, 25 - 29 July 1994.

1. Opening the Workshop.
The workshop was opened by the chainnan Dr. Maria Antonia Sampayo. The

participants were welcomed by the dircctor Dr. Manuel Sobral from the Aveiro
Laboratory ofthe Portuguese Institute for Marine Research (IPIMAR), who hosted
the workshop. Dr. Sobral also gave some infonnation about IPIMAR and the work
that is carried out at its regional center in Avciro. It was pointcd out by the chainnan
that the workshop was organized in co-operation with the Oceanographic Institute
(IEO) from Vigo, Spain, the Avciro University and the Hydrographic Institute (lH)

from Lisbon.

1.1 Approval ofthe agenda and rapporteur.
The agenda was approved by the workshop. Dr. Odd Lindahl was appointed as

rapporteur.

1.2 The purpose ofthe workshop.
The workshop was held according to Council Resolution 1993/2:48 in order to

undertake an intercomparison study of in situ growth ra.tes of dinoflagellates in
support ofthe study ofhannful algal blooms.

Good estimates ofpopulation dynamics parameters, such as growth rates, are
essential to providing the mean's to quantify the detailed structure and processes
which lead to a capability to model algal populations and bloom development. Ria
de Aveiro has a model available, is physically uncomplicated which will facilitate
intercomparison oftechniques, and there is a certainty of finding relevant target. .
specles.

2. The Ria de Aveiro system.
Aveiro is situated 240 km north ofLisbon (N 40Q 38.5', \V 8Q 44'). The Ria de

Aveiro is a shallow lagoon with a wet area of43-47 km2
• The Lagoon has a

comp1ex topography with three main channels radiating from the mouth, several
branches, islands and mudflats (map 1). Organic pollution levels are high mainly
from spring to autumn. Along its main channcls and at some ofthe mudflats there is
an important bivalve molluscs exploitation, inainly Mytilus edulis, Cerastoderma
edule and Venempis pul/astra, which present almost yearly problems ofPSP and
DSP. related with the presence respectiviely of Gymnodinium catenatum and
Dinophysis spp.

Thc Ria dc Aveiro system was presentcd by J. Dias, P. Silva, M.A. Esteves and
M.A. Sampayo. Thc presentation began with the physical oceanography ofthe Ria
and a numerical model on water currents, levels and tidal excursion was
dcmonstrated. It was obvious [rom this presentution und thc following discussion
that the water in the Ria is usuaIly weIl mixed.
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The next presentation dealt with the nutrient status ofthe Ria, including the
inputs from land run-off. Nutrient eoneentrations from 1992 and 1993 were
prcscntcd, c1carly dcmonstrating that thc Ria is eutrophie. This was also obvious by
thc rieh flora of diatoms whieh oficn is prcscnt.

Thc spccics eomposition ofphytoplankton and thc oeeurrcncc oftoxie .
dinoflagellates werc prescntcd with particular emphasis on Dinophysis spp, and
DSP in musseis in the Ria. From thc phytoplankton monitoring programme it was
shown that a rieh variety of diatoms and dinoflagellates are generally found in the
area and this was the ease during the workshop. During this time Dinophysis eell
numbers wcre 10w «1000 eells'l ol

) in thc Ria.
Finally, results from a eruise sampling outside the Ria de Aveiro four days 'prior

to the \Vorkshop were prescnted (T Moita, H. Cavaeo and G. Vilarinho). Two
seetions wcrc sampled on 21 July until Midshclf(Map I). From tcmperaturc and
salinity data it was obvious that the water eolumn was stratified close to the eoast,
witl~ higher salinities and lowcr tcmpcraturcs obscrved inncrshelf (Fig. I). •

Cell numbers ofDinophysis were eomparatively low also at sea reaehing 800
eells'lol at the inner station (Fig. 2). Dinophysis was observed above 14 oe. High.
numbers of diatoms and dinoflagellates earaeterized the phytoplankton eommunity
nearshore.

3. Logistics.
The aveiro laboratory was weIl equipped with the basic analytieal equipment

whieh was needed for thc workshop. Two small research vessels was moorcd at
flXed stations (map 2) for the sampling and the ineubation studies: RIV MESTRE
COSTEIRO (27 m) from Lisbon at the mouth ofthe Ria and RIV JOSE MARIA
NAVAS (14 m) from Vigo, Spain in the eommereial harbour. Two small boats were
used for transfer between the laboratory and the vessels.

4. Presentation of techniques and measurements applied.
The partieipants presented the different methods and measurements which were

applied for the intereomparison exereise. '

4.1 Current meter measurcmcllts (P. Silva and J. Dias).
Instituto Hidrognifieo eolleeted eurrent meter data in two stations at Ria de

Aveiro (near the mouth - station 1 and inside the eommereial Harbour - station 2) at
three different levels in the water eolumn (1 m above the bottom, middle watcr
eolumn depth and at 1 m below the surfaee).

4.2 Enclosed water column mcasurcments (E. Dal1l).
A main advantage of enclosed water column/mesocosm measurements is that

the same waterbody with its organisms can be studied over time. In this experiment
plastie bags mounted on aluminium frames with 1m diameter \vere used
(Brockmann et a1. 1977).

Five experiments were performed (Table I). All the bags were filled and placed
in the eommereial harbour (map 2). Thc dcpth of a11 bags was approximately 2 m.
\Vhen filled by pumping, water from 2 m depth in thc bay was pumped into the
bags using a Pumpex GA 200. On 25 July a natural water eolumn was enclosed in
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Bag I-lI by lowcring thc flattcned plastic bag mountcd on the frame to 2 m depth
and then enclosing the upper 2 m water column by raising the bag to thc surfacc.
Zooplankton was removed by sieving the water through a 140 ~un mesh. On 27 July .
nutrients were added to three bags. Parameters measured during the experiment
were nutrients, chlorophyll and phaeopigments, particulate carbon and nitrogen and
thc phytoplankton composition with emphasis on selected species. Sampling was
carried out with a tube to obtain integrated sampies. \Vhcn nutrients were added, the
bag content was artificially mixed before sampling.

Table l' An overview ofthe cnclosed water column measurements
Bag Startcd Filling Zoopl. Nutr. Numbcr Endcd
numbcr tcchnic rcmov. addcd of

samplings
Bag 1 22th Pump Yes No 4 25th
Bag2 22th Pump Yes 27th 12 29th
Bag 3 24th Pump No No 10 29th
Bag4. 24th Pump Yes 27th 10 29th
Bag 1-11 25th Enclosurc No 27th 9 29th
Reference:

Brockmann, V.H., Eberlein, K., Hentzschel, G., Schöne, II.K., Siebcrs, K., Wandschneider, K. and
Weber, A., 1977. Parallell plastic tank experiments with cultures ofmarine diatoms.-
Helgol.Wiss.Meeresunters. 30:201-216. . .

4.3 Diffusion chamber method (M. Varela).
Primary production by phytoplankton is translated into population growth

through increases in cell numbers by binary fission. General approaches have been
taken to measure or, usually, estimate in situ growth rates ofphytoplankton species
or communities. One ofthese approaches consists in enclosing natural
phytoplankton assemblages in containers that are incubated in situ or in simulated
in situ conditions.

The method used here is based on that described by Fumas (1982) where the
incubation chamber is made ofclear acrylic plastic with polycarbonate filters or
nitex mesh (10 Jlm) as the diffusion membranes.

Sampies were taken at a fixed depth: A subsampie was taken immediately and
preserved with Lugol's solution for microscope counting to estimate the initial
number ofDinophysis cells. Another subsampie was poured into the chamber and
incubated in situ for 48 h, after which the contents of chambers were poured into a
plastic bottle and the content preserved with Lugol's solution. Microscope counting
is made from this bottle to estimate the concentration ofDinoplzysis at 48 h. Daily
grO\vth rates (Fumas 1982) ofDinoplzysis will then be calculated from differences in
concentration between T48 and Ta.
Reference:

Furnas, MJ., 1982. An evaluation oftwo diffusion culture tcchniques for estimating phytoplankton
growth rates in sj(u. - Mar.Biol. 70: 63-72.

4.4 14C method in Sitll (0. Lindahl and L. Davidsson).
One orthe purposes with the workshop was to compare the "old" 14C-method

with newly developed mcthods. Thc 14C-mcthod is known to give relatively good
estimates ofthe gross production ofthe whole phytoplankton community in the
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experimental bottle (Williams, 1993). Thus, in this workshop the community
growth rates were going to be compared with growth rates of single species
measured by both 14C-uptake and by other methods, obviously a difficult task. !
However, according to the local experience the summer phytoplankton flora in the
Ria de Aveiro is often dominated by a few species and a comparison between
community and single species grO\'vth rates could be possible.

The 14C measurements were perfonned in the traditional way by taking water
from different depths with a water-bottle and incubated in a single glass bottle (125
ml) at each depth for 2 to 4 hours (BMB, 1976). 10 JlCi of 14C was added to each
bottle. Immediately after the incubation three parallell subsampIes of 10 ml were
taken out of each bottle into a scintillation bottle and acidified and bubbled with air
for 15 minutes. The carbon uptake ofthe whole phytoplankton community was thus
measured.

14C-measurements in situ are time consuming and may introduce eITors due to
that water from different depth are brought to the deck ofthe ship and then back e
again. Especially cells which are dark adapted may become distributed by this '
handling. To reduce this problem Dandonneau (1993) developed an automated
sampling and incubation device which cIoses while being lowered. This cIosing
principle is suitable for homogcnous and clear waters. However, in coastal stratified
waters with low visibility and a high abundance ofthin subsurface chlorophyll and
production maxima an in situ incubator should contain a water representative for a
certain depth or a thin layer. An in situ incubator which hopefully will meet these
needs has been constructed (Lindahl and Haamer, unpubI.) and is still under
development. This incubator is like a small water-bottle made ofacrylic plastic and
kept horizontal. The c10sing is triggered by a small hydraulic plunger after
approximately 5 minutes. HC is added from a syringe after the incubator has c1osed.
After incubation the in situ incubator and its sampIe is trcated like" an ordinary 14C_
bottle. Some parallel measurements were made with this in situ incubator.
Rcferences:

Ba1tic Marine Bio10gists, 1976. Recommendations on methods for marine bio1ogical studies in the
Baltic Sea. - BMB Publ. no. 1,98 pp.

Dandonneau, Y., 1993. Measurements of in situ profiles ofprimary production using an automated
samp1ing and incubation devicc. -ICES Marine Science Symposia, Val. 197:172-180.

Williams, P.J.leB., 1993. Chemica1 and tracer methods ofmeasuring plankton production. - ICES
Marine Science Symposia, Vol. 197: 20-36.

4.5 Single cell 14C uptake method (M. Varela, B. Reguera and I. Bravo).
The basic method is that ofRivkin and Seliger (1981). The purpose ofthe

experiment is simply to conduct a typical 14C productivity incubation, but in
chambers ofsufficient size that Dinoplzysis is not disturbed. Polycarbonate bottles
ofabout 1 I volume are used. Water sampIes are gently poured into these boUles and
alkalinity measured. Initial ce11 counts are taken and the 14C is added at a rate of I J..l
Ci per ml. These are incubated in situ or simulated in situ.

Immediately after He was added and mixed, an aliqout was taken to measure
activity added to sampIe. After 24h incubation thc sampIes were poured through a
large sieve (130 Jlm) into a beaker. The material collected was then poured through
a second 20 Jlrn sieve, followed by at least 2 liters of filtered seawater. The sieve
content was washed into a sma11 tube, which was placed in a beaker on ice in a
cooler and kept dark.
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1 ml sub-samples were taken froin this suspension and placed on slides in order
to isolate the cells. Cells were washed thoroughly in drops of filtered sea water
before placing them into scintillation vials, keeping track ofthe exact number of
cells isolated. Around 50 cells should be isolated into each vial to give good
statistics. It is also necessary to have control vials, in which you draw 50 sampies of
the background water (Le. no cells) approximately equal in volume to the amount
drawn with each cell that is isolated. This is also placed in a scintillation vial for
counting.

In order to estimate a growth rate, it is necessary to estimate the amount of
carbon in Dinoplzysis cells. Therefore, we need to measure a number ofthem so that
calculations ofcell volume and cell carbon can be made.
Rcfcrcnccs:

Rivkin R.B.and Seliger H.H. 1981: Liquid scintillation counting for 14C uptake ofsingle algal cells
isolated from natural populations. - Lirnnol.Oceanogr., 26: 780-784.

Graneli E., Anderson D.M., Maestrini S.Y. and Paasche E. 1992: Light and dark carbon fIXation by the
marine dinofiagellate genera Dinophysis and Ceratium. - leES Marine Sciencc Symposia, vol. 197: 274.

4.6 Spccics-specific division rates via inorphological differences in cells
undergohig mitosis (I. Bravo, E. Garces and B. Reguera).
Our objective was to estimate in situ division rates of Dinophysis spp by .

applying the model of McDuff and Chisholm (1982). The application of this model
is based in the observation and quantification ofmorphological differences
observed in ceIls undergoing mitosis. The observations to be quantified wen~:

i) Frequency ofdouble nucleated ceIls.
ii) Frequency ofpaired cells.
iii) Frequency ofjust divided cells.
Double nucleated cells will be recorded by epif1uorescen~eof cells stained with

a DNA-specific dye, DAPI (4'6-diamindino-2 phenylindole, Sigma Chemical) at a
final concentration of 1:.2l-lg·ml- l •

Paired cells of Dinophysis spp can be easily observed before the end of
cytokinesis when sampling at the appropriate hours ofthe day. In the case of
Dinoplzysis acuminata division in natural populations seems to be very
synchronized, and is observed during a narrow window oftime, between 5 am and
7am (GMT) , both in Atlantic and Mediterranean waters ofthe Iberian peninsula
(unpubl. data).

Just divided cells ofDinophysis spp show complementary sulcallists, each
daughter cell missing either the left or the right sulcal list. These marked
morphological differences will allow a good application or even a refinement of
McDuff and Chisholm's model.

SampIes are taken every hour or every other hour, except between 2.00 am and
8.00 am (GMT) when the frequency is increased (every halfan hour). Some
parameters and processes that will be under study and need further refinement in the
course ofthe present (this \Vorkshop) and future monitorings of Dinoplzysis cell
cycle are:

i) Detennination ofthe division time (TD) .
ii) Constancy ofTO under varying environmental conditions and different
seasons.
iii) Time lag for the full development ofthe sulcallists in the daughter cells.
iv) Possible existence ofbimodal cycles when hypothetical gamet production
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takes place at different hours ofthe day (MacKenzie, 1992) or different
stages ofthe population growth (Reguera et al, 1990).

Hcfcrcnccs:
McDuff, R.E. and Chisholm, S.W., 1982. Thc calculation of in silU growth rates of phytoplankton

populations ofceIls undergoing mitosis: a clarification. - Linmol.Oceanogr. 27: 783-788.
MacKenzie, L., 1992. Does Dinophysis (Dinophyceae) have a sexuallife? - lPhycol. 28: 399-406.
Reguera, B., Bravo, I. and Fraga, S., 1990. Distribution of Dinophysis acula at thc time ofa DSP

outbreak in the Rias ofVigo and Pontevedra.ICES C.M. 19901L: 14.

4.7 RNA and DNA I\lcasurcmcnts as Indicators ofGrowth Rate (D.I\I.
Anderson and D. Kulis).
RNA and DNA measurements can be used in several different ways to obtain

estimates ofgrO\vth rates in phytoplankton. For example, the ratio ofRNA:DNA is
used extensively in studies of fish, fish larvae, and other larger marine organisms as
an indicator ofphysiological condition. The concept has been explored for marine
bacteria (Deiong et aI., 1989) and phytoplankton (Dortch et aI., 1983). For some of
these organisms, it is clear that the ratio varies systematically with growth rate (e.g.
Dortch et aI., 1983; Delong et aI., 1989). Nevertheless, considerable work remains,
especially with microorganisms, to detennine whether the environmental variables
that limit growth affect the ratio in different ways (Dortch et aI., 1985; Berdalet et
a1., 1992, 1994).

\Vith respect to toxic or hannful dinoflagellates, relatively little is known about
the utility ofthe RNA:DNA ratio as an indicator ofphysiological condition or
growth rate. One ofthe objectives ofthis subproject within the workshop was to
investigate how this ratio might vary in a Dinophysis population.

Another potentially useful measurement would be ofDNA alone, as shown by
Chang and Carpenter in aseries ofpapers (Chang and Carpenter 1988, 1991, 1994;
Carpenter and Chang 1988). DNA-specific stains are used to quaritify the amount of
DNA in individual cells through time which can then be used to estimate growth
rate using the mitotic index approach (McDuffand Chisholm 1982; \Veiler and
Chisholm 1976).

Given the potential utility ofRNA:DNA ratios and DNA measurements by
themselves, an approach was pursued during this workshop to obtain both types of
data. In orderte obtain simultaneous measurements ofRNA and DNA in the same
cell, double-labeling with DNA-specific stains (propidium iodide, DAPI, or
Hoechst) will be used in conjunction with fluorescently-Iabeled ribosomal RNA
probes. The latter are short segments of synthetic DNA designed to bind to the
rRNA oftarget organisms. Since rRNA represents the vast majority oftotal RNA
(Kemp et a1., 1993), this provides a useful estimate ofthe RNA content in a cell and
avoids the problem of attempting to find a RNA-specific general stain that does not
bind to DNA and does not vary stoichometerically due to confonnation ofthe
rRNA (Danzynkiewicz ct a1., 1987). In an ideal case, the rRNA probe could also bc
species-specific, and thus serves two purposes; identifying the target species and
quantifying its rRNA at the same time. \Vith rcspect to Dinoplzysis, no rRNA
probes yet exist, so a "universal" probe (Giovannoni et a1., 1988) that binds to
rRNA of all organisms will be used instead. The bright orange phycoerytherin
fluorescence ofDinoplzysis in combination with size infonnation from 900 or
forward light scatter measurements will be used to distinguish this organism from
the rest ofthe mixed population.

, , ,
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Sincc it is not clear whcthcr simultaneous RNA and DNA mcasurcmcnts will be
possible on most standard flow cytometers, a fall-back position was pursucd to
mcasure DNA content alone and to use the distributions of cells going through
mitosis through time to calculate g~owth rate. :...
Proccdurcs ..

Evety two hours for 36 hours a 20 M plankton net was lowcred to within 2
meters oftbe bottom ofthe water column and raised vertically twice in sucession to
provide a nonquantative, integrated plankton sampIe. The sampie was then screened
through a 130 Jlm nitex sicve and tbe eff1ucnt was rinsed through a 20 M sieve to
concentrate dinoflagellate species. Cells were preserved in 2.5% formaldehyde, and
stored at 4 °C in the dark until analysis.

To quantify the RNNDNA ratio by flow cytometty a subsampIe was removed
and rinsed again through a 35 Jlm sieve to further purify the dinoflagellate cell
component. Thc washed ccll sluft)' was resuspended in a 15 ml centrifuge tube and
was centrifuged at 7500 x g for 5 minutes. The supematant was aspirated and 0.5 ml

. hybridization buffer containing 5X SET (750 mM NaCI, 100 mM tris-HCI, 5 mM
EDTA, pH 7.8), 0.1 mg/I polyadenylic acid, 0.1% Tergitol NP-40, 10% formamide .
was added to the cell pellet. The sampIe was prehybridized at 37°C for 30 minutes.
50 I ofa FITC conjugated universal or negative shipworm bacterium control (Distel
et aI., 1991) rRNA probe (final conc. 5 ng/I) wcre added and the sampie was
incubated for an additional 2 hours at 37°C. The sampIe was then centrifuged as
described above and thc cell pellet waswashed in O.2X SET buffer for 10 minutes
at 37°C. Following the wash the sampIe was again centrifuged, the supernatant
aspirated, and thc hybridized pellet was resuspended in 5X SET containing a DNA
specific stain such as PI, DAPI, or Hoechst. These sampIes will be analyzed on a
flow cytometer or microscope photometer to quantify the rRNA and DNA
fluorescence ofDinophysis sp.
References:

Delong, E. F., G. S. Wickham, and N. R. Pace. 1989. Phylogenetic stains: ribosomal RNA-based
probes for the identification ofsingle cells. Science 243:1360-1363.

Distel, D. L., E. F. Delong, and J. B. Waterbury. 1991. Phylogenetic characterization and in situ
10calization ofthe bacterial symbiont ofshipworms (Teredinidae: bivalvia) by using 16S rRNA sequence
analysis and oligonucleolidc probe hybridization. Appl.Environ. Microbiol. 57:2376-2382.

Giovannoni, S. J., E. F. Delong, G. J. Olsen, and N. R. Pace. 1988. Phylogenetic group-spccific
oligodeoxynuc1eotide probes for identification ofsingle microbial cells. J. Bacteriol. 170:720-726.

Darzynkiewicz, Z., J. Kapuscinski, F. Tranganos, and H. A. Crissman. 1987. Application ofpyronin Y
(G) in cytochemistry ofnuc1eic acids. Cytometry 8:138-145.

Bcrdalet, E., M. Latasa, and M. Estarada. 1992. Variations in biochemical parameters oflleterocapsa
sp. and Olisthodiscus letus grown on a 12:12 h lightdark cyc1e. I. Cell cyc1e and nuc1eic acid composition.
lIydrobiologia. 238:139-147.

Berdalet, E., M. Latasa, and M. Estarada. 1994. Effects ofnitrogen and phosphorus starvation on
nuc1eic acid and protein content of lIeterocapsa sp. J. Plankton Res. 16:303-316.

Dortch, Q., T. L. Roberts, J. J. R . Clayton, and S. I. Ahmed. 1983. RNAIDNA ratios and DNA
concentrations as indicators ofgrowth rate and biomass in planktonic marine organisms. Mar. Ecol. Prog.
Ser., 13:61-71.

Dortch, Q., 1. 1. R. Clayton, S. S. Thoresen, 1. S. Cleveland, S. L. Bresslcr and S. I. Ahmed. 1985.
Nitrogen storage and use ofbiochemical indices to assess nitrogen defiency and growth rate in natural
populations. J. Mar. Res.. 43: 437-446.

Kemp, P. F., S. Lee and 1. LaRoche. 1993. Evaluating bacterial activity [rom cell- specific
ribosomal RNA content measured with oligonucleotidc probes./n XXX [Ed.] lIandbook ofMethods in
Aquatic Microbial Ecology. Lcwis Publishers, XXX, pp. 415-422.

Carpcntcr E. 1., and J. Chang. 1988. Spccies~specific phytoplankton growth rates via dicl DNA
synthcsis cycles. 1. Concept ofthe method. Mar. Ecol. Prog. Sero 43:105-111.
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Chang J., and E. J. Carpenter. 1988. Species-specific phytoplankton growth rates via die! DNA
synthesis cycles. II. DNA quantification and model verification in the dinofiagellate Iletreocapsa triquetra.

Mar. Ecol. Prog. Sero 44:287-296.
Chang J., and E. J. Carpenter. 1991. Species-specific phytoplankton growth rates via die! DNA

synthesis cycles. V. Application to natural populations in Long Island Sound. Mar. Ecol. Prog. Sero 78:115­

122.
Chang J., and E. J. Carpentcr. 1994. Activc growth ofthc dinofiagellatc Ceratium teres in thc Caribean

and Sargasso Seas cstimated by cell cycle analysis. J. Phycol. 30:375-381. '
McDufT, R. E., and S. W. Chisholm. 1982. The calculation ofin situ growth rate ofphytoplankton

populations from fractions ofcells undergoing mitosis: a clarification. Limnol. OCCGnogr. 27:783-788.
Weiler, C. S., and S. W. Chisholm. 1976. Phased cell division in natural populations ofmarine

dinoflagellates from shipboard cultures. J. Exp. Mar. Bio. Ecol. 25:239-247.

4.8 DNAlPCNA cell cycle method (E. Carpenter and S. Lin).
\Ve measured growth rates ofphytoplankton using a cell cycle technique.

Basically, we obtained the growth rate by sampling thc phytoplankton at 2 hr
intervals over a 24 h period, then dctennining the percentage of cells which are
dividing. From this infonnation and a detennination ofthe length (duration) ofthe
division phase ( or some other "tenninal event"), growth rate was calculatcd. A

. tenninal event is defined as being a marker occurring at the end of cell division
cyde. It can be a microscopic observation ofthe number ofpaired cells, a measure
of cells with 2x DNA or the presence ofa chemical which might only be present at
one stage ofthe cell cycle or some other type of observation. \Ve used t\\'o mcthods
for detennining the percent which will divide, DNA and PCNA.

For the DNA technique, we collected phytoplankton and preservcd them in
methanol. Thc methanol serves to remove photosynthetic pigments which might
fluoresce and also preserves the cells. Next we add the DNA- specific fluorochrome
DAPI. DAPI fluorescence is proportional to DNA content, and we measure DNA in
single ceIIs using a TV-computer-based microscope system. After the DNA content
ofabout 300 cells ofa selected species is saved on the computer, we can plot a
histogram ofthe DNA profile ofthe population. By examining profiles at 2 hr
intervals through the day we can see how the population progresses through the ceII
division cycle. Equations are then used to deconvolute the histograms and extract
each ofthe ceII cycle phases: G, S, G2+M. The G, S, G2+M phases are used as the
"tenninal event" and we calculate growth rate by comparing those which are
dividing (with a "tenninal event") with those timt are not.

Since the above method is time consuming and involves a lot of expensive
equipment, we have developed an antibody method to substitute as the "tenninal
event". The presence ofthe cell cycle protein PCNA (proliferating ceII nuclear
antigen), a cyclin compund is used as the event. All ~hat is required is to add
fluorescent labeled antibodies to PCNA to a sampie and then to visually examine
the sampie using a standard epifluorescence microscope. This way, the investigator
can visually examine the species composition ofthe whole phytoplankton
population and obtain grov..1h rates for all species. Sampie collection and fonnulas
for detennining grO\vth rates are identical to that used for the DNA method.

4.9 l\Ionoclonal antibodies, species specific diel DNA measurements and
bioassay (L. Peperzak).

1. Collection of Dinophysis spp, to be used for the production of monoclonal
antibodies (Vrieling et aI, 1994).
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2.48 hours of sampling for flowcytometric species and DNA measurcments.
Sampies will be labelIed with a spccies specific label and a DNA dye. The species
label will trigger the f.c.m. that will then measure the amount ofDNA present.
Growth rates can then be calculated with the Carpenter-cell cyc1e mcthod (Chang
and Carpenter, 1988). (Species labels: Proroccntnmz l1licans, Alc.xandrium
tamarcnsc, Pscudonitzsclzia pll1zgcnsf l1lultiscrics).

3. SampIes for bioassay experiment were incubated in bottles tllat were moored
in situ. The following additions were made: 1.) none, 2.) growth factors, 3.) pH
lowering, 4.) chelator, 5.) PEP-Si growth medium with extra vitamins, 6.) All (6
bottles in duplicate). Effects were measured as in vivo chlorophyll fluorescense and
cell (P. micans, Dinoplzysis spp) concentration.
References:

Chang, J. and Carpenter, EJ., 1988. Species-Specifie phytoplankton growth rates via diel DNA
synthesis cycles. 11. DNA quantification and model verification in the dinoflagellate lIeterocapsa triquetra. ­
Mar.Ecol.Prog.Ser.44:287-296.

Vrieling, E.G., Peperzak, L., Gieskcs, W.W.C. and Veenhuis, 1'.1.,1994. Monoclonal antisera: an
immunochemical tool for the specifie detection ofthe ichtyotoxie dinoflagellate Gyrodinium aureolum and
morphologically rclated Gymnodimium species. - Mar.Ecol.Prog.Ser. 103: 165-174.

5. Preliminary results and some comments.
5.1 Current meter data.

Station 1 (near mouth of Ria de Aveiro):
1. The values ofthe currents observed were highly related to ocean tidal wave, as
expected.
2. The velocity ofthe currcnt near the mouth was approximately constant in he
verticaI, although the values were bigger near the surface. The maximum values
occurred in ebb situations. The ebb mean time was longer than the flood mean time,
5h 40 and 6h 30 respectively.
3. The maximum velocities were observed at intennediate tide (±2 h after the high
and low tide), which showed the tidal wave in the Ria, at least near this Iocation,
was a mixture between a progressive and stationary wave.

Station 2 (Commercial Harbour):
1. In flood situations the velocity currents had a significant value while in the ebb
situations the velocity was almost zero. This showed that thc harbour could be
considered as a reservoir tllat filled fast end emptied sIowly during the tidal cyc1e.
2. The currents were not constant in the vertical; they were more intense near the
surface and decreased with depth.

5.2 Enclosed water column measurements.
The results from counting Dinoplzysis spp. on filters in microscope with

epifluorescence attachment are shown in tables 2-6. From each sampling two or
three subsampies of 50 ml were concentrated by filtration and counted.. This method
should theoretically detect concentrations ofDinoplzysis spp. down to 10 cells/l.
Only D. acuminata was present in numbers high enough to get reliable data oftheir
concentration. In all bags this species increased in numbers during the first 24 h.

From data in Tables 2-6 during the first 24 h ofthe experimental period, the
following growth rates für D. acuminata was ca1culated
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Bag no. Div.lday
1 0.09
2 0.11
3. 0.23
4 0.40

I-lI 0.5-1.1

aeeording to the fonnula (Eppley and Striekland, 1968):

k = 3.32 . (log nt - log nto) • (HO)-1

where k
to and t

= growth rate as divisions per day (24 h)
= point oftime for two different measurements

of cell concentration, unit days
= the corresponding concentration ofcells
= 10gi0

After about 24 h, hov.:ever, the concentration ofD. aC1l11linata decreased in all
bags. Even ifthe concentration ofthe other species ofDinophysis were too low to
get reliable data on growth one may, from Table 2-6, get the general impression timt
the heterotrophie species, D. rotundata, showed somewhat better survival in the
bags than during the experiment. The addition ofnutrients, II a.m. on 27 July, to
bag 2,4 and 1-11 did not stimulate growth ofDinophysis spp. during the next 48 h,
while phytoplankton biomass measured as chlorophyll increased significantly
during the same period.

Aceompanying species in all the bags were dominated by diatoms, mainly
Leptocylilldrus dalliclls, 77zalassiollema nitzsclzioides and Pseudollitzschia sp. Their
content of chlorophyll per cell became less and less untill 27 July when nutrients
were added to the bags. After the addition ofthe nutrients the chloroplasts recovered
and the diatom population very soon showed a mueh more healthy condition. This,
together with the immediate increase of chlorophyll biomass after addition of

. nutrients indicate nutrient limitation during the first days ofthe experiment.
As hannful dinoflagellates occurred in rather low numbers during the

experiment, more abundant dinoflagellates as Cerati1l11l!llSllS, Helgolandini1l11l
subglosum and Prorocenlnwz micalls were also counted. Such data together with
data on Dillophysis counted by other teclmics and data on nutrients and particulate
carbon and nitrogen will be presented in a bter report.

By the end ofthe experiment the sediment in eaeh bag was qualitatively
checked for algae, and the preliminary results revealed a rather strong sedimentation
in the bags during the experiment, especially of diatoms.
Reference:

Eppley, R.W. and Strickland, J.D.H., 1968. Kinctics ormarine phytoplankton growth. In: Droop, M.
and Fcrguson Wood, EJ. (cds.) Advanccs ofMicrobiology ofthc Sca 1:23-62.

5.3 Diffusion chamber methode
Cell counts ofthe inverted bottle sampie used for in situ incubations for the

single cell' 14C uptake, and to fill thc diffusion chambers showed a very low
concentration ofDinophysis spp (l 00-300 cells/I), but much more abundant
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populations ofProrocelllnwl micalls and Helgolalldillium sp. Therefore, attention
will be focused in these two species besides the attention on Dilloplzysis spp.

The low concentration of Dbzoplzysis spp will not affect the method based on
mitotic indices, because this is based on frequencies (not on concentrations) and
because the net. haul (20 ~m) sampling will assure the supply of enough cells.

Preliminary counts ofthe dinoflagellate populations at time zero (to) and after
48h ofincubations (t48) incubated at 0 and 5 m depth, showed that all phytoplankton
populations had a drastic decrease in numbers. The content ofthe diffusion chamber
had a very high proportion of detritus that prevented any growth and caused damage
to the surviving cells that did not look very healthy. This was due to the high
content ofdetritus in Ria de Aveiro combined with thc usc of20 ~un mcsh sizc in
the extremes ofthe chamber.

5.4 14C method in situ.
Three measurements on 26 July and one on 27 July were carried out at the

station situated in the mouth channcl ofthe Ria. Thc very strong tidal currents
involved that only the sampies incubated close to the surfacc (0.5 m) werc accurate.

Dav Time Chlorophyll a Prim. prod. 0.5 m Chl.fPp.
~g'l-I mgc-I-1·h·1

26 08.15 am 11.6 128 10.8
11.10 am 9.6 55 5.5
14.30 pm 15.1 131 8.5

27 08.15 am no data 107 no data

80th the chlorophyll a concentration and the primary production were high,
i.e. in a range typical for an eutrophied area. However, the chlorophyll to primary
production ratios (assimilation number) were comparatively low, indicating that the
phytoplankton community at this station was not growing at a high rate. At present
there is no other explanation than patchiness to the large variation in chlorophyll
and pr<?ductivity between the different measurements.
. . In order to avoid the strong currents an incubation was carried at the raft with
thebags in the aftemoon on the 27th. One bottle was incubated at each 0.5 m down
to 4 m depth (figure 2). Light inhibition at the surface involved that a maximum
productivity of340 ~gC-I·I·h-1 was found at 0.5 m depth. This was a very high
value. Still at 2 m depth the productivity was around 200 ~gC·l·l·h-1 and at 4 m (just
above bottom) a productivity of22 ~gC·}-l·h-1 was measured. (As a comparison it
could be mentioned that a high spring bloom value may reach 75 ~gC·I·I·h·1 and
high summer values are around 25 ~gC·I·I·h-1 in Scandinavian coastal waters). \Vhen
integrated over depth the productivity was 699 mgC·m-2·h·1and the daily production
was estimated by thc light factor method (BMB, 1976) to 7700 mgc-m-2'd- l , which
indicated that the primary production was very high on this oceasion.
Unfortunately, no chlorophyll sampIes were taken during this day. The Secchi­
depth was 1.5 m at all primary productivity measurements.
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5.5 l\1onochlonal antibodics, specics specific diel DNA mcasurcmcnts and
bioassay.

ßecause Dinophysis spp abundance was low, thcrc was no opportunity to
collcct enough cclls for monochlonal antibody production. Thcrcfore, Dinophysis
specific growth rates can probably not be measured with thc NICMM
flowcytomcter in thc near future. .

nIe 48 h sampling programmc was reduced to 36 h. Two vcrtical net hauls
were taken with a 20 ~tm plankton net at two stations. Sampie processing wiII begin
in 1995. Division rate measurements wiII be focussed on Prorocentn1l1111licans.

ßioassay sampies were incubated for 49 hat 1 m depth. In vivo fluorcsence
measurements suggested that GF, Chel and pH were not significantly different,from
NONE (p~0.05) and that PEP-Si and ALL were not significantly different from
NONE (p>0.05). However, they were all different from NONE, GF, Chel and pH as
a group (p<0.05). PEP-Si and ALL \vere not significantly different from each other. ..

The preliminary cell counts showed as a general trend that Helgolalldi1l11l •
subglosu11l and Leptocylilldrus dallicus increased during the incubation, while
Ceratiumfusus declined. The effect ofthe different treatments seems negligible or
even negative. A complete report, incIuding references, will become available latcr
this year at the National Institute for Coastal and Marine Management (Holland).

6. Action list.
The participants ofthe workshop agreed on the following action list:

6.1 To prepare results so tImt a comparison and evaluation ofmethods and
techniques used during the workshop can be made. This work should be done i

within a year and finally be presented as an ICES Co-operative Research Report.
6.2 To prepare aposter regarding the workshop for the7th International Conference
on Toxic Marine Phytoplankton in Sendai, Japan, 1995. Dr M.A. Sampayo and Dr
O. Lindahl agreed to co-ordinate this work.

7. Recommendations.

7.1 The \Vorkshop strongly recommends that a final report ofthe obtained resuits
and a comparison and evaluation ofthe different methods which were used, are
made. It is suggested that this report shall be in the ICES Co-operative Research
Report series.
7.2 In order to effectively fulfil recommendation 7.1 the Workshop suggests that
the participants ofthe workshop reconvene for two full days, just before the meeting
ofthe \VG On ItThe dynamics of aIgaI blooms lt in Helsinki, Finland in May 1995.
7.3 Thc Workshop finally recommends that more workshops on phytoplankton
growth rates are carried out, where intercalibration of existing methods are tested
and evaluated against new ones.
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Tables 2-6

Table 2. Occurrence 01 Dinophysis spp. (cells/l) and chlorophyll ll'g'l) in bag 1

Date Time Hours D. acuminala D. acuta D. caudata D. rotundata D. Iripos Chloroph. Phaeopig.
22 July 1800 0 1070 JO . 0 20 20 6.39 2.57
23 JUly 1200 .18 1120 60 . 0 20 60 7.10 2.67
24 July 1000 40 1060 160 0 60 30 5.56 1.91
25 July 1300 63 800 30 10 30 0 3.98 1.34

Table 3. Occurrence 01 Dinophysis spp. (cellsll) and chlorophyll ll'g!l) in bag 2

Date Time Hours D. acuminata D. acuta D. caudata D. rotundata D. Iripos Chloroph. Phaeopig.
22 July 1800 0 1020 40 0 30 20 6.70 2.32
23 July 1200 18 1080 50 20 30 0 7.26 2.60
24 July 1000 40 1060 100 10 50 0 5.34 1.74

25 July 1300 63 760 40 10 40 0 2.25 0.68
26 July 700 81 640 70 10 130 10 3.80 1.97
26 July 1300 87 400 40 0 70 0

26 July 1900 93 280 10 0 50 0
26 JUly 2400 98 210 0 0 40 0
27 July 700 105 300 10 0 60 10 2.64 1.16
27 July 1400 112 280 10 0 90 0 2.62 0.69
28 July 1200 134 200 20 0 30 0 14.51 3.38
29 July 1400 160 90 10 0 90 0 14.16 3.06

Table 4. Occurrence 01 Dinophysis spp. (cellsll) and chlorophyll (l1g:l) in bag 3

Date Time Hours D. acuminata D acuta D caudata D rotundata D. tripos Chloroph. Phaeopig.
24 July 1000 0 700 40 0 100 10 5.73 2.22
25 July 1300 27 840 20 0 60 0 7.31 2.08
26 July 700 45 610 60 0 160 20 4.58 1.93
26 July 1300 51 650 30 0 80 20
26 July 1900 57 570 40 0 110 0
26 July 2400 62 430 40 0 150 0
27 July 700 69 520 100 0 140 0 4.09 3.48?
27 July 1400 76 540 40 0 150 20 5.64 1.58
28 July 1200 98 180 0 0 110 10 4.80 2.24

29 July 1400 124 40 0 0 150 0 2.60 0.83

Table 5. Occurrence 01 Dinophysis spp. (cellsl1) and chlorophyll (I'g/l) in bag 4

Date Time Hours D. acuminata D. acuta D. caudata D. rotundata D. tripos Chloroph. Phaeopig.
24 July 1000 0 820 80 0 50 0 7.16 2.26

W 25 Jury 1300 27 1120 20 0 70 30 11.03 2.90

26 July 700 45 670 120 0 50 10 5.68 2.54
26 July 1300 51 860 30 20 50 10
26 July 1900 57 400 0 0 50 10
26 July 2400 62 320 40 0 70 0
27 July 700 69 370 50 0 20 30 6.65 2.46

27 July 1400 76 180 10 0 110 0 6.08 0.34
28 July 1200 98 240 30 0 40 0 18.21 4.07

29 July 1400 124 130 30 0 70 0 18.60 3.36

labia 6. Occurrence 01 Dinophysis spp. (cellsl1) and chlorophyll (I'g/I) in bag 1·11

Date Time Hours D. acuminata O. acuta O. caudata O. rotundata D. tripos Chloroph. Phaeopig.
25 July 1800 0 670 160 0 30 10
26 July 700 13 690 90 0 20 40 15.32 3.64
26 July 1300 18 1180 90 10 10 0
26 July 1900 24 950 20 0 30 0
26 July 2400 29
27 July 700 36 640 100 0 70 30 12.49 3.80

27 July 1400 43 870 80 0 0 0 5.29? 3.37
28 July 1200 65 870 70 0 40 0 22.33 6.00
29 July 1400 91 270 50 0 30 10 19.80 3.36
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