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1. WELCOME AND OPENING OF THE MEETING

The ICESIIOC Working Group on Harmful Aigal Bloom Dynamics (WGHABD) was convened
at the Finnish Institute of Marine Research (Helsinki) following two days of meeting of the
ICESIIOC Workshop on Intercomparison of in situ growth rate measurements on
dinoflagellates. The meeting was chaired by Beatriz Reguera (Spain) .Twenty five scientists
from thirteen countries took part and are Iisted in Annex I. Five more scientists from three
countries were not able to attend the meeting and contributed by correspondence. The draft
agenda of the meeting was discussed briefly and adopted by the participants with minor
changes. This approved agenda is attached in Annex 11. Allan Cembella (Canada) was
appointed as rapporteur. Major considerations in defining the agenda were to maximize
interactions with the Working Group on Shelf Seas Oceanography (WGSSO). In plenary
session of the WGHABD, individual participants introduced themselves and their institute
and gave a concise description of their major field of research.

2. TERMS OF REFERENCE

At the 82nd ICES Annual Science Meeting (known before as Statutory Meeting) in St John's
(Newfoundland, Canada), the Council resolved (C.Res. 1994/2:49) that:

The ICES-IOC Working Group on Harmful Aigal Bloom Dynamics (Chairman: Ms B.
Reguera, Spain) will meet in Helsinki 17-19 May 1995 to:

a) review the results of the Workshop on Intercomparison of in situ GroWth Rate
Measurements;

b) review ongoing activities in the pilot study areas, and other ICES areas, on physical­
biological interactions investigations;

c) develop plans for a future practical Workshop on Modelling using real data obtained in
monitoring and projects related with HAB Dynamics;

d) assemble and compile, intersessionally, descriptive information about ongoing
monitoring programmes on phytoplankton and phycotoxin monitoring, with a view to its
presentation in the Intergovernrriental Panel on HABs;

e) define the time and space scales of the physical and biological processes relevant to
studies of physical-biological interactions in HAB dynamies;

f) review present knowledge of the abilities of certain harmful algal species to adapt to and
modify the microscale physical environment by means for example of vertical migration,
mucilage secretion, colony formation, etc.

A Sub-Group consisting of members of the Working Group on Harmful Aigal Bloom
Dynamics and participants in the 1994 Workshop on "Intercomparison of in situ Growth Rate
Measurements" will meet under the chairmanship of Ms M.A. Sampayo (Portugal) in Helsinki
from 15-16 May 1995 to finalize the workshop report with a view to its publication by ICES
(C.Res. 1994/2:49:1).

The Working Group will report to the Hydrography Committee, and the Biological
Oceanography Committee, and ACME.
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3. REVIEW THE RESULTS OF THE ICES/IOC WORKSHOP ON INTERCOMPARISON
OF /N S/TUGROWTH RATE MEASUREMENTS OF DINOFLAGELLATES

The opening session was followed by a summary review by D. Anderson of the teehniques
for the determination of phytoplankton growth rates whieh were eonsidered or employed in
the workshop on in situ growth rates held in Aveiro, Portugal in 1994. M.A. de Sampayo,
Chairman of the Workshop, presented the reeommendations. The report on the review of
the results is appended in Annex IV. The overall objeetive of this exeercise has been to
develop and eompare teehniques used for growth rate estimation as applied to toxie speeies
in mixed natural assemblages. The teehnieal problems implicit in establishing
speeies-speeifie growth rates under these conditions were outlined. Several teehniques, e.g.
the mitotie index method, are only applieable to a few key species of a eertain morphology,
whereas in other eases, where moleeular probes were tried, inadequate speeificity was often
indieated. Current methods have not yet been validated for use on a broad suite of HAB
species, therefore the workshop diseussion foeussed primarily on the development of
alternative tools rather than the intereomparison of methods.

The group agreed that to have publishable results it was neeessary to have a seeond
worshop in 1996. The foeus of the follow-up workshop would be on the teehnieal
development aspeets and would follow an intersessional period with eontinuous effort •
dedieated to the subjeet, to ensure that the teehnieal problems faeed in the Aveiro Worshop
would be resolved. Speeifieally, this would inelude the identifieation and eulture of key target
speeies from the proposed study area, so that eultures might be exehanged among
partieipant researehers for inter-laboratory eomparisons and methods development prior to
the workshop.

The seeond workshop was proposed for the Kristineberg Marine Biologieal Station in
September 1996 under the ehairmanship of Odd Lindahl (Sweden). This institution has
optimum facilities for this kind of exercise, and in the region the natural phytoplankton
assemblages are typieally dominated by dinoflagellates during September.

4. ONGOING ACTIVITIES IN THE PILOT STUDY AREAS, AND OTHER ICES AREAS
ON PHYSICAL-BIOLOGICAL INTERACTIONS RELEVANT TO HABs

4.1 Physical/Biological coupling during Alexandrium blooms in the Gulf of Maine
(D.M. Anderson)

This presentation highlighted the Iinkage between populations of the toxie dinoflagellate
Alexandrium tamarense in the northwestern Gutf of Maine and the behaviour of a buoyant
eoastal eurrent originating in river outflow. Extensive fjeld surveys were eondueted in
1993and 1994 eovering 80 stations in aseries of parallel transeets extending 50 km from
shore, spanning an alongshore distanee of more than 500 km. Biologieal, ehemieal and
hydrographie measurements made on approximately bi-weekly eruises during the
Alexandrium bloom season were supplemented with high-resolution moored measurements
within the eoastal eurrent. The two fjeld studies doeumented physieal and biologieal features
for one year with extensive PSP toxieity and one year with little or no toxieity. Differenees
between years refleet event-seale differenees in wind and runoff, with upwelling and
downwelling winds playing a major role. A "source region" for the initial bloom population
was identified at the northern end of the study area near Casco Bay. Localized or in situ
growth of eells in that region late in the bloom season apparently provides the eysts that
serve as an inoeulum for the next year's blooms. A eoupled physieallbiologieal model is
being used to investigate the aggregation and dispersion of cells within the plume. This also
permits examination of the sensitivity of the distribution of eells and freshwater to the timing
of foreing events.
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4.2 Environnii:mtal factors regulatirig the occurrence of Dinophysis spp in a Swedish
fjord system (O. Lindahl and B. Andersson)

During 1994-95 high levels of DSP toxicity (>100 J..Ig/100g shellfish tissue) were recorded for
musseis on the outer Swedish coast. The net outflow of the Baltic current through the
archipeligo produces a low salinity regime, with nutrients relatively enriched within this fjordal
system. There is a general counter clockwise circulation of surface water througli the fjord
system. Typically this results in a high microalgal biomass domiriated by diatoms,
corresponding to low DSP toxin levels. The occurrence of Dinophysis spp. was studied in
relation to hydrodynamics, nutrients and phytoplankton species composition in an
open-ended fjord system inside the Island of Orust on the Swedish coast. This fjord system
is of special interest in the context of Dinophysis and its toxicity. The blue mussei (Mytilus
edulis) is rarely found to be toxic inside the fjord system during periods when high toxicities
are recorded in musseis in the outer archipelago. Special attention was directed towards tlie
fjordal mouth areas where strong gradients of toxicity in the musseis is a common feature,
arid where there is a gradient in surface salinity of 3 to 5 ppt.

In the present study, despite moderate to high concentrations of D. nONegica, D. acuta, and
D. .acuminata just outside the mouth areas and an obvious exchange by tidal f1uctuations (±
0.15 m), very few cells were found in the fjord water in which diatoms dominated. The
maximal cell concentrations of D. norvegica was only ca. 140 cells/L outside the fjord, .
whereas D. acuta concentrations were up to an order of magnitude higher. The highest
numbers of D. acuminata cells were sometimes found within the fjord. By using diffusion
chambers, the hypothesis that Dinophysis spp collected outside the fjord could grow in the
fjord water was tested. The result was negative because half ofthe Dinophysis cells died
within three days, and the caged population became dominated by diatoms, whereas the
control was unaffected. The conclusion was that the fjord water was an unfavourable habitat
for Dinophysis due to higher DSi:DIN and DSi:DIP ratios in the fjord water relative to outside
the fjord, thereby favouring diatoms at the expense of dinoflagellates.

4.3 Vertical Profiling the Firie Scale Structure of Algal Exudates (Po Donaghey)

A combination transmissometer-absorbance detection system for determining the fine-scale
structure of algal exudates was described. When used for vertical profiling in coastal marine
systems this apparatus was capable of yielding adynamie range spanning six orders of
magnitude. During field trials in Washington State, thin layers (sub-metre) comprising a
Pseudo-nitzschia bloom were resolved. Time-dependent changes in both particulate and
dissolved phase material were investigated along the vertical axis. The distribution of
particulate material, where dramatic changes were often observed, may be correlated with
tlie profile of dissolved matter, however the converse is not necessarily true. The spectral
characteristics of these thin-Iayer structures, which were associated with high primary
production, were c1early distinctive from the surrounding waters.

The importance of understanding the mechanisms underlying the thin-Iayer concentration
phenomenon was underscored in this presentation. It is apparently possible to have
relatively s~.2ble thin-Iayers due to low rates of vertical mixing, Le. the structures are not
necessarily homogeneaus within a "stratified" layer. The origin of the producing cell
population is not always readily apparent, nor is it obvious if this is an in situ process or if it is
due to a combination of shear and advection.

4.4 A French Project on Gymnodinium cf nagasakiense (P. Gentien)
. .

The French National Programme on HASs comprises a group of projects which aim to
develop an understanding of the ecology of HAB species. The use of a Lagrangian station
to determirie organic aggregation after sedimentation of particles (mostly >200 J..Im) for
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several hours was described. Dinophysis blooms which enter with the tide may be profiting
from such organic aggregates, thus occuppying a niche within the pycnocline.

A summary of the achievements of a research programme on Gymnodinium cf
nagasakiense were presented:

1) Taxonomie problems are currently being resolved by using molecular probes (antibodies).
In cell cycle studies, Partensky and Vaulot (1989) found that production of "small cells"
does not seem to be sexual in character. The division of these small cells (up to 1 div/d)
takes place at the beginning of the dark period, in contrast with the division of the large cells
that occurs later in the light/dark cycle at a maximum rate of 0.3 div day-1 .

2) Large differences are found between strains isolated 50 miles apart along the coast of °

Brittany. Maximum cell concnetrations of G. cf. nagasakiense are found within the
pycnocline where irradiance is 5-8% of incident surface levels. There is no evidence of
vertical migration although C14 assimilation rates indicate the occurrence of rapid growth.
Incubation with N15 showed that although N03- uptake is important at the beginning of
population growth, over 90% of N-uptake is due to regenerated N (as NH4+) when cell
concentrations were approximately 2 X 106 cells/L. In conclusion, the large standing stocks
of G. cf. nagasakiense can be attained even when levels of inorganic N are very low, and
there is no need to invoke N diffusion or vertical migration (Le Corre and L'Helguen, 1993).

3) Complex interactions of this species with other phytoplankton include a link between the
spring bloom of diatoms and G. cf nagasakiense blooms. Substantial in situ quantities of
polymines, specifically putresceine (at ca. 0.1 ~M concentration) have been found, and
secretion of allelopathic substances may be an important control factor. Two toxic groups of
compounds have been identified from G. cf nagasakiense - glyco-acyl-glycerol and fatty
acids (FA). The effects of these substances are measurable even in early bloom conditions,
Le. at cell concentrations of 104 cells/1.

4) Copepods apparently do not graze readily upon G. cf nagasakiense but the effect upon
field populations is largely unknown. Grazing studies with Ca/anus, using

O

an appendage
beating recording technique (Gentien and Poulet, in prep) showed that females died after
ingesting a few cells (and also became entangled in mucus), whereas males showed a
different beating pattern. Entanglement of the appendages due to mucilage production by
this dinoflagellate species may affect copepod susceptibility to predation. In exerting its
icthytotoxic effect, such mucilage may alter the functional properties of gills by lowering the
collision rate of particles due to changes in viscosity. Future research topics include:
i)interactions with small scale processes; ii) mode of action of the toxic principle; iii)
expansion of the present model to other ichthyotoxic species; and iv) studies of rheological
modifications of the medium.

4.5 Environmental Control of Toxin production and accumulation (B.Reguera)

Abrief presentation iIIustrated a conceptual model of studies of the interactions bewteen
bivalve shellfish and toxin producing species. Ongoing research is targeted to determing the
growth and toxin kinetics of toxic species of interest, including the key parameters of growth
as a function of nutrients, such as Vmax, Ks and lJmax, based upon work with cultures under
controlled conditions, as weil as obtaining estimates of in situ growth rates.

4.6 Blue-green algae population dynamics in the Baltic Sea (K. Kononen)

The main source of data for this project comes from the unattended monitoring system run
by the Finnish Institute of Marine Research and additional cruises in the Saltic Sea. Two
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species constitute the main problem, and cause mortality of domestic animals: Nodularia
spumigemIJ and Aphanizomenon f1os-aquae. The increase in production of these
cyanobacteria is linked to nutrient injections and their capacity for inorganic N fixation.
Nitrogen fixation activity, and DIN:DIP changes near the thermocline (aproximately 22 m
depth) seem to be significant, as weil as oxygen depleted bottom layers connected to P-rich,
N- depleted waters. Nutrient distributions in ttie transects showed a subsurface maximum of
P beginning at approximately 40 in and presisting to the bottom due to a thermohaline
intrusion.

" ,

5. REVIEW PRESENT KNOWLEDGE OF THE ABILITIES OF CERTAIN HARMFUL
ALGAE TO ADAPT TO AND MODIFY THE MICROSCALE PHYSICAL
ENVIRONMENT BYMEANS VERTICAL MIGRATION, MUCILAGE SECRETION,
COLONY FORMATION, ETC.

This session was led by P.Gentien, based on documents received from T.Wyatt,
I.R.Jenkinson and E. Graneli, arid further comments from the participants in the working
group.

Understanding the population dynamics of a single species resides in the ability to formulate
phenomenological models which account for the major processes influemcing the
development of a given population. Considerable attention has been given to
eutrophication, grazing control and advection, as important features of HAB dynamies. We
consider here subtle, but potentially very important processes which involve adaptation to, or
modification of the microscale environment by HAB species. The initial focus is on vertical
migration, mucilage production and colony formation. Although any attempts to generalize
among all HAB species are doomed to faH, certain mechanisms are potentially important
among certain groups. These strategies are highlighted below.

5.1 Vertical Migration

Diurnal vertical migration has been c1assically viewed as obligate behavior of many
dinoflagellates that allows them to maintain high photosynthetic rates in nutrient depleted
surface waters by migrating to depth at night to obtain nutrients. Although such behavior has
been documented in the field for some species (for example, Chatonella, Dinophysis cf
acuminata , Gymnodinium catenatum, have been found to migrate actively on a diurnal
basis) , there is growing evidence that this behavior is not universal. Jt has been
demonstrated that dinoflagellate vertical migration varies with light, temperature and nitrogen
availability. Diurnal vertical migration by Dinophysis norvegica (Carpenter et al, 1995) or by
Gyrodinium aureolum (or Gymnodinium cf. nagasakiense) has not been observed in the field
or in large enclosures (Dahl and Brockmann, 1985; ). The typical bloom pattern of this
species seems to be an aetive selection of favorable depths for population development
during the early stages of the blooms which orten end up at the surface as the blooms
culminate. The same pattern is observed with several Dinophysis spp. We caution that the
eoneept of favorable environments is not limited to easily measured physiologieal
parameters such as light and nutrient responses. Instead, there is growing evidence that all
faetors that affeet population development or sueeessful eompletion of Iife cycles must be
considered.Norshould we extrapolate to a whole range of different species on the basis of
the nuisances they may induce.

5.2 Colony Formation

Many phytoplankton species appear in the sea as colonies, which may be species-specific
eharaeters, but mayaiso be triggered by environmental conditions. The ability to aehieve
sizes (arger than those of individual cells is advantageous purely from physical point of view
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by allowing the species to increase biomass while grazing pressure decreases. A further
step to colony formation is collision of colonies and individual cells to form aggregates, a
process which may be accelerated by excretion of organic substances. Aggregates are
possible sites for several microbiological processes modifying the proximate environment of
the algal cells on microcales. For example, aggregates of the cyanobacterium Nodularia
spumigena are colonized by a rich community consisting of bacteria, microzooplankton,
algae etc., apparently supporting an intensive recycling of nutrients inside the aggregates.
The importance of these processes for bloom dynamics is poorly known and methods for
studying these processes are not weil developed.

Aigal blooms with large-scale mucilage production have been a recurrent phenomenon
during the last 200 years in the Adriatic Sea. Although the phenomenon is not new, the
extent of the blooms may have increased during recent decades. The tourist industry,
mainly on the Italian coast, has suffered substantial economic losses since 1988.

In the mucilage patches, mainly diatom species are found, but dinoflagellates and a large
amount of bacteria are also present. Mucilage production has been blamed on phosphorus
deficiency in the area. However, recent results (unpublished) show that nitrogen deficiency
induces algae to produce more polysaccharides per cell. On the other hand, nitrogen
deficiency is the situation where the lowest amount of phytoplankton biomass is produced.
However, the polyssacharide production at the levels of so-called P limitation in the area is
10 times higher than under nitrogen limitation. Thus the conclusion is that there are enough
inorganic nutrients available in the area to produce large algal biomasses and in
consequence production of polysaccharides is high.

5.3 Mucilage Secretion

In the sea and in cultures, many species of algae produce extracellular polymers which have
the propensity to increase viscosity and decrease shear stress at the spatial scales of
individual organisms. Recent methods to determine the concentrations of inon-particulatei
organic matter in seawater give typical values for the upper ocean which Iie in the range 5 to
10 g.m-3, of which a large proportion is of molecular weight 10 kilodaltons and up. These
are concentrations reported in bulk seawater sampIes. Components of this material from
the bulk phase, from the sea surface microlayer, from aggregates or isnowi, and from
"transparent exopolymer material" (Alldredge et al,1994) have been characterized in various
ways, by direct in situ observations, and with the techniques of physical chemistry,
histochemistry, rheometry, SEM, and so on. It generally seems to consist of large and
complex mixtures of surface-active macromolecules, acidic polyuronides,
mucopolysaccharides, some proteins-but it has not been weil characterized yet for specific
communities in the pelagic environment. The literature is rife with speculations concerning
its biological functions (Decho,1990) which are probably very diverse, and in many cases it
must affect a variety of processes simultaneously.

In those cases where exopolymers are mostly of algal origin, such as during blooms of
species like Gyrodinium aureolum, the reported bulk values of their concentrations are
minimal estimates since these blooms are restricted to thin layers. Since it is known that the
bulk concentrations are already sufficient to cause marked rheological changes in seawater
properties, these effects must be even more notable in microlayers with high algal biomass.
Jenkinson and Wyatt (1992) analyzed the impact of exo-polymers on various aspects of
phytoplankton ecology, including intra- and interspecific relations and the decay of
turbulence. In addition, the enhanced cell concentrations in these layers might be expected
to promote changes in viscosity directly even in the absence of exopolymers (Wyatt et al,
1993). Once established, the layers can interact further with the physical processes which
formed them and cause changes in light penetration, temperature, and mixing rates. As
these layers diverge from one another in space, the communities in them will evolve in
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different directions. Under these circumstances it is clear that better information on the
population dynamics will be achieved by tracking individual layers rather than bulk
properties. As cells are effectively stuck together inthese layers, they can resist dispersal,
and the minimum patch sizes predicted by KISS (Kiestead and Siobodkin, Skellam) models
are reduced from scales of kilometers to metres.

At present, we have very Iittle knowledge of how exopolymeric materials behave at ambient
shear rates. which are veiy low, between 0.0003 and 250 s-1. But it is already c1ear that a
NeWtonian model of viscosity and of turbulence damping is inappropriate for the spatial
scales relevant to phytoplankton ecology. Excess non-newtonian viscosity can be detected
in more than 50% of non-bloom sampies from coastal waters and elasticity too in some of
them. Newtonian materials do not possess elasticity, which means ttiey cannot store energy.
The critical parameter at given shear rates is the volume fraction of cells, aggregates, and
other extracellular particulate and colloidal materials. This is not only because of the effect
of these suspended materials on viscosity, but also because in combination with the shear
regime, the rates of processes like the f1occulation of cells to form aggregates are affected
(Kiorbe, et al, 1994).

Exopolymers and microlayers allow plankton to escape from, or perhaps manipulate, some
of the dictates of physics and chemistry (Jenkinson and Wyatt, 1995). They can both couple
and uncouple processes which in accordance with purely physicochemical laws would take
different courses. Examples are provided by the simultaneous occurrence of nitrogen
fixation and oxygenic photosynthesis in Trichodesmium bundles-equivalent to division of
labour in metazoans-, the coupling of carbon dioxide and nitrogen fixation in microbial
consortia, and in a recently reported discovery, the alternating nitrate reduction and sulfide
oxidation in Thioplaca mats in shelf depths off Chile (Fossing, et al., 1995). Microlayers also
provide pastures for myxotrophs and phagotrophs, like e.g.. Dinobryon in freshwater, and
Dinophysis in the sea. They can also reduce the problems associated with intraspecific
chemical communication, and chemical and other defense mechanisms, for example,
against grazing.

A major question of interest in the present context is, what effects do exopolymers and their
rheological properties have on the population dynamics of harmful algae? Perhaps a useful
general starting point is to consider how exopolymers can alter the spatial-temporal
covariance of say nutrients, which constrains groWth rates when it is low. Regulation of the
rate of turbulent dissipation c~m effect such an alteration. The effect of scarcity of resources
on growth rates is one aspect of the question, and local depletion of resources points to the
need to increase bulk f10w which can be achieved by reducing dissipation rates. The loss
terms in the population budget, principally grazing. are a second aspect, and exopolymers
mayaiso be effective in lowering the rates of these losses.

For the last .15 years or so, instruments have existed with which the mechanical properties of
seawater (viscosity and elasticity) can be measured at shear rates as low as 0.002 5.1• In situ
root mean square (rms) shear rates range from less than 10-5 in deep-water density
discontinuities to about 1 in surface water during winds of Force 4. Because of intermittency
in turbulence, at any one time more than 98% of the water experiences shear rates less than
the rms value.

Measurements of high-shear-rate drag reduction (induced by elastic effects) in water from a
dinoflagellate bloom, and of elasticity and increased and variable viscosity, both correlated
to phytoplankton biomass in water from both bloom and non-bloom conditions (Jenkinson,
1993) appear to have confirmed older suggestions (Ostwald, 1902; Hutchinson, 1967;
Margalef, 1978) that phytoplankton modifies local viscosity fields. Marked heterogeneity in
viscosity and elasticity (Jenkinson, 1993), even within the same sampies, indicates a general
tendency to flocculation, confirming Morel and Gschwend's (1987) conclusions drawn from
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the dynamics of chemical reactions in natural waters, which suggested that adsorption was
occurring on previously unsuspected surfaces and f1ocs, in addition to the well-know marine
organic aggregates.

It now recognised that thickening of the sea occurs not only in exceptional events, such as
Adriatic mare sporco or Phaeocystis foam build-up and net sliming. It is also a more general
phenomenon, acting over various length scales, and it plays an important role in various
types of exchange, including those of heat and gases at the sea surface, also influenced by
the viscoelasticity of the surface film.

Progress in the rheology of the bulk phase of seawater has undoubtedly been retarded by
the lack of rheological expertise among oceanographers and a corresponding lack of
oceanographic knowledge among rheologists which might have allowed them to appreciate
the implications for oceanic processes. Interdisciplinary, rheological/oceanographic expertise
should be fostered as a priority, particularly among physical oceanographers, geochemists,
biogeochemists and plankton ecologists.

Summary

Current modelling of the dynamics of algal populations is concerned mainly with those
processes which regulate growth (nutrients,light, ...), and losses due to grazing and
dispersal. But there are other processes,some of them probably under algal control,which
may modulate or even dominate these terms.These additional aspects of algal population
dynamics have not so far received sufficient attention.

Each harmful species has evolved its own unique survival strategy.Generalizations covering
a variety of distinct species are not in order.

The extrapolation of in vitro experiments to the biological-physical coupling processes of
algae in their natural habitat on the relevent temporal and spatial scales cannot yet be
realized.
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6. DESCRIPTIVE INFORMATION A80UT ONGOING MONITORING PROGRAMMES ON
PHYTOPLANKTON AND PHYCOTOXIN MONITORING WITHIN ICES COUNTRIES
ACCORDING TO THE QUESTIONNAIRE PREPARED 8Y IOC

The subgroup feit that much progress has been made on this subject due to the IOC-ICES
questionnaire exercise which is currently underway. This questionnaire, recently distributed
worldwide by IOC arid ICES, was devised in response to previous WG recommendations to
collate information from ongoing monitoring prgrammes for phycotoxins and harmful algal
species. The major aims of the questionnaire are to collate information from countries with
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ongoing monitoring in order to advise developing countries currently without such
programmes on suitable designs upon which to base new ones, according to the specific
needs of their region in terms of the nature of their HAB problems, and to provide a forum for
the exchange of information between ICES countries. These tasks may, among other things,
be carried out through workshops or symposia, and several members of the WG have
agreed to act as advisors for such events. Countries which have not replied will be contacted
and reminded of the importance of replying, even if only to report nil returns.

The format to be used for data storage and analysis has not yet been decided, but in order
to make the results accessible and useful, it is envisaged that data should be deposited in a
computer database which can be consulted by both IOC and ICES. The questionnaires are
processed on receipt, and initial results distributed when available. It was confirmed that the
raw data in the form of copies of the questionnaire will be available ror consultation in these
places. It was also suggested that the information could be made available over the Internet,
as the IOC Science and Communication Centres on Harmful Algae plan to use the Internet
as a means of disseminating data. An initial overview of the questionnaire results is planned
for June 1995. The WG agreed that two types 0 f reports should be prepared - one for
administrators (APHAB 111, June, 1995) and another for the scientific community, and this
should be taken into account when deciding on how the data should be analysed.

Results from the questionnaire provisionally identified as being of particular interest both to
countries with ongoing programmes and those in the planning stage are the costs of
monitoring in relation to the value of the resource being protected (cost-benefit analysis) and
how success of monitoring may be assessed. Of special interest to developing countries will
be the initial costs involved in setting up a laboratory for monitoring purposes in addition to
the ongoing running costs. It was noted that any recommendations made to developing
countries regarding methodology should consider new and proven techniques rather than
less appropriate ones adopted in the past, but now which may be now improved based on
recent developments. At the next ICES-IOC WG, the results from the questionnaire exercise
should be presented and discussed and plans formulated for application of results, e.g.
compilation of an inventory of current techniques, guidelines for developing countries,
intercalibration of methods, etc.

7. DISCUSS THE POSSIBILITY OF PLANNING A FUTURE PRACTICAL WORKSHOP
ON MODELLING USING REAL DATA OBTAINED IN MONITORING AND PROJECTS
RELATED WITH HAB DYNAMICS

Plans to develop a practical workshop, using real data, on modelling HABs were discussed,
in which the main aim would be to couple biological and hydrodynamic mechanisms
regulating the population dynamics of harmful or toxic species, but not the total
phytoplankton biomass. Current coupled models are already addressing the latter problem.
In the context of species-specific models, it was feIt that small scale phenomena are Iikely to
emerge as significant regulating mechanisms, and the appropriate scales of simulation are
the meso- and micro-scales.

The suggestion that real data be used in such an exercise was thought to be impracticable,
given the Iimited time available at these kinds of meeting. It was also pointed out that useful
models could not be constructed during the course of a short meeting, so that considerable
preparation in advance would be necessary for a successful workshop. There was general
agreement that such a workshop should deal with the bloom dynamics of selected target
species, and not e.g., with toxin dynamies. It was also stressed that models of particular
species should not loose sight of the general dynamic features of other algal populations,
and that there should be some focus on driving mechanisms other than nutrient fluxes and
so on (see above).
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Several participants supported the idea of inviting modelling experts to give presentations in
the next meeting of the WGHABD. These presentations might for example address the
distinctions between biomass and species-specific model requirements, and sensitivity
analyses of the different components of model vector.

8. DEFINE THE TIME AND SPACE SCALES OFTHE PHYSICAL AND BIOLOGICAL
PROCESSES RELEVANT TO STUDIES OF PHYSICAL·BIOLOGICAL
INTERACTIONS IN HAB DYNAMICS

On the afternoori of 18 May, members of the WGHABD and the WG on Shelf Seas
Oceanography met in a joint session to discuss issues of fine scale processes and identify
specific topics wherein lack of information or understariding is a major impediment to
progress. After initial considerations on time ~md space scales, major features (plumes,
fronts) and limitations of existing instrumentation, the discussion focused on water column
structure, vertical velocity and distribution of phytoplankton cells. The degree of shear,
turbulence, wind mixing, dispersion and resuspension all strongly influence water column
structure and the distribution of phytoplankton cells.

Recent observations by Donaghey, Gentien, Dahl, Lindahl, Edler and others on the thin
layers of phytoplankton biomass suggests that both biological and physical factors interact to
produce fine scale structure. Species differences playa role. Diatoms rely on turbulence or
a density gradient to remain in the photic zone while flagellates have the ability to form very
sharp boundaries. At the same time, the flagellates, or some of their specific growth stages
may be highly sensitive to turbidity and shear. Blooms may settle out of the water column
overnight after a storm system passes through the area. In other cases toxin production or
cell leakage inay differ after physical disturbanees. The roles of cell division and growth in
layer formation or maintenance are not weil understood. Considerations were also given to
sampling protocol. How is the sampling method affecting or "creating" the observations of
layered structure?

The ideas were numerous, the discussions were vigorous, but the pivotal question,
ultimately, was whether. there was a sufficient level of interest created to promote joint
research. While physicists find it very difficult to measure vertical velocity, small gradients or
disturbanees, recent developments in instrumentation are able to detect small scale changes
in phytoplankton distribution. Perhaps the physicists can use the "effect" to help deterrmine
the "cause" while the biologists catchup on 25 years of research on fine scale processes,
much of which has not propagated through their literature or been widely appreciated until
recently. Much cf the early succes of our joint research will be in phrasing questions that can
be answered now, helping to cross educate our research patterns and building on advances
in each of the fields.

. .
9. NATIONAL REPORTS

The compiled national reports are appended in Annex 111. Country members presented a
summary of their respective national reports. In a following discussion they all agreed that
the information provided in the reports could be very much improved, but so far, it constitute
the only available information on toxic outbreaks in the ICES domain, that is quite often
consulted by managers and administrators.

To obtain a better information on these events, it was suggested the possibility of dedicating
a good session next year to discuss plans for synthesizing the information from the last ten
years and even do a general "mapping" that would provide a graphie time series of tIie
events.
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Following are some of the summaries given in this session:

CANADA

Shellfish harvesting areas were c10sed in various regions as a result of unaeeeptable levels
of paralytic shellfish toxins, domoic acid or diarrhetic shellfish toxins. Areas elosed due to
PST were similar to previous years. Areas affeeted included Notre Dame Bay in
Newfoundland, Bay of Fundy. St. Lawrenee Estuary and the eoast of British Columbia.
Although domoie acid was detected for the first time in Newfounland, closures due to domoie
acid were relatively minor in Canada with only one Bay in the Gulf of St.Lawrence c10sed to
harvesting. OST were responsible for six eases of poisoning in Bonavista Bay,
Newfoundland. These represent the first recorded incidents of DSP in Newfoundland.

DENMARK

Exceptionally high phytoplankton biomasses were registered in the summer period. This
biomass was dominated by Rhizoso/enia (ragilissima and Prorocentrum minimum.
Exceptionally high eoneentrations of Dinophysis acuminata were registered, and DSP toxins
were registered in musseis in three regions in the summer period. Neither PSP nor ASP or
fish kills were registered.

NORWAY

The recurrent blooms of Alexandrium spp., Dinophysis spp., Gyrodinium cf. aureolum and
prymnesium cf. parvum were below average, eausing minor problems. A mixed bloom of
Chrysochromulina spp. along the Skagerrak loeally reached 5,000,000-10,000,000 cells/l.
No effects on farmed fish or wild biota were recorded, but the bloom was slightly toxie to
Artemia salina in a bioassay.

PORTUGAL

As in 1993, all the Portuguese coast was affected by a PSP outbreak that started in the
south and progressively spread to the North. DSP oceurred in 1994 but only in isolated
zones with the most affected area being the Aveiro Lagoon.

SPAIN

Several areas within the Galician Rias Bajas were subjeet to the usual oeeurrenee of
Dinophysis cf acuminata in several pulses ,between spring and autumn, that eaused
c10sures of mussei and other bivalve harvesting, and a moderate PSP outbreak in the
autumn (Oetober to Deeember) eaused by Gymnodinium catenatum.

Alexandrium taylorii, a non toxie dinoflagellate previously unknown in the area, formed green
patches in some Costa Brava (Northern Catalonia) beaehes, affecting tourism negatively. A
previously unknown Gyrodinium sp bloomed in the Ebro Delta region during winter 1994
eausing mortality of fish eultivated in ponds and of natural populations of musseis.

SWEDEN

Along the Swedish west coast, (Le. The Kattegat and Skagerrak coasts) there were no real
large and harmful blooms in 1994. Moderate blooms of Chrysochromulina spp.,
Prorocentrum micans, P. minimum and Ceratium (urea were observed. No adverse effeets
from these blooms were reported.
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DSP was registered along the west coast from August and through December. Values of
okadaic acid ranged from 0 to 400 ug/100 9 mussei meat. In the Baltic Sea, there were
significant blooms of cyanobacteria (Nodularia spumigena and Aphanizomenon "baltica"
during July and August. Sampies from Gdansk Bay in the southeast Baltic Sea were toxie.
No adverse effects are known from this bloom.

In May there was a large bloom (1.4 million cells.I-1
) of the non-toxic dinoflagellate

Peridinella catenata in the southeast Baltic Sea. In August, high abundance (ca. 100,000
cells.I-1

) of Dinophysis nONegica and D. acuminata were found in the central Baltie Sea.
These populations were found at 14-17 m depth, whereas the abundance closer to the
surface was very smalI.

UNITED STATES

1994 was a "normal" year for the U.S. with respect to HAB incidents, with several unusual
events. With respect to PSP, harvesting quarantines were issued in areas where this form
of shellfish toxicity has often occurred in the past (e.g. Maine, MassachuseUs, California,
Oregon,Washington, and Alaska). One unusual item of note is that 14 iIInesses and 2
human mortalities occurred in Alaska from PSP. That state has no monitoring program for
recreational or subsistence harvesters; and the warning that shellfish are always dangerous
to eat is often ignored. The state is presently re-evaluating its policies to provide beUer
protection for non-commercial harvesting.

The brown tide of Aureococcus anophagefferens bloomed again in several bays of Long
Island, with negative aesthetie impacts rather than mortalities of shellfish, larvae, and
submerged vegetation as has occurred in the past. A spectacular and unusual brown tide of
a related but different ehrysophyte species eontinued to bloom in Texas - the fifth year of this
persistant bloom. No toxins are produced, but the dense bloom is altering food web
structure and damaging submerged aquatie vegetation.

Domoie acid was detected in the states of California and Washington, but at low levels that
did not require management action. Fish-killing red tides of Gymnodinium breve occurred in
Florida, again an annual phenomenon, as weil as to a minor extent in the Pacific northwest
(Heterosigma carterae). A mass mortality of demersal fishes and crustaceans occurred over
a three month period along the coast of eastern Texas and Louisiana. Low oxygen was
perhaps involved, but the exact cause of mortality is still not known. Dominant
phytoplankton species were Gymnodinium sanguineum and H. carterae. The investigation
of these mortalities was complicated by concurrent mortalities of sea turtles, dolphins, and
seabirds.

10. ELECTION OF A NEW CHAIRMAN OF THE WGHABD

After proposals of different candidates and voting by the members of the group,
Patrick Gentien (France) was proposed as new the Chairman of the Working Group on
Harmful Algal Bloom Dynamics to be appointed in the next Annual Science Meeting
(Aalborg, Denmark, September 1995).

11. RECOMMENDATIONS, PROPOSALS OF TERMS OF REFERENCE FOR NEXT
YEAR'S MEETING AND OTHER BUSINESS.

The partieipants agreed that the WGHABD should keep its foeus on bloom dynamies, and
leave aside toxicological models. There is a plan for a NATO ASI meeting on ecophysiology
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of harmful algae to be held in late May 1996 (Chair: D.M. Anderson, USA), and the proposed
chairman for the next Worshop on in situ growth rate measurements (0. Lindahl, Sweden)
would Iike a planning session during the WGHABD as early in the spring as possible.

For these reasons, the group suggested to meet from 17 to 20 April 1996, with the option to
change to May due to time constraints on the WG on Shelf Seas Oceanography.

Nevertheless, as recalled by the ongoing chairman of the WGSSO (H. Dahlin, Sweden), the
original plan, when the WGHABD was established, was to form a interdisciplinary group with
hydrographers, modellers, and plankton experts within its members. In practise, the
interdisciplinar communication has been Iimited to the joint sessions of the WGSSO with the
WGHABD (mainly composed by phytoplankton experts).

The Working Group on Harmful Algal Bloom Dynamics recommends that:

1. Key experts on organismal behaviour related to physical/biological interactions be invited
to give presentations and to assist the Working Group members on the analysis of discrete
HAB data sets.

2. A theme session on "Small-scale physical biological interactions relevant to HAB
dynamics" should be proposed to be held during the ICES Annual Science Conference in
1997, to encourage the presentation of interdisciplinary papers on this subject;

3. A Workshop on "Development of in situ growth rate measurements for dinoflagellates"
should be held in Kristineberg (Sweden) from 9 to 15 September 1996 under the
chairmanship of Odd Lindahl (Sweden), to bring to completion the activities initiated during
the previous workshop (see page 20 from annex IV);

4. The ICES/IOC Working Group on Harmful Algal Bloom Dynamics (Chairman: Patrick
Gentien, France) will meet in Brest (France) from 17 to 20 April 1996 to:

•

a) Complete and discuss the logistic planning of the ICESIIOC Worshop on development of
in situ growth rate measurements (Chairman: Odd Lindahl, Sweden) to be held in •
Kristineberg (Sweden) from 9 to 15 September 1996, and examine the results of
intersessional progress;

b) Continue the development of an understanding of the dynamics of harmful algal blooms,
including presentations of recent experimental results;

c) Collate and discuss national reports on HABs and initiate a synthesis of the national
reports of the last ten years, and map outbreaks and compiJe time series of HABs in the
ICES area;

d) Review the updating of the ICES Cooperative Research Report n° 181 on the "Effects of
HABs on mariculture and marine fisheries" carried out in the intersessional period;

e) Discuss items related to the monitoring of HABs based on the compilation of answers to
the IOC-ICES Questionnaire, and considerations by the IOC-FAO Intergovernmental Panel
(IPHAB), in order to give advice on further activities, including planning of an international
workshop on HAB monitoring and mitigation strategies;
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f) Review and discuss recent work on the effect of harmful algae on zooplankton, including
discussion of methods to be applied in these studies.

12. CLOSING OF THE MEETING

On Friday 19 May at 1730, the outgoing chairman, Beatriz Reguera (Spain) thanked the
participants for their support and collaboration during the last three years, and encouraged
them to continue with the same attitude.
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ANNEX 11: APPROVED AGENDA

1. Welcome and opening of the meeting.

2. Appointment of rapporteur.

3. Approval of the agenda

4. Review the results of the ICES/IOC Workshop on intercomparison of in situ growth rate
measurements of dinoflagellates.

5. Ongoing activities in the pilot study areas, and other ICES areas on physical-biological
interactions related to HABs.

6. Review present knowledge of the abilities of eertain harmful algae to adapt to and modify
the mieroseale physieal environment by means of vertieal migration, mueilage seeretion,
colony formation, ete.

7. Deseriptive information about ongoing monitoring programmes on phytoplankton and
phyeotoxin monitoring within ICES eountries aeeording to the questionnaire prepared by
IOC.

8. Define the time and spaee seales of the physieal and biologieal proeesses relevant to
studies of physieal-biologieal interaetions in HAB dynamies.

9. Diseuss the possibility of planning a future praetieal workshop on modelling using real
data obtained in monitoring and projeets related with HAB dynamies.

10. Presentation of National Reports on HAB episodes during 1994.

11. Eleetion of a new Chairman of the WGHABD.

12. Proposals of terms of referenee for next year's meeting and other business.

13. Closing of the meeting.
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a-\m1FUL ALGAL BLOOMS IN 1994 w CANADA

1. Location:' Various site~ in Bonavista Bay, Newfoundland.

2. Date of occurrence: Late Getober. 1993.

3. Effects: At least six cases ofdiarrhctic shcllfish puisoning in two seperate incidents
involving consumption of blue musseIs) collected from ,vild sites.

4. Management decision: Entire Bay closed for all shelltish harvcsting and reopcm:d in
August 1994.

5. Causativc spc::cies: Dinophysis l1orve~ica implicated. Other pot.entially toxie species of.
dinoflagellate Prorocemrum sp. were also present in small nurnbers.

6. Environment: Water temperature at this time oftht:: yt:ar is usually around 6° C and the
water column is weH mixed and isothennal.

7. Advected population or in situ gro~1h: Unknov.n. Dinoph.vsis sp') PrOrOCelllrum, and
other species of dinoflagellatcs are usually common in the fall months in this area.
Theretore. in SilZi growth i~ implied.

~. Previous occurrences: This is the tirst recorded incidcnce ofDSP in Nc\\rfoundland, and
second only on lhe AtIamic coast 01' Canada.

9. Additiunal comments: The analysis ofthe toxin showed concentration levels oftrilce to
4.0 llg/g digestive gland of DTX-l. Presence oftrace quantity of Okadaic Acid was
confirmed.

10. Individual to contact:

Madhu A. Paranjape
Dcpartment ofFisherit::s mld Oceans
NAFC. Science Branch
P. O. Bux 5667
St. Jobn's, NF, Canada, Ale 5XI

Phone: (709) 772-6184
Fax: (709) 772-2156
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1. Conrad Powell
Departmcnt of fishcries and Oceans
NAFC. Inspecrion Services Branch
P. O. Dox 5667
81. John's, NF. Canada. Ale SXl

Phone: (709) 772-4433
Fa.x: (709) 772-2282



HARl\IIFUL ALGAL BLOOMS IN 1994 - CANADA

1. Loeation: Various sites in N~wfOlUldland coastal waters

2. Date ofoccurrcnce: Various times in 1994.

3. Effects: NA

4. Management decision: No closure tor shellfish harvesting, as levels of Domoie Acid
were low.

5. Causative species: Unknown

6. Environment: NA

7. Advectcd populatiun or in situ growth: Unknown.

9. Additional cornments: The analysis afthe toxin showed concentration levels ohmec to
6.3 Ilg/ g shellfish meat. This is the first recordcd illcidcnce of ASP in Newfoundland
waters.

10. Individual to contact:

Madhu A. Paranjape
Department of Fisheries and Oceans
NAFC, Science Brauch
P. O. Box 5667
St. JOIU1'S, NF. Canada, Ale 5Xl

Phune: (709) 772-6184
Fax: (709) 772-2156
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J. Conrad Powell
Department ofFishcrics and Ol:~ans

NAFC,lnspection Services Branch
P. O. Box 5667
St. lohn's. NF, Canada, Ale 5Xl

Phone: (709) 772-4433
Fax: (709) 772-2282
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Preliminary results from thc 1994 Harmful Algae Monitoring Programm (Quebec Region).
Location and date where ma.ximum concentration of potentially harmful algae were measured.

Speeies Station Date AbWldance

(cells 1'1)

Alexandrium spp.* Ste Flavie August 10 107.000

Sept-Iles July 22 49~000

Dinophysis spp. Penouillc June 08 17~000

Gyrodinium aureolum Mont-Louis Sept. 09 82.000

Prymnesium parvum Penouille July 21 4,700

11< Include A. famarense. A. e.tcavafum and A. [undyense and.4. osten/eid;;

H 0A-M1l!L ~vCt.s~~
'I. H .....

H" n1" -Sd ~

QuQ.Io~..:..
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Harmful AIgai Events in 1994 - Canada
Domoic Acid

1. Location: Bay of Fundy

2. Date of Occurrence: No shellfish harvesting areas were elosed due to
unaeeeptable levels of dornoie aeid in the Bay of Fundy during 1994.

3. Effects: None.

4. Management Decision: None required.

5. Causative Species: Pseudonitzschia pseudodedicatissima. Cells were observed throught
the year with highest eoneentrations observed during June and August. Highest
eoneentrations observed during 1994 were 248,064 eells/liter on June 21st at a
sampling Ioeation in Lirne Kiln Bay.

6. Environment: Ternperature range: 8 - 12° C
Salinity 32 ppt
Water CoIumn mixed

7. Advected Population or insitu Growth: Insitu.

8. Previous occurrences: Shellfish areas were closed to harvesting during 1988, but have
not been closed sinee.

9. Individual to contact: Jennifer Martin
Department of Fisheries & Oeeans
Biological Station
St. Andrews, New Brunswiek
Canada EOG 2XO
(506) 529-8854
(506) 529-5862(Fax)
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Harmful Algal Events in 1994 - Canada

1. Location: Bay of Fundy

2. Date of Occurrence: No shellfish harvesting areas have been closed due to
unacceptable levels of DSP toxins in the Bay of Fundy to date.

3. Effects: None.

4. Management Decision: None required.

5. Causative Species: Dinophysis acuminata. Highest concentrations observed during
1994 were 640 cellslliter on July 26th at a sampling location near the islands called
"the Wolves".

6. Environment: Temperature range: 12° C
Salinity
Water Column

32 ppt
mixed

7. Advected Population or insitu Growth: Advected

8. Previous occurrences: Shellfish areas have never been closed in the Bay of Fundy for
DSP toxins to date.

9. Individual to contact: Jennifer Martin
Department of Fisheries & Oceans
Biological Station
St. Andrews, New Brunswick
Canada EOG 2XO
(506) 529-8854
(506) 529-5862(Fax)
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Harmful Algal Events in 1994 - Canada
Domoic Acid

1. Location:Gulf of St. Lawrence - New London Bay

2. Date of Occurrence: October 28, 1994.

3. Effects: Domoie acid levels of 31.5 ug/g were measured from blue musseis.

4. Management Decision: Harvesting was not permitted.

e 5. Causative Species: Pseudonitzschia pungens. Highest concentrations observes were
314,000 cells/liter.

6. Environment:

7. Advected Population or insitu Growth:

8. Previous occurrences: Domoie acid was fIrst detected in 1987 in the Gulf of St.
Lawrence.

9. Individual to contact: Jennifer Boyd
Department of Fisheries & Oceans
Gulf Fisheries Center
Moncton, New Brunswiek
Canada EIC 9B6
(506) 851-7831
(506) 851-2086(Fax)
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Harmful Algal Events in 1994 - Canada
PSP

1. Location: Bay of Fundy

2. Date of Occurrence: The majority of shellfish harvesting areas were c10sed to
harvesting either for some time during or for the duration
between late May and mid-August.

3. Effects: Levels of PSP toxins in tissues exceeded the safe harvesting level of 80
ug/lOOg resulting in c10sures of shellfish areas. Extractions were conducted at
the Department of Fisheries & Oceans Inspeetion Laboratory at Blaek's
Harbour, New Brunswick.
Highest levels measured were:
Mya arenaria - 3400 ug/l00g - July 5, 1994 - Crow Harbour.
Mytilus edulis- 4600 ug/lOOg - July 12, 1994-Beaver Harbour

4. Management Decision: Shellfish harvesting areas were c10sed to harvesting during the
time when levels of PSP toxins were greater than 80 ug/lOOg. The Bay of
Fundy is also c10sed to the harvesting of blue musseis throughout the year.

5. Causative Species: A/exandriumfundyense. Although cells were observed throughout
the region, highest eoneentrations observed during 1994 were 53,856 eells/liter
on lune 28th at a sampling loeation at Deadmans Harbour.

6. Environment: Temperature range: 6 - 12° C
Salinity 32 ppt
Water Column mixed

7. Advected Population or insitu Growth: Adveeted

8. Previous occurrences: Shellfish areas are c10sed in the Bay of Fundy annually
(generally during summer months) due to unacceptable levels of PSP

toxins.

9. Individual to contact: Jennifer Martin
Department of Fisheries & Oceans
Biologieal Station '
St. Andrews, New Brunswiek
Canada EOG 2XO
(506) 529-8854(phone); (506)529-5862(fax)
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HARi"tFUL ALGAL BL001\lS IN 1994 - CA.'\'AlJA

1. Location: Various sites in Notre Dame Bay) Newfoundlnnd.

2. Date ofoccurrence: August 1994 to Oetober 1994.

3. Effects: NA

4. Management decision: Eutirc Bay closcd for all shdlfish harvesting in August 1994 and
reopened for harvesting in Oetober 1994.

5. Causative species: Alexandri1.lmJundymse implieated. Other potcntially toxie spel;i~s 01'
dinoflagcUate Prorocemrum ::;p. were also present in small numbers.

6. El1virolUIlt:nL: NA

7. Advt:~Led population or in süu growth: Unknovm. There are several sites on the south
and east coast ofNewfoundland \vhere hypnozygote ofAlexandriumjimdyense have been
found in the sediment. Resuspensioll and ingestion 01' these cysts by musseis ma)' also be
one ofthe causes oftoxicity.

9. Additional commcnts: The analysis of tht: toxin showed concentration levels oftrace to
420 Ilg!lOO g shellfish meat.

•
10. Individual to contact:

1v1adhu A. Paranjape
Deparun~ntofFisheries and Oc.eans
NAFC. Science Brauch
P. O. Box 5667
St. John's. NF, Canada) Ale 5Xl

Phone: (709) 772-6184
Fax: (709) 772-2156
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J. Conrad Powell
Department of Fisheries and Oceans
NAFC, lf1spt~lionServices Branch
P. O. Box 5667
St. Johnl~, NF, Canada, Ale 5Xl

Phone:(709) 772-4433
Fa.x: (709) 772-2282



Status of HAB's for Danish waters in 1994
Compiled by Dr. Per Andersen. associated consultant for IOC. Danish Ministry of Fisheries and Tbe Association of the
Danish Musselfisheries. Bio/consult aso Johs. Ewaldsvej 42-44. 8230 Aabyhlilj. Denmark.
phone 458625 18 11. fax. 45 86 25 81 73. E-mail: bioconjp@inet.uni-c.dk.

The phytoplankton situation in Danish eoastal waters and fjords in 1994 was
eharaeterizedby high eoneentrations and biomasses in the summerperiod, dominated
by diatoms e.g. Rhizosoleniajragilissima and Skeletonema costatum and dinoflagel-
lates Prorocentrum minimum and Prorocentrum micans. The high biomasses were •
the result of high external input from run-off from land during the winter and spring
period, followed by high internal input of inorganie nutrients from the sediments
as a result of oxygen defieieney in the exeeptionaUy ealm and sunny summerperiod.

The following toxie and potentially toxie algae were registered in high eoneentra­
tions:

DinoflageUates
Dinophysis acuminata

Prorocentrum minimum
Prorocentrum micans

Gymnodinium. sanguineum

Noctiluca scintillans

The following toxie and potentially toxie algae were registered in low eoneentra­
tions:

DinoflageUates
Alexandrium ostenjeIdii
Alexandrium tamarense

Dinophysis norvegica
Dinophysis acuta
Dinophysis rotundata
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Gyrodinium aureolum

Diatoms
Pseudonitzschia delicatissima-group
Pseudonitzschia seriata-group

Others
Chrysochromulina spp.
Phaeocystis pouchetii
Nodularia spumigena

No fishkills were registered in 1994.

Harvesting for musseis were closed or restrieted in most areas on the east eoast of
Jutland and in Isefjorden from may to september, and in one area in the Limfjord
in most of june as well in two areas in the period from Oetober to November
beeause ofhigh eoneentrations ofDinophysis acuminata, figure 1 and 2. DSP-toxins
were registered at the east eoast of Jutland (August), possibly in the Isefjorden
(July) as well as in two areas in the Danish Waddensea region (August), figure 3
and4.

PSP and ASP were not registered in 1994.

The coneentrations of DSP-toxins in blue musseis (Mytilus edulis) were not a simple
funetion of the registered concentrationofDinophysis acuminata in the areas, whieh
might be explained by variation of toxieity of Dinophysis acuminata (as shown by
measurements of the toxicity per eell from coneentrated plankton sampies using
HPLC), as well as high biomasses of Other phytoplankton organisms, which might
lead to a decrease in the ingestion ofDinophysis acuminata by the musseis. Further­
more the hydrographie conditions might lead to a heterogenous distribution of
Dinophysis aeuminata in the water-eolumn, with the result that the musseis does
not "see" the concentrations ealculated from the phytoplankton counts.
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Figure 1. Map showing the different areas used in the monitoring program for toxie algae in relation
10 the Danish musselfishery in 1994.
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Figure 4a. Maps showing Danish areas with occurrence of DSP-toxins in musseis in the period 1987­
1990.
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1994
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Figure 4b. Maps showing Danish areas with occurrence of DSP-toxins in musseis in the period 1991­
1994.
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HARMFUL ALGAL BLOOMS IN 1994 - FINLAND

I. Locations: Gulf of Finland, Baltic Proper

2. Date of Occurrence: July-August

3. Effects: not reported

4. Management decision: -

5. Causative species: Nodlilaria splimigpUl
Aphanizomenoll jlos-aqllae

•

•

6. Environment: open sea

7. Advected population or in situ growth: in situ

8. Previous occurrences: yearly phenomena in the Baltic sea

9. Additional comments:

10. Individual to contact:

Juha-Markku Leppänen
Finnish Institute 01 Marine Research
P.O.Box 33
FIN-00931 Helsinki
tel. +358-0-613941
fax. +358-0-61394494

e-mail: jukkis@fimr.fi
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MONITORING OF HARMFUL ALGAL BLOOMS
FRANCE - 1994

The French p'hytoplankton Monitoring Network (REPHY) has sampling stations along the
whole French coast. Sampling water is performed throughout the year, at less twice a
month, on certain stations. Other stations are sampled when there is presence of toxic
species. and shellfish are collected for toxicity tests (mouse tests in routine. HPLC analysis
if confirmation is needed).

The toxic events recorded in 1994 are described in Fig. 1 :

DSP toxieity affected a few areas. rather less than the previous years, and was always •
linked with presence of Dinophysis spp.

PSP toxieity was recorded in only one area, the same than past years. in northwestern
Brittany. The toxie episode succeeded to a bloom of Alexandrium minutum (eight millions
cells per liter).

Fish mortality was recorded in Camaret bay (western Brittany) in September: ten tons of
trouts and one ton of salmon in cages were destroyed. The responsible species, Hetero­
sigma carterae (= H. akashiwo) had been observed since later August in this area. On
September 27-28, the cell counts increased very rapidly and reached 130 millions eells per
liter. Rains. followed by sunny weather and absence of wind during a few days, associated
with the fast growing of the species. might explain this unexpected increase of
concentrations.
Heterosigma carterae (= H. akashiwo) was observed a few times before. in Atlantie and
Channel waters, but it never reached such eoneentrations. So it is the first time that this
species is assoeiated with fish mortality in France

An " unknown" toxin was again recorded in shellfish of a few areas, like in 1993. This toxin, •
which was neith"er DSP nor PSP, killed mice in few minutes. and was not Iinked with a toxie
or harmful phytoplankton species in water. In some cases, this toxin was present in shellfish
with DSP traces produeed by Dinophysis.

Diseolored waters were primarily recorded along the Atlantie eoast (Fig. 2). The main
responsible species were Eutreptiella sp., Alexandrium minutum, Gonyaulax spinifera,
Heterocapsa triquetra, Rhizoso/enia spp., Heterosigma carterae, Chaetoceros sociale and
armatum, Prorocentrum micans, Mesodinium rubrum, Pseudonitzschia seriata, Noctiluca
scintillans.
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Natignal Repgrt; Germany 1994

North Ses:

From the mlddle to the end of June an Increaslng number of eolonies end eells of Phaeocy­

stls pouchetii and Ceratium (urea respoctlvely were found In the western part of the North

Frislan Wadden Sea. At the same time, colonies of PhaeocyslJs were found in high numbers

in the East Frisian Wadden Sea. In addition there was a bloomlng of Phaeocystis in the Esst

Frislan Wadden Sea,

Prorocentrum redfieldii was not so abundant as In 1882 and Gyrodinlum aureolum was not so

abundant as In 1993.

Duting July some "Rod Tidesll were observed in the Helgoland Bight, caused by Noetiluea

milllJlis.

In the beglnnlng of August there was an inerease of Mesodinium rubrum •

around Helgolsnd w1th Intensive water dlseolouring. Thls phenomonon was observed for a
fortnlght in the south western part of our sampllng area.

At the end 0' July, DSP was detected In musseis (= Maclra corallina) about 20 mlles oftshore

(Amrumbank =name 0' the fIshing waters).

At the beginning of August, very high denslties of Dlnophysis speeies were found mainly In

the area of tho North Ftision Islands. up to 95,000 cells dm·3. Fishermen c:losed the ares as
a precautionary measure.

These exceptional high densities of Dinophysis oceurred In the East Frisian Wadden Ses too.

But tha fishermen didn't eolJeet tho blue-mu$scls. bccause not enough blue-mussels grew

there in 1994. So it wasn't worth eolleetlng them eeonomically. One sampie of OSP was

detected on the south !lide of the small island Mellum. •

BaUte Seai

The diatom Rhizoso/enia fragilis:slma showed high densltles In the fjords and bights during the

whole summer, partly causing a reddish colour of the water.

From mid to end 0' July ProroctJntrom minimum was abundant in the Flensburg Fjord (up to 5

m eells dm-3). Maximum cel/ numbers (up to 90 m cells dm-3) were observed in the inner part
of the Klei Fjord In the beglnnlng or September. They caused Intenslvely red water, partly wHh

orange eoloured, sllmy end olly surfaee film.

Toxie evenls were not reported.
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HA~IFUL ALGAE IN FAXAFLOI, ICELAND 1994.

On May 20, in the traditional spring survey of MRI, considerable number of Alexandrium
tamarense and A. osten/eid;; cells were found in netsampies at the stations in the outer
part of Faxafl6i. Because of these findings it was eonsidered urgent to get sampies from
the inner area, especially in HvaIfjöröur, where there are rieh beds of blue musseis.
These mussei beds are frequently visited by peopie eollecting musseis. The monitoring
of harmful algae was not on the programme in this area and therefore the following
infonnation is based on relatively few sampies, not systematically eollected.

At st. 1-3 (Fig. 1) 25-190 thousand cells pr. liter of Alexandrium spp were found in
surface sampies on May 31. Beeause of these resuits it was decided to ban all harvesting
of shellfish within the inner part of the bay. Around June 20 the eellnumbers had
dropped to several hundreds. Further sampling which was carried out in July (13 and 19)
and in August (15 and 31) showed that Alexandrium eells were absent in net sampies at
these stations.

Species of Dinophysis found in the area were D. norvegica, D. acuta, D. acuminata and
D. rotundata. Their eontribution to the vegetation wß:e small and the pattern of
distribution irregular as compared to that ofAlexandrium species. The highest number of
cells recorded was 2.160 cellsfl June 23 at station 2, seconded by 1.300 cells pr. 1. at the
same station August 8.

In the innennost part of Hvalfjöröur (st. 1) sampies of musseis were taken for mouse
testing of PSP and DSP. The sampling was carried out at the following dates: 24/5,27/5,
616, 14n and 22/8. In all cases PSP was beiow the detection limit. DSP was however
always present except on June 6. In the blue musseis sampie on May 27 the highest level
of DSP was found (2 mice dead after 11-24 hours). To the south of the mouth of
Hvalfjöröur, at Brimnes (Fig. 1), a sampie of horse mussei was taken on June 3 at a depth
of 15m. No PSP was found but DSP was at a quite high level (3 mice dead in 1-2 hours).

Th6runn Th6rdard6ttir, Marine Research Institute.
Gudj6n Alti Audunsson, Icelandic Fisheries Laboratories.
SkUlagata 4, Reykjavik.
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HARMFUL ALGAL BLOOI\I IN NOR'VAY 1994
Chrysochromulina s pp.

LOCATION

DATES

EFFEcrs.

Alortg the Norwegian Skagerrak Coast

May 1994

The bloom was not toxie to fish, but slightly toxie
to Artemia saUna in a bio-test.

MANAGEMENT Intensivation of monitoring aetivity
PECISIONS

•

•

CAUSATIVE

ENVIRONMENT

ADVECIED
POPULATION

PREVIOUS
OCCURRFNCE

ADDITIONAL
COMMENTS

INDIVIDUAL
TOCONTACf

It was a mixed bloom of ChrysochromuUna spp. Up
to 6 000 000 cells/L recorded in the Fl0devigen
Bay, among them about 50% C. polylepis,
(confirmed by electron microscopy).

The Chrysochromulina spp. were found in the
upper 10m of the water column. This water had a
salinity arouind 20 psu. A satellite imagery
(AVHRR-data) showed sea surface temperatures
between 12 and 13°C.

The algae seemed to follow the NOfwegian Coastal
current.

A harmful bloom of ChrysochromuUna polylepis 1n
May 1988. Since then monitoring has revealed
regular occurrence, about 1 000 000 cells/L, of
Chrysochromulina spp. each year in May-June.

Pue to the meteorological conditions the mixed
layer collapsed before any harmful bloom occurred.

Einar Pahl, Institute of Marine Research,
Fl0devigen Marine Research Station, N-4817 His
tel. +47 370 10580, fax. +47 370 10515.
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HARMFUL ALGÄL BLOOM IN NORWAY 1994
Gyrodinium cf. a,ureolum

LOCATION

DATES

EFFECfS

The southern and south-western eoast of Norway.

September-Oetober 1994.

Only patehes of diseoloured water

MANAGEMENT Intensified Ioeal aigae monitoring.
DEOSIONS

ENVIRONMENT The temperature was mainIy within 13-15 °C.

CAUSATIVE
SPECIES

ADVECIED
POPULATION

PREVIOUS
OCCURRENCES

ADDITIONAL
COMMENTS

WDIYIPUAL
TQCONTACT

Gyrodinium cf. aureolum, up to 10 million eells
per Iitre were recorded in the FI~devigen Bay.

The bloom was probaly due to a eombination of
adveeted populations and in situ growth.

Gyrodinium bloomed in the area in 1966,
1976, 1981, 1982, 1985, 1988, 1990, 1991 and
1992

The meteorologieal eonditions were favorable to
avoid a bloom with N-NW winds during the
blooming period and no convergence of the
Norwegian Coastal Current along the southern and
south-western eoast.

Einar DahI, Institute of Marine Research,
FI~devigen Marine Research Station, N-4817 His
tel. +47 370 10580, fax. +47 370 10515.
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HARMFUL ALGAL BLOOM IN NORWAY 1994
Prymnesium cr. parvum

LOCATION

DATES

EFFEcrs'

Ryfylkefjordene (near Stavanger), south-west
coast of Norway

July-August 1994

None

MANAGEMENT Threatend fish farms escaped the area.
DEOSIONS

ENVIRONMENT Temperature was 16.5-19 °C, a pycnocline present
at 2-3m depth and a salinity of about 8 psu in the
mixed surface layer.

•

•

CAUSATIVE
SPECIES

ADVECIED
POPULATION

PREVIOUS
OCUJRRENCE

ADDITIONAL
COMMENTS

INDIVIDUAL
TQCONfACf

Prymnesium cf. parvum, up to 2 million cellslL
were recorded.

In siru growth in a fjord and some advection of
algae and toxic water to nearby waters.

Blooms re-occurred every summer since 1989.

To detect toxic water-bodies an open weH-boat
with salmon was tracked in the fjord system.

Einar Dahl, Institute of Marine Research,
Fl0devigen Marine Research Station, N-4817 His
tel. +47 370 10580, fax. +47 370 10515.
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HARMFUL ALGAL BLOOM IN NORWAY 1994
Paratytic Shellfish. Toxins
In 1992 a regular monitoring of algae and control of shellfish toxicity by
mouse bioassay along the Norwegian coast were established. The results from
this monitoring programme concerning Paralytic Shellfish Toxins in 1993
are summerized.

MANAGEMENT Harvesting was locally banned. The public
DECISIONS was warned against picking toxic musseIs.

LOCATION

DATES

EFFECIS

CAUSATIVE
SPEOES

Along the north-west coast.

April - May 1994.

Toxins recorded above the action level (400
ME/I00g) according to mouse bioassay.

A/exandrium spp. •
ENVIRONMENT No information

ADYECIED
POPULATION

PREVIOUS
QCCURRENCES

INDIVIDUAL
TQCONTACT

Mainly due to in situ growth?

A few historical records, and more or less
regular occurrences in the area the recent years,
however, the spatial and temporal extent may
vary significantly from one year to another.

Einar Dahl, Institute of Marine Research,
Fl0devigen Marine Reseach Station, N-4817 His
tel. +47 370 10580, fax. +47 370 10515.

Kart Tangen, OCEANOR, Pirsenteret, N-7005
Trondheim, tel. +47 73 525050, fax. +47 73 525033
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HARMFUL ALGAL ßLOOM IN NORWAY 1994
Diarrhoeic Shellfish Toxins
In 1992 a regular monitoring of algae and control of shellfish toxicity by
mouse bioassay along the Norwegian coast were established. The 1994 results
from this programme concerning Diarrhoeic Shellfish Toxins are
summerized.

•

•

LOCATION

DATES

EfFECI'S

MANAGEMENT
DEOSIONS

CAUSATIVE
SPECIES

ENVIRONMENT

ADYECfED
POPULATION

PREVIOUS
QCCURRENCES

INDIVIDUAL
roCONTACf

Dinophysis spp. were reeorded all along the
Norwegian coast but most numerous along the
south and in the innermost part of the Sognefjord at the
west coast.

From March and troughout the year coneentrations
of same few hundred eellslL or more were
reeorded at one or another station. Among the Dinophysis
spp. oecurring along the Norwegian coast, the speCies D.
acuminata and D, acuta are eonsidered as the most
potent for toxieity. The latter has its main season in late
summer and early autumn.

Toxins reeorded above the action level
according to mouse bioassay at one or another
station from March on. Most widespread in early
autumn. Harvesting and consumption were banned.

Harvesting was locally banned. The public
was warned against picking taxie musseis.

Most probably Dinophysis spp., with D. acuminara and D.
acuta as the most potent species.

The problem occur over a wide range of
temperatures and salinities.

Along the southern coast there are same evidence
that the algae and toxin problems are spread by
advection. But along the west coast the "hot spots"
seems to be rather patchy which indicate loeal
concentration of the algae and/or in situ growth.

A few more dubious historieal records. A yearly,
more or less large scale and lang lasting
phenomenon since 1984 according to mouse
bioassay. The phenomenom has never been so
extensively monitored as since 1992.

Einar Dahl, Institute of Marine Research,
Research Station Flpdevigen, N-4817 His, NORWAY
tel. +47 370 10580, fax. +47 370 10515

Karl Tangen, OCEANOR, Pirsenteret, N-7005 Trondheim,
NORWAY
tel. +47 73 525050, fax. +47 73 525033
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P'O'RT"U GA L 1994

psp

All the Portuguese co~st waS affceted.

1. ~d 2.- LocatioD ~~d Breas of-oceurreDce:

- Algarve c:oast (FarolOlhäO)- Juhe-August (357 ugllOOg)
- Fonnosa Lagöon (FaralÖ~)-'September-oe:tober (317 ugllOOg)
- Arado estuaIy (Pori.miäo):-November (146 ugllOOg)
- AJwrLagoon (Po$mäo)-Ju,y (215 ugllOOg) ; November (145 ugllOOg)
- Sagres coast- July .(365 ugil<log)

. - Mn estuary (Sinesl ":" October1~April 1995 ( 1 018 ugllOOg)
- SiDes coast- Oc:tobe!"-))Pamber (411ugllOOg)
- Albumira LagClal (Sttiiball-SqX.ember-Novenber ( 685 uglJ 00g) and November-

Decanber ( 190 ug/lOOg) . .
.. Stmbal cmst- Octd?er.19~February1995 (1690 ugflOOg)
- Sado estuary (Sroiball-'Oa.ober 1994-ApriJ 1995 (1310 ugllOOg)
- Lbboa c:aast-~.:.DCcember(S2O ug/J 00g)
- Tagus estuary (Lis~)-Octobet 1994- April 1995 ( u&,IOOg)
.. Oec:ais, Ericeirn, Pmiches S.Martinho- Oaober 1994- Febnwy 1995 ( 3 618 ugflOOg)
-Nazare (6bidosLagocm)'-Octnber 1994-February 1995 (18Q1 ugilOOg)
- Figueira da Fez Coast;.: Oc:tober·December ( 100 ugllOOg)
- Mcmdigo estuaIy (Figue~da'~QZ)-Oc:tober 1994-March 1995 ( ugl100g)
- A1'eiro toast- Oc.tober-Dea:mber (108 ugflOOg)
.. Al'tiro Lagooo. - 0d0ber 1994 .. February 1995 (789 ug/lOOg)
.. E!pinho coast - November - December ( lOS ustlOOg)
- Li!na estwuy (Viaoa do Castelo) .. November - December ( 105 ugflOOg)
- Mmbo estuary - November 1994- Febrwuy 1995 ( )21 ugllOOg)

3. EiIew:

Almo6t alI the explotted biwlve molluscs from these reg1ens pre<;entoo PSP toxins:

.. Algarve coast (FarolOJhio)- only Venus strialu/a
- Sagres coast-MytilJLs edulis and Crassostrea angulata
.. Arado ESlWy (Panimäo)- RJuJjtapes decussata and Cerastoderma edule
- Fmmosa J.agcao (FaroIOIhäo)- a11y Cerasroderma edJlle
- Sioes coast- J:juJs sihqua and Donac spp
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• Sines Laguans - eerastoderma eduk. Venc1'Upis pJ1l.aslfQ , RwJitap8s deCu.t'öl11Q aD.d
M'f11us eJuli3 .
~AlbufWa 1.agnal (5mWaJ) - M)'rilus erhmsand Venia W:mJCosa
- 8aUbal~-ErWs siliqua aod llmu.a spp
• Sado estuary (SctUboJ)· Crauostrel1 unguJma ,scfobiculariQplaJlQ,Cc,astoderma edult:.

Vme11lpts prdlmtra , RudililpeS iJecyssota mld VemLf WTnJ,(;{Jsa

- Lisboa CXlDSt- Ensi.t stbqua aud Dont:a spp
• Tagus "'ry(Lisboa)- Scrobi&ularia 1'1JJna. O:rlJ5todt:l"mD ethJI.2,Venerupis pullastra •

Rwiitape.r deCllSSOlU.ud M)1iJug ~tbJ1is

-C.ascais.~Peniche.S.~.,\-{yti1u$ 6dulit
•Na.zan: (6bidos Lagaoo) ~S/JlSJlia soJida. MytihLt edul1s. ltJIJitapt:$ cleCII.t.'iatQ. Yenerupis

rndluJtra-.CITtutnt!erma eiJIJe
-Figueira da Fez CCast • spisuUz saUda
•M~ C!'DWy (Figucir:lda Foi) ~SCrubjculariQplann. f:erQSIDtJtmna eduls and Mytilus
~ . .

-AVeho cQut ··Spinda .tt1bda
. • Avciro J..Dsocm - Mytlms EduJi.r. R1JiJj~r d2CUSS/2111. Vellel1lpis l'JIl/a'itrQ arid

. Cerastot:Jwnta eduJe
- &piobn cmst· Spisu!Q 30lida
- J..ima esosary (Vama dO~):- urU3toderma edule
• MiDboätwuy -M}ttilus'eduJts

BivalwapcQcs with PSP \l2b~ OW1' 80 ugllOOg clo!:ed to~

s. Cauative~ '" .

- AJgärve coaat (FarolOJh!o). 1 800 (Aug.l8)
- Fomba Lagoga(F~). 4'00 (Scp.9)
• Arado estuary (portimMr 2 000 (AuS.IB)
- Sagia~ 13 000 (Aug.3)
• Siocs c:cast- 392 000 (Oct. 17)
· SiDiisl.,cl1S - 24 600
- Satit asawy (SdUbeJ)·- 63 900
• AJlIe8ira Lagoca (S«übalj • j 400
- Sdibal ClO8St- 91 OOU
- Lis&oa COIilSt- 102 625
- T..eRbJary (Wboa)-
• C.ä:c:ais, Erit.eira, Pcaü::he, ·S.Mattinbo- 135 000
• Narar6 (Obüb lagooo) ·20.5~
•F~ da Foz Cnast - 3 400
•~ estnary <P4tucira da Faz) .4050
- A1IItiro ceiast - 33 000
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- Awi.-o~ -11100
- &pinbo CDUt • 13 000 ,
. Lima estuary (Viana doCastdo) -2·450
- MinboeBarv - 2400

T.......ablNaap: 14 -20"C
SaJinlty 1ID8B: 20 - 36.5C}(Q"

7. AthcdW. popaIaIioa ",'Üt JiblIfOWtb:

A 0l'JIDbiMti0n ofbarh

, Sinoo 1916. with a breakiD 1991. G. Ct1teJfalUI1I has beM the respcmib~ spccies for PSP at
die~ CIQISEIl mae. 'ID 1993 -.1994 aN the caast!Jas t.:u aft'cctcd begioning by the
SQuth 1Di"-"8 tu b.Narth.

9.1...•• ' to eow"" ,

Maria AJilönia de M. 5aßayuancl Mcria da~ Vilarinho
IPIMAk
Av. BraIIia 1400LISBON PORTUGAL

ftaJe: 35113017361
F:sx.: 3511 3015943
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PORTl1GA L 1994

DSP tonaweredcm2rd _ A~ 'Öbidocaod Alburelt'8 Laeocm. Miuho and MoDdeso
flIluaries. i.istxaCoat. :

1. 8Dd 2~ lAatioIIl MddliaOl~

- MiDbo esmary. 10 AUguä :.12~ber
'-Aw:im~: 12 July:"'22NeMm'ber
- Mcm"aDwy; 6 April-l0Mayand 9 Ausust - 23 Nowmber.
- Obidaä Lasoon: 13 SeJlaDber· 16 NCMlDbcr
- LisbaIi eaut: 22 August - 30 Ausust
- Albu:lira I.agam: I Sqftmbor ~ 20 Nowmber

3.Effccö:

Mostbiwlws fmm tbese reikmJ)ItllCQt.od DSP toxms;

- Mia!IIIi lIIIIaUy:Mytilw i1tllJü-A'"Lesoao: MytiLII$ edWiJ ,
- MGII"a estu8ry: M;yIIlus eduJis mK1 Scrohicularia plr»w
- ObidiiIlAgoca:MynlflS t:dIJis
- LiIbGl aJUt: EtWs .siltqrID
- AlbuiWt.. Le&oca: Mytiu..r ubJiJ

DSP__.... dererminal bcdJ.,by!be JWUSe bioassay GDd tbraugb HPLC.

4. M -, a [d ....""!'.
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Ham=it oCafT'..md spocics dosedduring toximtian.

5. C...-m. specieI:

DIMPlrysis cfQ.CUIft11IQfÖaDdIor D. a&1I1ll uIls/I.:,

- Minbo C3tuaIy: D. QCIUIIinaJa 1 350( Oet. 13); D.nr.utn QOO (Oct.24)
• Awiro Lagooo.: D. oCIIlllinaln 1~ Jnly ZO ·25); IJ.llCldIl 950 (Sep.14)
•MealIeso estuary. J). QG"llmlnartl 700( lun. 1): D.ac:ulu S 100 (Jul.27)
- Obidosl~' D, ~/lI900 (July 20 - 25); D.acada 950 (Scp.l1)
- Lisbm CDlISL- D. aClUPliMtu 850 ( May 25); D.acuta 12 ISO (Sep.14)
- Albürira Iagoar- D.lJ.CU11Iinatl11 000 (Stp.8); D.acJlln 1 3SO (Od. 12)

Ta:tJPI.*aDUe ruge: 16 - 19'!C
Sll1iuity: 24 ~ 36%0 . ,

,. Adweteclpe,.". or· ür sltu growth:

8. Ptc••• DCCIIIT'CIlCa:

.SiDc:e 1917. tbe year of'tbe fint eonfirmerl 0C0lITence. ewIY year. wiIh a break in 1993. we au~

hn'ins tbe problem.. '!bC~ affecud·arca was 1bis year as always Awilu LaBoon.

9............. COBl8ct:

Maria ..uma cIt M. Sampayo aad'Mm3 da Gta(:R Vil:mnho
IPIMAIt.
Av. BruiIia 1400 Lisbcm POJlTOOAL

PIJ,(;o,: 351 13017361
Fax: 351 1 3015948
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HARMFUL ALGAL BLOOMS IN 1994 - SPAIN

1. Location: Beach of La Fosca (Costa Brava, Catalonia)

2. Date of Occurrence: July and August 1994

3. Effects: Presence of green patches in the beach, affecting negatively tourism. PSP
biotest on musseis: negative.

4: Management Decision:

5: Causative Species: Alexandrium taylori Balech

6. Environment: Calm weather

7. Advected Population or In Situ Growth: probably in situ growth

8: Previous Occurrences: None, it is the first citation of this organism in the
Mediterranean Sea.

9. Additional Comments:

10. Individual to Contact: Maximino Delgado
Instituto de Ciencias dei Mar
po Joan de Borb6 s/n
08039 Barcelona
Tel: (93) 221 6416
Fax: (93) 221 7340
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HARMFUL ALGAL BLOOMS IN 1994 - SPAIN

1. Location: Alfacs Bay (Ebro Delta, Catalonia)

2. Date of Occurrence: From December 1994 to March 1995

3. Effects: Mortatilies of fish in culture ponds (Sparus aurata)
and musseis (Mytilys galloprovincialis) in the bay.

4: Management Decision: Monitoring the dinoflagellate concentration before punping
of water to ponds.

5: Causative Species: Gyrodinium sp.

6. Environment: Salinity 35-36 psu, temperature 6-17 °C.

7. Advected Population or In Situ Growth: In situ growth

8: Previous Occurrences: None

9. Additional Comments:

10. Individual to Contact: Maximino Delgado
Instituto de Ciencias dei Mar
po Joan de Borbo s/n
08039 Barcelona
Tel: (93) 221 64 16
Fax: (93) 221 7340
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HARMFUL ALGAL BLOOMS IN GALICIA IN 1994

1.- Location: Some parts ofthe rias ofPontevedra, Muros and mounth south ofthe
Ria of Arousa and mounth north ofthe Ria ofVigo.
2.- Date of Occurrence: From the end to May to the beginning to the JuIy.
3.- Effects: Presence ofDSP bivalve toxicity.
4.- Management Decision: Harvesting was closed when DSP toxin is present.
5.- Causative Species: Dinophysis acuminata. The maximum cell concentration
was 3800 ceVl.
6.- Environment: During maximum cell numbers the temperature ranged from 13.5
to 17.8 °C and salinity from 34.5 to 35.6 USP.
7.- Advected Population or In Situ Growth: Provably "in situ" growth.
8.- Previous Ocurrences: Blooms of this specie are frecuenty in the rias in spring
and summer in the lasts years.
9.- Additional Comments:
10.- Individual to Contact:
J. Marino; J. Maneiro; Y. Pazos
Condici6ns Oceanograficas e FitopIancto
Centro de Control de Calidade do Medio Marino
Peirao de Vilaxoan D. P. 36600
Vilagarcia de Arousa. Pontevedra. Espana
Tel. + 34 8623 51 23

+ 34 86 51 23 22
Fax. + 34 8651 23 00
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HARMFUL ALGAL BLOOMS IN GALICIA IN 1994

1.- Location: Some parts ofthe rias ofPontevedra, Muros and mounth south ofthe
Ria of Arousa and mounth north of the Ria of Vigo.
2.- Date of Occurrence: From the beginning of August to the end of September.
3.- Effects: Presence of DSP bivalve toxicity.
4.- Management Decision: Harvesting was cIosed when DSP is present.
5.- Causative Species: Dinophysis acuminata. The maximum ceII concentration
was 3160 ceVI.
6.- Environment: During maximum ceII numbers the temperature ranged from 13.5
to 18.5 °C and salinity from 35.5 to 35.7 USP.
7.- Advected Population or In Situ Growth: Provably "in situ" growth.
8.- Previous Ocurrences: Blooms of this specie are frecuenty in the rias in spring
and summer in the lasts years.
9.- Additional Comments: •
10.- Individual to Contact:
J. Marino; J. Maneiro; Y. Pazos
Condici6ns OceanOhTfaticas e Fitoplancto
Centro de Control de Calidade do Medio Marifio
Peirao de Vilaxoan D. P. 36600
Vilagarcia de Arousa. Pontevedra. Espafia
Tel. + 34 8623 51 23

+ 34 86 5 I 23 22
Fax. + 348651 23 00

•
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HARMFUL ALGAL BLOOMS IN GALICIA IN 1994

1.- Location: Rias of Pontevedra, MllroS, Vigo and mounth south of the Ria of
Arousa.
2.- Date ofOccurrence: From the middle ofOctober to the middle ofNovember.
3.- Effects: Presence of DSP bivalve toxicity.
4.- Management Decision: Harvesting was c10sed when DSP toxin is present
5.- Causative Species: Dinophysis acuminata. The maximum cell concentration
was 4280 celll.
6.- Environment: Dllring maximum cell numbers the temperature ranged from 13
to 15.5°C and salinity from 33.5 to 35.5 USP.
7.- Advected Population or In SÜu Growth: Provably "in situ" growth.
8.- Previous Ocurrences: Blooms ofthis specie are frecuenty in the rias in spring
and summer in the lasts years
9.- Additional Comments: This bloom are partially coincident in the time with
other ofthe Gymnodinium catenatum.
10.- Individual to Contact:
J. Marino; J. Maneiro; Y. Pazos
Condici6ns Oceanograticas e Fitoplancto
Centro de Control de Calidade do Medio Marino
Peirao de Vilaxoan D. P. 36600
Vilagarcia de Arousa. Pontevedra. Espana
Tel. + 34 8623 51 23

+ 34 86 51 23 22
Fax. + 34 86 51 23 00
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HARMFUL ALGAL BLOOMS IN GALICIA IN 1994

1.- Loeation: Some parts of the rias of Vigo, Pontevedra, Arousa, Muros
partieularly in the mounths.
2.- Date of Oeeurrenee: From Oetober to Deeember.
3.- Effeets: PSP toxieity reaehing a maximum eoneentration of 2652 /-lg equiv.
STX eq. g/ 100 g meat.
4.- Management Deeision: Harvesting was closed when PSP toxin eontent was
equal of higher than reehead 80 /-lg equiv. STX 11 00 g. meat.
5.- Causative Speeies: Gymnodinium ca/ena/um. The maximum eell eoneentration
was 22720 eells I-I
6.- Environment: During maximum eell numbers the temperature ranged from 13
to 15.5 °C and salinity from 33.5 to 35.5 USP.
7.- Adveeted Population or In Situ Growth: Adveeted population.
8.- Previous Oeurrenees: Blooms ofthis speeies were reeorded in the Rias Baixas •
in autum in 1981, 1985, 1986, 1987, 1988, 1990 and 1993. In these three latter
years, small populations were also found during summer.
9.- Additional Comments:
10.- Individual to Contaet:
J. Marino; J. Maneiro; Y. Pazos
Condiei6ns Oeeanognlfieas e Fitoplaneto
Centro de Contro] de Calidade do Medio Marino
Peirao de Vilaxoan D. P. 36600
Vilagarcia de Arousa. Pontevedra. Espana
Tel. + 348623 51 23

+ 34 86 51 23 22
Fax. + 34 8651 2300

•
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ALGAL BLOOl\1S IN SWEDEN 1994
,

Prorocentrum minimum

LOCATION Southeast Kattegat

DATES

EFFECTS

August 1994

No effects observed

MANAGEMENT ­
DECISIONS

CAUSATlVE

ENVIRONMENT

Mixed bloom. Cell densities of up to 200 000
cells/L of Prorocentrum minimwn.

PREVIOUS Blooms of Prorocentrum minimwn occur almost
OCCURRENCE every year since 1981.

•
ADDITIONAL
COMMENTS

INDIVIDUAL
TOCONTACT

Lars Edler, SMlll
Doktorsgatan 9 D, 262 52 Ängelholm, Sweden
tel. +46431 80854, fax. +46431 83167.
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ALGAL BLOOMS IN SWEDEN 1994

Prorocentrum mican9

LOCATION

DATES

EFFECTS

East Skagerrak

August 1994

No effects observed

MANAGEMENT ­
DECISIONS

CAUSATIVE

ENVIRONMENT

Cell densities of up to 120 000 cellslL of
Prorocentrum rnicans.

PREVIOUS Presence ofProrocentrum rninimum
OCCURRENCE every year, but usually not in such high densities.

ADDITIONAL
COWvffiNTS

INDIVIDUAL Odd Lindahl, Kristineberg Marine Research Station
TO CONTACT S-450 34 Fiskebäckskil, Sweden

tel. +46 523 18500, fax. +46 523 18502.
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ALGAL BLOOMS IN SWEDEN 1994

Dinopllysis acuminata and norvegica

LOCATION

DATES

EFFECTS

Central Baltic Sea

August 1994

No effects observed

MANAGEMENT ­
DECISIONS

CAUSATIVE Cell densities of up to 100 000 cells/L of
Dinophysis norvegica. Dinophysis acuminata in
lower abundance.

ENVIRONMENT Main occurence at 14-17 m depth.

PREVIOUS Presence ofthese species common
OCCURRENCE but not observed in such high densities.

•
ADDITIONAL
COMMENTS

INDIVIDUAL
TOCONTA~T

Susanna Hajdu, Dept. of System Ecology
Box 7050, S-750 07 Uppsala, Sweden
tel. +46 18673155, fax. +46 18673156.
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ALGAL BLOOMS IN SWEDEN 1994

Nodularia spumigena- cpld Apanizomenon "baltica"

LOCATION

DATES'

EFFECTS

Baltic Sea (see map)

July-August 1994

No effects observed, but moderate toxicity found
in population collected in Gdansk Bay, Poland.

MANAGEMENT ­
DECISIONS •CAUSATIVE Nodularia spumigena and Apanizomenon "baitica"

ENVIRONMENT -

- PREVIOUS
OCCURRENCE

ADDITIONAL
COMMENTS

INDIYIDUAL
TOCONTACT

Large blooms of these species common
in the summer

Susanna Hajdu, Dept. of System Ecology
Box 7050, S-750 07 Uppsala, Sweden
tel. +46 18673155, fax. +46 18673156.

Lars Edler, SMHI
Doktorsgatan 9 D, 262 52 Ängelholm, Sweden
tel. +46 431 80854, fax. +46 431 83167.
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ALGAL BLOOMS IN SWEDEN 1994

Peridinella catenata

LOCATION

DATES

EFFECTS

Southeast Baltic Sea

May 1994

No effects observed

MANAGEMENT ­
DECISIONS

CAUSATIVE

ENVIRONMENT

Cell densities of up to 1 400 000 cellslL of
Peridinella catenata.

PREVIOUS Presence ofPeridinella catenata every year
OCCURRENCE but never observed in such high densities.

ADDITIONAL
COMMENTS

Toxicity test of this species during the bloom in
1993 was negative.

•
INDIVIDUAL Susanna Hajdu, Dept. of System Ecology
TOCONTA
CI Box 7050, S-750 07 Uppsala, Sweden

tel. +46 18673155, fax. +46 18673156.
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ALGAL BLOOMS IN SWEDEN 1994

Chrysochromulina spp..

LOCATION

DATES'

EFFECTS

Southeast Kattegat

May 1994

No effects observed

MANAGEMENT ­
DECISIONS

CAUSATIVE Mixed bloom ofChrysochromulina spp. Cell
densities of up to 200 000 cells/L.

ENVIRONMENT Maximum cell density at 10-15 m, i.e. in the
halocline.

PREVIOUS
OCCURRENCE

ADDITIONAL
COMMENTS

INDIVIDUAL
TOCONTACT

A hannful bloom of Chrysochromulina polylepis in
May 1988. Since then monitoring has revealed
regular occurrence of Chrysochromulina spp. each
year with maximum in May-June.

Lars Edler, SMHI
Doktorsgatan 9 D, 262 52 Ängelholm, Sweden
tel. +46 431 80854, fax. +46 431 83167.
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ALGAL BLOOMS IN SWEDEN 1994

Ceratium furca

LOCATION

DATES

EFFECTS

Southeast Kattegat

September 1994

No effects observed

MANAGEMENT ­
DECISIONS

CAUSATIVE

ENVIRONMENT

Cell densities of up to 40 000 cellslL of
Ceratium furca.

PREVIOUS Presence of Ceratium furca
OCCURRENCE every year, but usually not in such high densities.

ADDITIONAL
COMMENTS

•
INDIVIDUAL
TOCONTACT

Per Olsson, Toxicon
Kontorsgatan 20, S-261 35 Landskrona, Sweden
tel. +46418 14550, fax. +46 418 23285.
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02-08-1995 14:27 FROM TO 003486492351 P.03

ALGAL BLOOM REPORTS - ENGLAND AND WALES

1. Location: Weymouth Harbour. Dorset

2. Date of occurence: 01108/95

3. Effects: None

4. Management decision: Increase sampling frequency. Take sampies of mussei flesh for
PSP analysis

5. Causative species: Alexandrium tamarense.

6. Environment: No data

7. Advected population or in situ growth: no data.

8. Previous occurrences: no data

9. Additional comments: No toxins detected.

10. Individual to contact: Allan Fraks
NRA Blandford Forum
Tel: 01258456080
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02-08-1995 14:27 FROM TO 003486492351 - P. 02

ALGAL BLOOM REPORTS . ENGLAND AND WALES
{

1. Location: Broad Haven, Dyfed.

2. Date of occurence: 22/8/94

3. Effects: Dead fish (various species) molluscs and echinoderms.

4. Management decision: water sampies taken

5. Causative species: Gyrodinium aureolus.

6. Environment: no data.

7. Advected population or in situ growth: no data.

8. Previous occurrences: None recorded

9. Additional comments:

•

10. Individual to contact: Pablo Cotsifis.
NRA Haverford West
Tel: 01554757031
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HARMFUL ALGAL BlOOMS 1994· SCOTLAND

1. Location: West Coast of Scotland.
PSP toxins were detected in several lochs in this region and for the first time in
sampies from sites in Lewis and South Uist. The area south of the
Ardnamurchan peninsula was largely unaffected by PSP toxins

2. Date of Occurrence: Toxins detected between:

Musseis (Mytilis edulis): Mid-April - End August
Scallops (Pecten maximus): End June • Early August

3. Effects: Toxins in musseis first appeared in mid-April, but did not peak until earty JUly,
where levels reached 2483units. Toxin levels over 2000units were detected in
Loch Kishom, Loch Houm, Loch Inchard and Loch Kirkaig. Toxins were found until
late August. Toxins in scallops reached 1560units in mid-July and were not found
after the beginning of August. DSP tOXinS were detected at 6 locations, the area
most severely affected was Loch Greshomish where toxins were found over a
four-week period. Levels of okadaic acid of up to 115.8ug /1 OOg tissue and the
presence of DTX1 were found.

4. Management: Voluntary closure agreements were made with affected shellfish farmers
and fishermen.

5. Causative species: No water sampies were analysed. A new phytoplankton monitoring
programme is being set up next year.

6. Environment: No information available.

7. In situ Population or Advected Growth: Not known.

8. Previous Occurrences: Outbreaks of PSP have been previously recorded around Skye
and the Inner Sound.

9. Additional Comments: None.

10. Individual to Contact: G. Howard / E. Macdonald
SOAFD Marine Laboratory
PO Sox 101
Victoria Road
Aberdeen AS9 80S
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HARMFUL ALGAL BLOOMS 1994· SCOTLANO,

1. Loeation: East Coast of'SCotiand.
PSP toxins were detected in mussei sampies over an area extending from Wiek
to Fraserburgh and from Aberdeen to the Scottish border. PSP toxins were also
found in seallops from the Moray Firth Seallop Grounds. Offshore scallops from
Bellrock to Montrose were also affected.

2. Date of.Oeeurrenee: Toxins detected between:

•

•

Musseis (Mytilis edulis): Mid-May • End June
Scallops (Pecten maximus): End May • Early August

Low levels of toxin detected between:

Brown crab (Cancer pagurus): Mid-June (peak 468units)
Lobster (Homarus gammarus): Early June (peak 450units)

3. Effects: Toxin levels in musseis first appeared in the Berwiek area in mid-May and by early
June had peaked at 8982units, then fell to below 400units by the end of the month
Toxin levels over 2000units were found in the Eden estuary and at Banft. Levels
at EHe in the Firth of Forth, an area where high levels in previous years were
regularly reeorded, this year did not exeeed 200units. Around the Bellroek area,
toxin levels of 1198units were detected in offshore scallop gonads in early June.
Toxins eontinued to be detected in scallops from the Moray Firth until early
August. DSP toxins were found in mid-June and eontinued to be detected until
mid-July. Levels of okadaic acid up to 80ug /100g tissue were found.

4. Management: The Domoch Firth Fishery was subject to a voluntary closure agreement
first for PSP and then for DSP, the elosure lasting until the 25th of July.
Scallop fishing vessels working around the Bellroek area were advised
to move to the North of Montrose where levels were lower and scallop
processors were required to have End Product Standard Testing.

5. Causative Speeies: No water sampies were analysed. A new phytoplankton monitoring
programme is being set up next year.

6. Environment: No information available.

7. In situ Population or Advected Growth: Not known.

8. Previous Oeeurrenees: Regular oecurrenee every year since 1968 in Forth.

9. Additional Comments: None.

10. Individual to Contact: G. Howard / E. Macdonald
SOAFD Marine Laboratory
PO Box 101
Victoria Road
Aberdeen AB9 80B

. '"

71



HARMFUL ALGAL BLOOMS 1994· SCOTLAND

1. Location: Orkney and Shetland.
As in 1992 and 1993, Orkney was badly affected by PSP toxins which were
detected in a range of different bivalve species. Musseis. scallops and queens
were the worst affected, but toxins were also found in razor fish and oysters. All
areas of the Orkney Islands were affected, and PSP toxins were also found in
the Shetlands.

2. Date of Occurrence: Toxins detected between-

Musseis (Mytilus edulis): Mid-April - End August
Scallops (Pecten maximus): End June - Early August

Low levels of toxin detected between-

Brown crab (Cancer pagurus): End July - Early August (peak 267units)
Lobster (Homarus gammarus): End July (peak 350units)
Razor fish (Ensis spp.): End July (peak 377units)
Oysters (Crassostrea gigas): Early July· End July (peak 365units)

3. Effects: Toxins in musseis first appeared at the beginning of June and by the end of the
month levels had reached 1806units. peaking at 4707units in mid-July. Toxins in
scallops peaked at 3692units in mid-July and continued to be detected until the
end of August. All areas of the Orkney Islands were affected and toxin levels over
1OOOunits were found in Scapa Flow. the Kirkwall. Sanday, Westray and Copinsay
areas. DSP toxins were detected in an isolated sampie of musseis from Scapa
Flow. In Shetland PSP toxins were found in late June. but levels did not exceed
400units.

4. Management: Intially voluntary closure agreements were sought with shellfish farmers, but
as the outbreak became more widespread and deeper water scallop ground
were affected. closure orders made under FEPA 1985 were introduced. The
first order was made on the 20th of July and the final order was revoked on
the 19th of August. Further tests were carried out following a resurgence of
toxins in scallops in October and November. and processors were required
to obtain certification showing that End Product Standards were met.

5. Causative Species: Low levels of A/exandrium spp. were found in water sampies in May.
Dinophysis spp. at 500 cells/l were identified in water sampies in late
April. A new phytoplankton monitoring programme is being set up
next year.

6. Environment: No information available.

7. In situ Population or Advected Growth: Notknown.

8. Previous Occurrences: Regular occurrence since 1990.

9. Additional Comments: None.

10. Individual to Contacl: G. Howard I E. Macdonald
SOAFD Marine Laboratory
PO Box 101
Victoria Road
Aberdeen AB9 80B
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HARMFUL ALGAL BLOOMS IN THE UNlTED STATES - 1994

MAINE

1. Location: Tremont. Maine 10 the Canadian border.

2. Date of Occurrence: ]une 10 August 1994.

3. EtTects: PSP in shellfish (Mytilus edulis, Mya arenaria, Modiolus modiolus, Arctica islandica and
E!lacopectell magellallicus).

4. MllIUlIement Action: Affected areas closed 10 the harvest of specific species.

s. Causative Spedes: Alaandrium tamaTensis.

6. Environment:

7. Advected Population or In Situ Growth:

8. Previous Occurrences:

9. Additional Comments:

. 10. Individual to Contact: Dr. lohn W. Hurst. Ir.
Department of Marine Resources
West Boothbay Harbor, Maine 04575
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES -1994

MAINE

1. Location: Kittery - Stonington. Maine.

2. Date of Occurrence: May 10 September 1994.

3. Effects: PSP in shellfish (Mytilus edulis, Mya arenaria, Spisula solidissima. Madiolus modiolus
and Euspira heros). .4

4. Management Action: Affected areas closed to the harvest of specific species.

S. Causative Speeies: Alexandrium tamarensis.

6. Environment:

7. Advected Population or In Situ Growth:

8. Previous Occurrences:

9. Additional Comments: In February 1994 the emire Maine coast was closed to the harvesting of
whelks. duc to tetramcthyl ammonium (TMA).

10. Individual to Contact: Dr. John W. Hurst. Ir.
Department of Marine Resources
West Boothbay Harbor, Maine 04575
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

,.

MASSACHUSETTS

1. Location: GeOrges B~ offshore, Area 6

2. Date of Occurrence:

3. Effects:

4. Management Action: The closure of Georges Bank to the harvesting of molluscan
shellfish with the exception of sea Scallop adduetor museIes was eontinued throughout
1994 because of the risk of pariUytie shellfish poisoning.

5. Causative Species: AlexandriUm fuiulyense anrlIor A. tamarense (variety not yet
<IetenIrlned).

6. Environment: Georges Bank is an open-ocean environment, 100-200 miles from me
nearest land (Cape Cod). Mueh of the <karges Bank area is very shallow OQ-15 m).
The region is a rieh fishing grounds for shellfish and fuifish. Stratifieation of the
waters overyling Georges Bank starts 10 oceur in May, at whieh time the surface watefs
are abOut lQ-12°C.

7. Advected Population or In Silo GroWth: The origin of the offshore toxieity arid its
relationship with inshore 10xicity remain unknown.

8. Previous Occurrences: High levels of palalytic shellfish toxins were first observed in
Georges BaDk shellfish iri 1989. Toxin lc~vels mcreued iri 1990. Despite the apparent
absenCe of AleialidriUm blooms in the Georges BaDk region since 1990, the Persistence
of tlletaxiris iri sud C1ams bis resulted in aeontinuing closure of the Georges BaDk. sm
clam fishery.

9. Additional Comments:

',~

10. Individual to Contact: Dr. Alan White
Departtnent of Maririe Safety and

Environmeriial Proteetion
MaSsaCDUsettS Maritime AcadeII1Y
101 AcadCmy Drive
Buzzards Bay, Massachusetts 02532
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

NEWYORK

1. Location: Aanders Bay and Great Peconic Bay, on the western end of the Peconic
Estuary system. Densities of up to 1.4 x 104 cells/ml occurred in Aanders Bay and up
to 1.1 x lif cells/ml in Great Peconic Bay.

2. Date of Occurrence: Very brief occurrence - the last half of May (5/17-5f1.4). By
1 June, concentrations were < 200 cells/ml and by 15 June the cells were undetectable.

3. Errects: None apparent - the aesthetic effects typically associated with this bloom • ~

(water discoloration (brownish) and reduced transparency) are generally not visible until
concentrations approach 2.0 x ·IOS cells/ml. Higher numbers than found during 1994
have previously been reported 10 deleteriously affect shellfish species.

4. ~lanagement Action: Continue weekly monitoring program.

s. Causative Species: Aureococcus anophIJgejferens.

6. Environment: Temperature: 14.00-18.1°C; salinity: 25.71-26.83%0; dissolved oxygen:
7.5-8.2 mg/l; water column stability: mixed.

7. Advected Population or In Situ Growth: In situ growth.

8. Previous Occurrences: The bloom was present throughout the entire Peconic Bay
system from 1985 through 1987, with densities occasionally exceeding 106 cells/ml. •Cell numbers dectined through 1988 and 1989, and were generally undetectable during
1990 with the exception of those from West Neck Bay (Shelter Island). During 1991,
densities of up to 2 X 106 cells/ml occuried in Aanders Bay and West Neck Bay.
During 1992, numbers approached 8.5 x lOS cells/ml in Coecles Harbor (Shelter Island)
and 106 cells/ml in West Neck Bay.

9. Additional Comments:

10. Individual to Contact: Dr. Roben Nuzzi
Bureau of Marine Resources
Suffolk County Department

of Health Services
Riverhe~ New York 11901
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

NEWYORK

•

1. Location: Moriches and Shinnecock Bays. The bloom was maiilly concentrated in
eastern Moriches B~y, QUantuck Bay, and western Shinnecock Bay.

2. Date oi Occurrence: May thrOugh June with peak ceIl denSities approaching 2. x 104

cells/ml, occwring in mid- to. late May. A secondary bloom appeared in early
September with countS up 10 3.8 X 104 ceIls/ml.

3. Erreets: Primarily aesthetic - water column discoloration (brownish) and reduced
tI'anSparency. Effects on various shellfish species have previously been reported.

4. Management Action: Increase the frequency of monitoring activities.

5. Causative Speeies: Aureococcus anophagefferens.

6. Environment: Temperature: 14°-24.8°C; salinity: 26.93-29.65%« dissolved oxygen:
6.8-9.0 mg/l; water column stabilitY: mixed.

7. Adveeled Population or In Silo Growth: Probably in'situ growth in Quantuck Bay,
eastern Moriches Bay, and western Shinnecock Bay, with other areaS containing
advected populations. Both bays are subject 10 significant tidal flow through ocean
inlets.

• 8. Previous <Xcurrences: 1993: up t02 x lOS cells/ml; 1992: > 106 cells/ml; 1991: <
loJ to 1<r ceIls/Dll; 1990: < loJ to 9.6 x lOS cells/ml; 1989: < 1.3 x lOS ceIls/ml in
Moriches Bay arid< 2.3 x 104 c~IlS/riU in ShinneCOck BaY.

9. Additional CommeniS:

10. Individual tO Contad: Di. RobeIt Nuzzi
BUreau cf Marine Resources
Suffolk Cowity Depanment

of Health Services
Riverhead, New York 11901
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

NEWYORK

1. Location: Great South Bay. The bloom was present in the central portion of the bay,
from the Robert Moses Causeway bridge to the waters off Sayville.

2. Date of Occurrence: June through July, with peak. concentrations approaching 106

cells/ml occurring in late June. A secondary bloom began in mid-August and was still
present in late October, when densities up to 1.2 X 104 cells/ml were found.

3. Errects: Primarily aesthetic - water column discoloration (brownish) and reduced
.transparency. Secchi depth readings were less than 0.5 m during peak. bloom periods.
Effects on various shellfish species have previously been reported.

4. l\lanagement Action: Increase the frequency of monitoring activities.

s. Causative Species: ALUeococcus aoophagefferens.

6. Environment: Temperature: 18.4°-28.<Y'C; salinity: 24.3Q-29.5O'Yoo; dissolved oxygen:
5.8-11.3 mg/l; water column stability: mixed.

•

7. Advected Population or In Situ Growth: Probably in situ growth.

8. Previous Occurrences: 1993: < 1<P to 2.6 x lOS cells/ml (January-March, August- •
November); 1992: 1& to 106 cells/ml (January-December); 1991: < Hf cells/ml
(January-JllOe); 1990: < 1 x 1~ cells/ml (May-December); 1989: < 2.5 x Hr cells/ml
(April-September); 1988: 1& to 5 x las cells/ml (JllOe-August); 1985, 1986: > 106

cells/ml.

9. Additional Comments:

10. Individual 10 Contact: ... , Dr. Robert Nuzzi
Bureau of Marine Resources
Suffolk County Department

of Health Services
Riverhead, New York 11901
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

NEW JERSEY

1. Location: Raritan Bay, south shore are~ to Sandy Hook Bay (centering off East
Keansburg).

2. Date of Occurrence: June 10 September 1994 - intermittent blooms peak early August
(approximately 3 August).

3. Effects: Heavy red to brown water discoloration, flocculent deposits on shore, possible
hypoxia from algal decomposition; has been associated with occasional localized fish
ldlls (none in 1994).

4. Management Action: Surveillance by NJOEP/EPA and Monmouth Cowity Health
Department.

s. Causative Species: EutreptialEuglena spp.; Chaetoceros spp., ThalaSsiosira sp.,
Skeletonema costatum. Maximum cell counts of dominant species.> 2 x 104 rDJ.-l;
maximum chlorophyll a levels> 115 mgr1•

6. Environment: Secchi disc readings as low as 0.5 m. Water temperature 23-24°C;
salinity 20-22.5 %0 dissolved oxygen 6-9 mgl-1•

7. Advected Population or In Situ Growth: In situ growth.

8. Previous Occurrences: Chronie annual blooms (at least since the 19608).

9. Additional Comments: Within the past decade, diatoms have dominated for longer
periods than phytoflagellates.

10. Individu3I 10 Contact: Dr. Paul Olsen
New Jersey Department

of Environmental Protection
Division of Science and Research
Bureau of Water Monitoring, CN422
Tren1On, New Jersey 08625

79



HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

NEW JERSEY

1. Location: Bamegat Bay (to Little Egg Rarbor)

2. Date of Occurrence: July to September 1994

3. Effects: Intense yellow-green to yellow-brown water discoloration; possible eelgrass
die-off.

4. Management Action: Surveillance by NJOEP/USEPA, Bamegat Bay citizens watch
group/NJ Sea Grant Marine Advisory Service.

s. Causative Species: Nanrwchloris atomus; maximum cell counts> 5 x las mI-I;
maximum chlorophyll -levels to 30 pgl"l.

6. Environment: Water temperatures > 22°C. Secchi disc readings as low as < 0.5 m.

7. Advected Population or In Silo Growth: In situ growth.

8. Previous Occurrences: Chronic annua! blooms at least since 1985.

9. Additional Comments:

•

10. Individual 10 Contact: Dr. Paul Olsen
New Jersey Department

of Environmental Protection
Division of Science and Research
Bureau of Water Monitoring, CN422
Trenton, New Jersey 08625
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

NEW JERSEY

1. Location: Oceanport Creek-Branchport Creek, tributary to Sandy Hook Bay via the
Shrewsbury River.

2. Date of Occurrence: 8 August, 3 September, 21 November.

• 3. EfTects: Intense brown to tea-colored water discoloration; presence of floc from algal
decomposition. Numerous dead killies and other dead fish on 13 September.

4. Management Action: Investigation by Monmouth County Health Department.

S. Causative Species: Diatoms Navicula and Chaetoceros sp. (8 August); phytoflagellates
Prorocentrum minimum (dominant), P. red/ieldi, Polykrikos kuJoidii, and several other
species.

6. Environment: Maximum cell counts of the dominant> 5 x 104 mI-I.

7. Advected Population or In Silo Growth: In situ population.

8. Previous Occurrences: Heavy localized blooms of this nature are not uncommon in
this location, which lacks flushing and receiver concentrated runoff from surrounding
suburban areas.

9. Additional Comments: P. minimum is a suspected bather irritant, although this is not
normally a bathing area.

10. Individual to Contac:t: Dr. Paul Olsen
New Jersey Department

of Environmental Protection
Division of Science and Research
Bureau of Water Monitoring, CN422
Trenton, New Jersey 08625

81



HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

FLORIDA

1. Location: Aorida Bay, Area 16.

2. Date of Occurrence: January 1994 to January 1995.

3. EfTects: Yellow-green to pea-green diseolored seawater with decreased water clarity.
IN a previous year, spange mortality eoincidental with bloom areas.

. 4. Management Action: None in 1994, although restoration of the bay is part of a long­
range interageney plan.

5. Causative Species: Cyanobacterium, Synechococcus e/ongatus. Cell eoneentrations
up to 7.1 X 106 eells mI-I. Can eo-oceur with small « 10 pm) eentrie diatoms and
other eyanobacteria. Chlorophyll a levels up to > 30 pg/liter-1•

6. Environment: Shallow subtropieallagoon with salinities from essentially freshwater
to hypersaline (> 50%0) and temperatures from 18.2° to 34.4°C. Resuspension events
from winds and tidal action eommon.

.
7. Advected Population or In Situ Growth: In situ growth within sub-basins of bay.

High resideney time within sub-basins, but sub-basins flushed by rain and storm events
through narrow ehannels.

8. Previous Occurrences: Bloom has been on-going for several years.

9. Additional Comments:

10. Individual 10 Contact: Dr. Karen A. Steidinger
Florida Department of Environmental Protection
Florida Marine Research Institute
100 Eighth Avenue, S.E.
St Petersburg, Florida 33701-5095
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

FLORIDA

1. Loeation: Pinellas 10 Collier County (1994) Area 16; Collier 00 Monroe County (1995) Area 16;
Monroe 00 Palni Beach County (1995) Area 15

2. Date or Occurrence: 16 September 1994 thrriugh February 1995 and on-going (as of 26 Februafy
1995) in southwest Florida.

3. Eff'ects: Dead fish - inshore and offshore. Water discolor.ition brownish-red in some areas.
Respiratory irritation from Pine1las 00 Lee CoUntY.

4. Management Action: Shf:llfish harVest banS due 00 Gymnodinium breve red tide -Iower TaInpa
Bay. 21 September 1994 10 25 January 1995; Boca Ciega. 26 5ePtembc:r 1994 00 25 JanuarYl995;

. new pass fall closure dueto rainfall. kept closed until 27 January 1995: Lemon Bay fall closure
due 00 rainfall, kept cloSed until 25 January .1995: Gasparilla fall closure due.oo raiiuall. kePt
cloSed until25 January 1995: Pine Wand 17 September 1994-25 septC:mbC:r 1995.

. S. Causatlve Spedes: Gymiwdinium breve. . IrishOre and eoastal surface watet sampies up 00 12
miles offshore h3d ce1l concemrations ranging from negative 10 > 30 X 166 cells/liter-1

•

6. Environment: Occurred in nearshore alid shelfwaters with wide Salinity range (26 00 36 %0) and
temperatures of 16.5 10 28.5°C.

7. Advected Population or In Situ GcöWth: Adveeted population from offshore waters between
Tampa Bay and Owiotte Harber. In January-February, G. breve bloom in southwest Florida
offshore shelf waters entrained and transponed south. Bloom concentrations found on the Atlantic
side in February. An eddy offthe Gulf Stream in mid-February deliverec:t above background levels
of G. breve cell concentrations 10 coastal waters off Palm. Beach CountY.

8. PreVtous OcalrreDCes: No occuiTeitce in 1993: september 1992-January 1993:January-FebrUaIy
1991: February-March. October~November 1990: March-May 1989; October-DeCeinber 1988;
January/february. May-July,. September/October 1987: September-Decembc:r 1986: September­
December 1985: January-March. May-Augiist. 1984; January/February, OCtober-Deeember 1983;
January-April. July-<>Ctobcr 1982; September/Oetober 1981; JanuarylFebruary. June-November
1980; and berore.

9. AdditJoilal Comments:

10. IndividUal to Contact: er. Kaien A. Stei<linger
-, Florida Depirurient of EnviJi,nmeÖtal Proteetion

Florida MarlnC ReSearch Institute
100 Eighth Avenue, S.E.
SL Petersburg. Florida 33701-5095
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

LOUSIANA

1. Location: Louisiana continental shelf from barrier islands 10 at least 20 miles offshore
south of Terrebonne Bay.

2. Date of Occurrence: 7 March 1994 (start of bloom unknown).

3. EtTects: Water discoloration.

4. Management Action: None (over flights planned before bloom dispersed by storm).

s. Causative Speeies: Surface water sampies showed concentrations of Heterosigma cf.
akashiwo ranging from 1 x Hf nearest shore to 5 x Hf cellslliter offshore.

6. Environment: 17-19°C.21-290/00.

7. Advected Population or In Situ Growth: Not known.

8. Previous Occurrences: Not observed before 1994 at any concentration in Louisiana
waters.

9. Additional Comments: 1) Bloom dispersed by severe storm and not seen again that
year. obviating need for over flights. 2) This species was observed earlier at low levels
in Terrebonne Bay estuary. along with possible benthic palmelloid stage.

10. Individual to Contact: Dr. Quay Dortch
Louisiana Universities Marine Crm.rortium
8124 Highway 56
Chauvi~ Louisiana 70344
(504) 851-2800
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES -1994

LOUSIANA

1. Location: Louisiana continental shelf and estuaries.

2. Date of Occurrence: All seasons sampled (March-October), peak concentrations
occurred in April and October.

3. EfTeets: No monitoring for effects.

4. Management Action: None.

5. Causative Speeies: Pseudonitzschia spp., present in 64% of sampies collected in shelf
arid estuarine areaS. Concentrations up to 1 x 107 cells/liter. Species not generally
identified, but earlier studies have identified P. multiseries, P. pungens, and P.
pseUdodelicatissima.

6. Environment: 0.5 to 36%0 (most abundant at 22-320/(0), 9 to 32°C (most abundant at
21°C), blooms in moderately weIl-mixed water. Occurs more frCquently and at higher
concentrations in coastal zone in comparison with estuary.

7. Adveeted Population or In Situ Growth: In situ growth.

8. Previous Occurrences: Occurs annually in very predictable pattern in coastal zone
with large blooms in April (based on five-year data). Occurrence in estuary less
premctable (based on two-year data). Historical data indicate presence in high numt>ers
bäck to 19508.

9. AdditiOnal Comments: Tests for domoie acid and more detailed t3xonoiny currently
underway.

10. Individual tri Conlact: Di. QUay Dortch
Louisiana Universities Maririe Consortium

~.' 8124 Highway 56
Chauvi~ Louisiana 70344
(504) 851-2800
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES -1994

LOUSIANA

1. Location: Louisiana shelf adjacent 10 Sabine Pass.

2. Date or Occurrence: 22 June 1994 (may have been occurring for more than a month
prior 10 this date).

3. EfTects: Discolored water. A fish kill in Louisiana waters was described by the Texas e 1
Department of Parks and Wildlife, but there are no data from Louisiana monitoring
agencies.

4. Management Action: None in Louisiana. Texas Department of Parks and Wildlife
coUected sampIes for identification and environmental conditions and NOAA, NMFS
held a workshop to consider relationship between algal bloom, fish ldlls, and turtle and
marine mammal deaths.

s. Causative Species: Surface water sampIes laken from the bloom contained
Gymnodinium sanguineum at 5.4 x 106 cells/liter.

6. Environment: 29.8°C, 12.0%0, 15.4 ppm 02

7. Advected Population or In Situ Growth: Not known.

8. Previous Occurrences: Previous bloom and fish kill very similar to the 1994 event e
reported in Harper, D. E., Jr. and G. Guillen. 1989. Occurrence of a dinoflagellate
bloom associated with an influx of low salinity water at Galveston, Texas and
coincident mortalities of demersal fish and benthic invertebrates. Contributions in
Marine Science 31: 147-161.

9. Additional Comments: Gymnodinium sanguineum occurs in estuarine and coastal
waters of Louisiana at concentrations up to 1 x 105 cellslliter, mostly in summer.
Maximum concentrations are observed at low salinities but it can occur at salinities
from 0.5 to 36%0.

10. Individual to Contact: Dr. Quay Donch
Louisiana Universities Marine Consortium
8124 Highway 56
Chauvin, Louisiana 70344
(504) 851-2800
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

TEXAS

1.

2.

3.

4.

s.

6.

7.

8.

Location: Coastal Texas-Galveston Bay 10 Sabine Pass, extending 10 Calcasieu Pass,
Louisiana. Includes Chambers and Jefferson Counties.

Date or Occurrence: 1 May to 1 July 1994.

Errects: Water discoloration. Mass mortalities of primarily demersal fishes and
crustaeeans. Not uniformly distributed, with separate blooms occurring at major passes.
Low concentrations of dissolved oxygen suspected as major source of mortality.

Management Action: None.taken.

C"rte"'ca.c­
Causative Species: Gymnodinium sanguineum and Heterosigma a!:.:u{;Ü,a.

Environment: Coastal waters with blooms concentrating near passes, thus indicating
a link with freshwater runoff. During this period abnormallywe~ non-westerly, mixed
directional surface currents prevailed.

Advected Population or In Silo Growth: Suggestion of in situ gro~ but data
Iacking.

Previous Occurrences: Similar occurrence in 1984. Distribution, however, appeared
to be more uniform during this time.

9. Additional Comments: Pieture of mortalities becomes confused with coincidental1y
high mortalities in sea turtles, dolphin, and seabirds.

10. Individual 10 Contact: 1:>r. Dean A. Stockwell
Marine Science Institute
The University of Texas at Austin
P.o. Box 1267
Port AranSas, Texas 78373-1267

.' ,
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HARMFUL ALGAL BLOOMS IN THE UNlTED STATES - 1994

TEXAS

1. Location: Upper Laguna Madre, Baffin Bay and Lower Laguna Madre, Texas Nueces, Kleberg,
Kenedy, Willacy and Cameron Counties.

2. Date of Occurrence: All year - seasonal fluetuation in populations with dec1ine in winter, but
always dominant organism.

3. Efrects: Water discoloration in al1 of the above area5. Secchi depths range from 0.1-1.0 m and
chlorophyll ranges from 20 pg/l to more than 250 pg/l. A major concern is the shading and light
limitation on seagrass beds in Laguna Madre. 11lere has been a serious disruption of spans tishing

. for spatted sea trout and redfish. Loss of seagrass beds becoming apparent.

4. Management Action: Shrimp and redfish mariculture hateheries using alternate water sources
where possible. Adjust water intakes to periods of low brown tide standing crop. Grazing studies
on zooplankton and larval tish indieate little or no consumption.

S. Causative Species: The organism has tentatively been identified as a type m aberrant Chrysophyte
sp. RNA sequencing, pigment analysis, and polyc1onal antibody assays indicate that the organism
is similar to Aureococcus arwphagejJtrens, OOt there are some differences.

6. Environment: 11le organism has been found in bay waters ranging from 2-75%0 salinity. The
most pronounced accumulation have been observed in Baffm Bay, Texas which has very sluggish
circulation. 1be organism thrives on ammonium nitrogen regenerated from sediments and has linIe
or no uptake of nitrate nitrogen.

7. Advected Population or In Situ Growth: In situ growth. Origin not known.

8. Previous Occurrences: Brown tide bloom started in December 1989 and has been continuously
present in Baffm Bay to the present time. Outbreaks have bcen observed in Mexico and other
Texas embaymems (Copano Bay, Nueces Bay, Matagorda Bay) for short times in 1991 and 1992.

9. Additional Comments: 1be bloom was probably triggered by release of nitrogen after a tish-kill
caused by a freeze. Other non-point source inputs of nitrogen may be also contributing to the
maintenanee of the bloom. A viral pathogen appears responsible ror its demise in Nueces Bay.

10. Individual to Contad: Dr. Dean A. Stoekwell
Marine SCience Institute
1be University of Texas at Austin
P.O. Box 1267
Port Aransas, Texas 78373-1267
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1 . Lol_!'..:at, i.!.)I~S ~i'1>\fnN COUNTY, CALIFOR.'HA (Ölt eC\s affected !:.\[ :~\eS 3ay.
;:;i'~k'2S ::St.'2hTIJ, Tc.;ra 1eS ;'::0\;,', [\erlO'2 B:-?:~r.h, '.!\ 1i r Bt-'adl

2. f?!!~~~.~!.t'-~~_~..!]ce~ .J:1.nuary (:~20,)i~/1\10 ~ tissue),
r ..,.b~'lIa L'~' ': fl ....u~), '!iu'c,h (::: Je) .Ale;) , -\priL (G80 _Ll~ ) ,
"l[\~' (220 u.,=?:), '\u,gust (:::30 ,ug), September (930 .ug)

, , I

~~. Ef..f.~~;?_~ C:~ntin~l &t:r 'ltlSSel (SB:l) 9:30. ug; dett=·.::t".able out
C.o::],,jl'; alert le\'els of ?SP in Cultu!'ed ?aeific Cysters
WMJ) l~ere e\'Ldtmt.

.\. :~ement Oecis'ions: On January 21, 199.+ a quarantine t,;as
t:'S tablished for sport-:1ar\'t~sted mussels (-'hieh t,as li fted
"n :lan::h 7 th by the Di.!'ector of the S tate Department
üf He~-tlth Services. On ~'larch :11 a special quarantine
t.'as F.1gai.n established due to the rapid increase in PSP
,lnd t.his \:untinued through the normal quarantine period
'iay 1 t,Ll ()~ tober :31, 199-+.

5. Causative Species: :\lexandrium c:atenellum

o. E!~,Y...i..ro~I}t.: \,'acl1li ng trend in the sea sucface t-,emperatures
(SST) folll)l'i.ng abrief upwelling periud.

7. A.-dveet.ed Population or In Situ Growth: In Slt:U grol,;th; high
ct1ncentrations of A.. eatenellLun \,;ere noted eaeh time the
PSP concentrat ions w'ere recordeJ i.n the shellfish.

8. Previous Occurrences: 1327, '29, '32, '34, '62, 'G3, '64,
'65, '06, '70, '71, '76, '80, '81, '82, '8-+,- '86, '87,

'88, '89, '90, '91, '92, '93, '34.

9. Additional Couments: This area is the ':l.quaculture center
for mussels and Pacific oysters and is \'ery t..:ell
monitored for PSP levels in these shellfish.

10. Irxiividual to Contar.t: Dr. :1aria R. Re.lss
Biology Deparlment
l:niversity ()f California at Los Angeles
405 Hilgard A\'f~nue

Los Angeles, Cali fornia 90024
(310) 206-3528
~~X (310) 55g-~lZO

Ref: State of California, Depa[·trn'·~lt ,>1' Health Services
Shellfish ;\Jonitoring Prmu' \.I1l i ..;r:HSs:!p)
Technical R'eports ~o. 9 :_t~': ! ::['\l :~4-28
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DEI. }.;ORTE - :n September measur-able level of PSP t-'as noted in "mussels, !\Oh',:-VPl'

it did not exceed t.he alert l.c:vel. Durin~ the f.·ntire ye:u' I::)

JX;P levels ~ere dett-·cted.
Prpvious occurrences: 1981, ' 91, , 92, 'g 3

Hl.."'1ROrlIT - '';" dt~tectab 1e le\'els of PSP duril:g the entire year e':cept Lir l\lh

lI\!-:·asl.lrable FSP l'oncent.ration dllring t.he last t.h',) ~..ef:ks in .\lI~'.lst.

?revious occurrences: 1969, 'il, '73, '89, '92, '33

\!ENIX~INO - Dut'i ng January, February, 'l.arch and October PSP levels \.;ere
measw'able hut less than 80/ug alert le\'el.
PI'eviolls occurrences: 1932, 'Ei2, 'G6, '67, '69, '73, "82, '8-l, '89,
'90, '91, '92, '93

SONa1A - .ranuar~· PSP level t·;as detectable below the alert concentrat.ion. The
rest of the months ei ther no dection was noted or no sampies I'ere
submitt.ed.
Pre\'ious occurrences: 1927, '29, '30, '32, , 37, '5-l, '62, '!J8, 'G9,
70, '71, '76, '80, '81, '82, '87, '89, '90, '91, '92, '9~

SAN FRANCISCO - During the ~tear t-:hen sampies t--ere submi t ted no FSP ~--as cle tP.~:t" ," I •

Previous occurrences: 1970, '71, '80, '83, '8-l, '86

SAN NA.TEO - From June through November measurable concentrations of PSP here
n·.)ted and in August the level increased to 230ft. By September t!l,:,
level t-,'as below BOPJg.
Previous occurrences: 1970, '71, '82, '83, '8-l, '86, 'B7, 'B9, 'gO,
'91, '92, '93, '9-l

SANTA CRUZ - There o:::curred one episode of PSP concentrat ion of 8-l/ug. In
September and ~O\'ember measurable but Lelow the BO",ug alert 1e\"el.
Ptrevious occurrences: 1971, '8-l, '89, '91, '92, '93

~UNTEREY - PSP levels from not oetectable beginn,ing of the year increased t.o
220 ug in ~Ja.rch, 3Z0pg in April t-.o not detectable wltil ~u\'e!llber' l.ll.,!!

the level reached 91.".ug.
Previous occurrences: 1988, '89. '~l
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SAN LC,C'1S CRISFO - ':,.' FSP ~,a .... dt::t:e.~·t.ed t.L!t II ,):rObel' Ihl!)ll~~l December' '.!lF~rl

:TOf::<\s\:t'al,L,., lJel.')k Cl.i.'=l't lr'-\t"'ls t~erE' !·E'e'.J!'dO::'.l.
F:·~\·i.:l.i'''') 11I··1·1It""'~·t:n'~f:··s: 117:j, '89, 'g~)

s .....JI.;T.-\ RM~nAF:A - -:-: ;,'[:S ~'l"et" uf c::3F t=',:c1o'pt !·;.'r ji'!\~ iDt':::hi!!·a.t·],:- t.·\Jll(;I~!!tl'2.'·.i,_,j~S !:!

• ~t in..., .-'\l\d D,-:\ :e~he 1'.

Pre\·i·)\~s '.,ccurl'E'nces: 1978, '0.3, '8C)

\'ENTPRA - Or!l;.c tkO episod,:-s (lf 1.0)"-' medsu~"abLe le·t-?L:'.,f ~p \.."'1'P' :.'P,:,)! t"",j \1::.,,'
'd1d .Tune.
P~'evi\Als ocr::urcer.<'~es: lCJ80, '89

•
Ire ANGELES - -\ cC!1centratiun of FSP ()f -l8 )l,g/10 r) g shel.1.fish

has t.he sir.gle episode foc r.he ,,,hole :·.'[::ar.
Pre\·i.ous c,·ccurrences: Fl70, '71, '72, '83, '8':;, '86,
'91, '92, '0,3

, 8;, '~_~8

CHANGE - \0 PSP detected.
Prev Lous ,)ccurrences:

SAN DIEGO - Free cf PSP.
Pre\'ious occurrences:

197~,

1985

'80, 'in, '85, '89

P'j'DTVTDUAL 1'0 CUNTACf: Dr. ~raria R. Ross
Biology Department
l'niversi ty of Califol'nia at Los Angeles
-l05 Hi 19ard A\'enue
Las Angeles, California 9002~

(310) 206-3528
F~~ (310) 559-5120

Ref:State of Cal'ifomia Department of Health Services, Shellfish Monitoring
Program Technical Report Nos. 94-03 thru 94-28
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CAllFORNIA COL'I'lTIES PSP DATA 1994

Jan F?b Mar Apr May Jun Jul Aug Sep Get Nov Cee

Dei Norte "ci ;)d nd f'\d no !'\d nd nd <80 "ld '-'S "0

Humbcldt "1d nc nd rd :d n::l nd <80 n:l r.d ne r:l

Mendocino 40 39 40 nd :10 nO nd "0 ns <80 ns ns

Sanoma 44 nd ....,s nd ros nd ns ns ros :1S rl5 ..,5

Marin 320 41 230 680 220 <80 <80 330 930 <80 <80 ~d • ~

San Francisco rod ns ns ns ilS nd nd na nd nd ns ns

San Mateo rod nd ns nd nd <:80 <80 230 <80 <80 <8Q :d

Santa Cruz nd nd ns 84 nd ns ns nd <80 ns <80 :10

Moterey nd ö1d nd 220 320 ns nd nd :"\s nd 91 ns

San Louis Obispo nd nd nd nd nd nd rod nd nd <80 <80 <80

Santa Barbara nd nd nd nd nd <80 nd nd nd nd nd <80

Ventura ns ns nd ns <80 <80 nd nd nd nd ns ölS

Los Angeles 48 nd nd nd nd nd nd nd nd nd nd no

Orange nd nd nd nd nd nd nd nd nd nd nd rod .,
San Diego nd nd nd nd nd nd nd nd nd nd nd nd

Individual to Contact: Dr. Maria R. Ross
Biology Department
University of Calitorma at Los Angeles
405 Hilgard Avenue
Los Angeles. California 90024
(310) 206-352~~
F~(3'0)559·5120

Ref: State of California Department of Heai:n 5ervl~e4s.

Shellfish Monltonng Program Technlcal Reoorts
94-06. -08. ·11. ·13. ·15. -17. -20. -23. ·25. -27 for 1994

PSP concentrations)Jgi1 00 g tissue
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IXM:>IC .~~rl)j'p~;.JueJ.grlj t..,'~~hj~ ~-i~_~t;~ j1,\T~\ 199-1 - j·,\I. I FORN L\ ~"~·~ITTFS-----

J
,... ',1 .\ \1 .J J . S 0 N nI' : \

l)EI. \T':·fi:TF "d ~;d <10 00 <:30 ':-;0 '.:,0 <'~n <.';0 >;;0 >;;0 >.SO

1:1 :-:':ffiCf JYf ( 1() ( 10 <10 <·~O !;d <10 <~() <~o ):10 :.;:;0 >;';0 !Id

~1F.NlX'Cr~o co nd <10 <10 <iO <;:;0 >50 <50 <:;0 lid nd r,d_._. __ ..

S0~';'~tA <10 <10 <10 ,50 <10 lid <10 <50 <50 >50 <50 (SO

~·1:\RTN >50 '>:,)0 <50 <10 <10 nd <10 <:':;0 <50 <50 <50 <50

,...." ,!'
fF...i~.J[;l?cY;? i'IU nd nd nd ,.0 I,d nd nd nd nd nd fit!.'):'- ,

• S,\N ~·I,\TF.O <50 <50 <SO <10 <10 nd (JO <:10 <50 <50 <50 lId

St\~I\ CRUZ Ild <50 nd <10 <50 <50 nd >50 >50 nd nd nd

:.-n..'TF.REY nd nd nd nd <50 <10 >50 >50 >50 nd nd nd

SAN I&!rr~ ORP nd <50 <50 <50 >50 >50 >50 >50 >50 <50 <10 <50

SA~IA B.~ >50 <10 <10 <50 <50 <50 >50 <10 <50 <10 <SO nd

VENTCRA nd <10 nd <50 <10 <50 <10 <10 <10 nd <50 nd

fns ANGELES nd <50 nd >50 >50 nd nd nd nd nd <10 nd• .+----

Q.R,.\Nim <10 <50 <50 <10 <10 <50 nd nd nd nd nd nd

SA'l PIE(,g <50 <50 <10 <10 >50 >50 <10 nd <10 nd <50 <10
..,v

,INnnrrDUAL 1'0 enNTAcr: Dr. Maria R. Ross
Biology De~rt.rnent

University of Cal i fomia at Los Angeles
405 Hils;(ard AventJP.
Los Angeles, Cali fornia 90024
(310) 206-3528
FAX (310) 559-5120

Hef: Stare of Ca) ifomia lJP.partment. of Ift·a I t.h Services,

Shellfish Monitoring Progrrun Tt'chn ica..l Reports 94-03 thnl 94-i~8

r..eU counts p.xpres~ed a.q perct·fl'.a~p!->(J"/i»)
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

OREGON

1. Location: Oregon coast from Cape Lookout near Netarts to the Columbia River
(approximately 44.4-46.7°N). This area is called the Clatsop Beaches.

2. Date of Occurrence: Toxicity in shellfish began in August 1992. MusseIs peaked at
4365 pg/l00 g in September 1992 and did not drop below detection until May 1993.
Razor clams were 298 pg/l00 g in late October 1993. Older. bigger clams had higher
PSP than younger ones. PSP in razor clams still 38-60 pg/lOO g in December 1994.

3. Errects: Processing of razor clams for food slowly returning. Tourist facilities hurt
because no clam diggers for three years (pSP and domoie acid). Intensified testing 0

razor clams has also increased costs of collection and laboratory testing for the Shellfish
Program.

4. l\fanagement Action: Commercial and recreational harvest of razor clams was re­
opened on Oatsop Beaches on 1 November for the flrSt time since November 1991.

5. Causative Species: Not conf1l1lled, thought to be Alexandrium catenella.

6. Environment:

7. Advected Population or In Situ Growth: Not known.

8. Previous Occurrences: Tbe last Oregon PSP alert began on 25 September 1991 on
the central beaches in musseIs, peaking at 150 pg/l00 g and declining to less than 50
pg/l00 g by 30 October 1991.

9. Additional Comments: No human illnesses confumed.
......'

. 10. Individual 10 Contact: Dr. Deh Cannon
Shellfish Program Specialist
Oregon Department of Agriculture
635 Capitol Street. NE
Salem, Oregon 97310

94
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· .
HARMFUL ALGAL BLOOMS IN THE UNITED STATES ..:.. 1994

OREGON

1. Location: Oregon coast from Cape Lookout near Netarts to the Columbia River
(approxiiilately 44.4-46.7om. This area is called the Clatsop Beaches.

2. Date of Oc:currence: Toxiciij in nizoi clam.s begm in November 1993 when domoie
acid levels increased tri 10 PPm- This was lhe first tinie levels exceeded 6 ppm since
November 1992. Musseis were 1 ppm, the flrSt time dCtCcted since November 1992.
DA levels rose tri 24 ppm in Janu3ry arid deelined to less than 5 ppm by Apnl. Levels
less than 5 PPm in bimonthly sampling for the rest of 1994.

."

3. Effects: The raior clam fishery was already closed.

4. Management Action: Commercial and recreational harVest of razor clamS was re­
opened on Clatsop Beaches on 1 November for the fIrst tinle since November 1991.

s. Causative Species: Not confumed.

6. Environment: Typicallate sinluner arid fall weather conditions of waler temperatures
lo-i3°C, salinity 25-300/00 or greater. Fall r3ins begari in early November which is
laler than usual.

7. Advected Population or In Situ Growth: Not knoWn.

8. Previous Occurrences: The laSt Oregon domoie acid alert began on the northern
beaches in November in razor clams and continued to exceed 5 ppm until July 1992.

(

9. AdditIOnal Comments: No human illnesses confumed.

10. Individual to Cont8ct: Di. Deb Ca.nnon
Shellfish PrOgram Specialist
OI'egon Department.cif AgricUltlire
635 Capitril Street, NE
SaIem, Dregon 97310
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HARMFUL ALGAL ßLOOMS IN THE UNITED STATES -1994

OREGON

1. Loatiori: Entirc Oregon coast from Calüornia border to Columbia River. North coast
bays affected were Netarts, Tillamook, and Nehalem.

2. Date o~ Occurrence: South: 27.April at Bando~ mussei PSP = 62 JIg/lOO g peaking
at 282 JIg/l00 g on 23 June with levels less than 40 JIg/l00 g by mid-August.
North: 7 May at Roads End with 37 JIg/l00 g, peaking at 199 JIg1100 g on 6 July,
levels less than 40 JIg/l00 g by early September. Toxicity in bay clams ranged from
73 JIg/l00 g in Nehalem Bay cockles on 5 July to 98 JIg/lOO g in Tillamook Bay on 6
July.

3. Effects: A large musseI shipper was closed for three weeks before lot sampling
assured safety of product. Commercial clam divers in northem bays were closed for
three weeks. Limited oyster production in northem bays monitored by lot sampling.

4. Management Action: Commercial and recreational harvest of shellfish was closed on
the north coast on 6 March; southern beaches on 10 June; entire coast closed by 22
June; northem bays were closed. on 8 July. South coast reopened on 16 August; north
coast bays on 29 July, and north coast beaches, except for razor clams on 30 August.

5. Causative Species: Not confumed, hut thought to be Alexandrium catenella. Field
staff trained to examine species recorded an increased abundance on the south coast
prior to toxicity in musseIs.

6. Environment: Warmer than normal spring temperatures occurred in April and May.
July was very hot.

7. Advected Population or In Situ Growth: Not known.

8. Previous Occurrences: The last Oregon PSP alert began on the northem beaches in
August 1993 in musseIs and continued to October 1993.

9. Additional Comments: No human illnesses conf1l1D.ed.

10. Individual to Contact: Dr. Deb Cannon
Shellfish Program Specialist
Oregon Department of Agriculture
635 Capitol Street. NE
Salem, Oregon 97310
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

WASHINGTON

1. Location: Allyn, Washington at the north end of Case Inlet, Puget Sound

2. Date of Occurrence: late September 1994.

3. Effects: Wild fish mortalities.

4. Management Action: None.

S. Causative Species: Heterosigma carterae.

6. Environment: Temperamre ranged from 20.5°C at the surface 10 15.2°C at the
hottom; salinity ranged from 26.3%cat the surface to 29.6%tat the hottom; nitrate was
low at 0.22 JIM, and phosphate was 1.26-1.4 JlM.

7. Advected Population or In Situ Growth: Probably in situ growth.

8. Previous Occurrences: Not known.

9. Additional Comments: Fewer than 100 fish died; most were chum salmon, hut a few
chinook and coho salmon also died

10. Individual to Contact: Dr. Rita Harner
University of Washington
Schoolof~eanography

Box 357940
Seattle, Washington 98195-7940
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

WASHINGTON

1. Location: Case Inlet. southem Puget Sound. Washington.

2. Date of Occurrence: late September through October 1994.

3. EfTeets: PSP toxin in musseis higher than 80 JIg/lOO grams shellfish meal

4. Management Action: Harvest closure.

S. Causative Speeies: Unknown, presumably Alexandrium catenella.

6. Environment: Not known.

7. Advected Population or In Situ Growth: Probably in situ growth.

8. Previous Occurrences: No previous closures in that area of southwestem Case InIel

9. Additional Comments:

10. Individual to Contact: Dr. Mary McCallum
Office of Shellfish Programs
Washington Department of Health
P.O. Box 47824
Olympia, Washington 98504-7824
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES -1994

WASHINGTON

1. Location: Southem Hood Canal, Washington.

2. Date of Occurrence: November-December 1994.

3. EtTects: Domoie acid levels in musseis about 10 pg/grams.

4. Management Action: None.

s. Causative Species: Pseudonitzschia pungens f. multiseries.

6. Environment: Not known.

7. Advected Population or In Silo Growth: Preswnably in situ growth.

8. Previous Occurrences: Not previously known for the area, but few sanipies collected
there.

9. Additional Comments: Domoie acid levels in phytoplankton samples collected from
the area on 29 November 1994 ranged from < 1 to about 15 pg/ml sampie (DA
analyses by National Marine Fisheries Service, Seattle).

10. Individual to Contact: 01'. Rita Homer
University of Washington

.-J School of Oceanography
Box 357940
Seattle, Washington 98195-7940
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

ALASKA

1. Location: Perryville at Humpback Bay. Humpback Bay is a bight 5 miles across on
the south coast of the Alaska Peninsula 12 miles ENE of Stepovak Bay (55°52'N,
152~0'W). .

2. Date of Occurrence: 30 March 1994.

3. Errects: 7 people with symptoms and two people still symptomatic on 31 March 1994. - ~

4. Management Action: Village put out a general warning not to eat cmals, State will
put out a press release.

5. Causative Species: Unknown at this time.

6. Environment: Proteeted area of the Alaska Peninsula.

7. Advected Population or In Silo Growth: Razor clams.

8. Previous Occurrences: 14 August 1982 - PSP levels of 5028 pg/l00 grams with
musseIs. Five people ill and medivaced to Anchorage.

9. Additional Comments: Razor clams sampled for PSP results. Razor clams with
viscera, shucked and without siphon tips - 528 and 562 pg/l00 grams.

Razor clamsc~ eviscerated (siphon tips removed) -129 and 263 pg/l00 grams. •
Broth from canned product - 136 and 249 pg/lOO grams.

10. Individual to Contact: Dr. Michael J. Ostasz
Shellfish Coordinator, Seafood Program
Division of Environmental Health
State of Alaska

.-J Dimond Center
800 East Dimond Blvd., Suite 3-455
Anchorage, Alaska 99515
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HARMFUL ALGAL BLOOMS IN TUE UNITED STATES - 1994

ALASKA

1. Location: Mayflower Beach (Kodiak Island); - 5-r>38'45"N, 152~5'45"W.

2. Date of Oa:urrence: 25 May 1994

3. EfI"eds: One person consumed butter clams (2 raw and 3 cooked) and after 1 hour she
developed numb lips, followed by numbness of hands; no nausea, vomiting, ataxia,
weakness, dysphagia, dysarthria, or respiratory arrest (hospitalized).

4. Management Action: Press release.

5. Causative Species: Akmlldrium

6. Environment: No data.

7. Advected Population or In Situ Growth:

• 8. Previous otturrences: General area has had PSP episodes.

9. Additional Comments: Butter clams collected had a PSP level of 1701 pg/l00 grams.

10. Individual to Contact: Dr. Michael J. Ostasz
Shellfish Coordinator, Seafood Program
Division of Environmental Health
State of Alaska

..:J Dimond Center
800 East Dimond Blvd., Suite 3-455
Anchorage, Alaska 99S15
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HARMFUL ALGAL BLOOMS INTHE UNITED STATES -1994

ALASKA

1. Location: Chiniak Bay area on Kodiak Island (57°42'N, 152~O'W). 13-mile indentation
on the NE coast of Kodiak Island.

2. Date of Occurrence: 25 May 1994

3. EtTects: Three individuals ate raw musseIs. Consumption varied from 12 musseIs (> 12,
but less than 50 musseIs and greater than 50 musseIs). Two individuals hospitalized. One

. went into respiratory arrest and was then transferred to Providence Hospital in Anchorage.
Still intubated and paralyzed (5(25/94) at this time.

4. Management Action: Sampies to be taken and press release to be issued.

5. Causative Species: Suspect Alexandrium.

6. Environment: NIA.

7. Advected Population or In Situ Growth:

8. Previous Occurrences: General vicinity has had PSP occurrences and morbidity in the
past.

9. Additional Comrnents: MusseIs from implicated beach sampled on 5(26/94 had toxin
levels of 18,684 pg/l00 grams of shellfish rlssue.

10. Individual to Contact: Dr. Michael 1. Ostasz
_J Shellfish Coordinator, Seafood Program

Division of Environmental Health
State of Alaska
Dimond Center
800 East Dimond Blvd., Suite 3-455
Anchorage, Alaska 99515
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES - 1994

ALASKA

1. Location: Monashka Bay on Kodiak Island (57°50'N, 152~5'W).

2. Date 01 Occurrence: 26 May 1994

3. Effects: One person hospitalized after consuming 20 cooked musseis. Symptoms after
4 hours included dizziness. numbness of Ups and hands; symptoms resolved after 20 hours
and patient was discharged.

4. Management Action:

s. Causative Spedes: Akm1Ulrium

6. Environment: 3-mile long bay.

7. Advected Population or In Silo Growth:

8. Previous OCCUlTences: Area has had PSP episodes in the pasL

9. Additional Comments: Musseis collected had PSP levels of 1778 JIg/lOO grams.

10. Individual to Contad: Dr. Michael J. Ostasz
Shellfish Coordinator. Seafood Program
Division of Environmental Health
Stare of Alaska
Dimond Center
800 East Dimond Blvd.. Suite 3-455
Anchorage. Alaska 99515
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HARMFUL ALGAL BLOOMS IN THE UNITED STATES -1994

ALASKA

1. Location: Old Harbor (Kodiak Island), on west shore of Sitkalidak
Strait, 56 miles SW of Kodiak (57°12'15"N, 153°1S'OO"W).

2. Date of Occurrence: 29 May 1994

3. Effects: Two people i1l after consuming musseis from a beach at Old Harbor. Two of
the three people became ill while third person was unaffected. One person ate 10 raw and
3 cooked musseis. Symptoms developed within 1 hour of paresthesia, vomiting and
ataxia. following onset of dysphagia and respiratory arrest. Medivac to Kodiak Hospital
with coarse ventricular fibrillation. Death occurrcd within 6 hours of consuming musseis.
Other person ate 4 er 5 cooked musseis and symptoms of tingling occurred in 1 hour.
Evacuated 10 hospital in Kodiak and released.

4. Management Action: Press release and State of Alaska via Emergency Powers closed
beach 10 harvesting.

S. Causative Species: Alexandrium.

6. Environment: No data.

7. Advected Population or In Situ Growth: Small beach area.

8. Previous Occurrences: Unknown.

9. Additional Comments: Musseis collected on 31 May 1994 had PSP levels of 19,418
J1g/100 grams (toxin levels highest ever recorded in the State of Alaska).

• 4

•
10. Individual to Contact: Dr. Michael J. Ostasz

Shellfish Coordinator. Seafood Program
Division of Environmental Health
State of Alaska
Dimond Center
800 East Dimond Blvd.. Suite 3-455
Anchorage, Alaska 99515
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ANNEX IV

REPORT OF THE MEETING ON THE ICES/IOC WORKSHOP OF
INTERCOMPARISON ON IN SITU GROWTH RATE

MEASUREMENTS (DINOFLAGELLATES)

Helsinki, Finland, 15 - 16 May, 1995
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1. OPENING TIIE MEETING

The meeting was opened by the chairman, Maria Antonia Sampayo. The participants (see Annex
1) were welcomed by the Kaisa Kononen from the Finninsh Institute of Marine Research, which hosted
the workshop.

1.1 Approval ofthe agenda and rapporteur

The agenda was approved by the meeting. Dr. Odd Lindahl was appointed as rapporteur.

1.2 The purpose of the meeting

The meeting was held according to Council Resolution 1994/2:49: I. The purpose was to report on
the workshop on the intercomparison study of in situ gro\\th rates of dinoflagellates "hich was held in
Averio, Portugal, 25 - 29 July 1994, in order to support the study ofharmful algal blooms. Good estimates
ofpopulation d)namies parameters, such as gro\\th rates, are essential to providing the means to quuntify
the detailed strueture and processes "hieh lead to a capability to model algal populations and bloom
development. During the meeting we were aware that most of the teehniques used have not been fully
developed for dinoflagellate gro\\th rate studies. We think that the obtained results are not adequate for
an ICES Co-operative Research Report as the methods need further development to fulfi1 the purpose to
measure in situ gro\\th rates ofHAB dinoflagellates.

2. SITE INFORMATION

2.1 Thc Ria de Aveiro system

Aveiro is situated 240 km north of Lisbon (N 400 38.5', W 80 44'). The Ria de Aveiro is a shallow
lagoon with a wet area of 43-47 km2

• The Lagoon has a eomplex topography with three main channcls
radiating from the mouth, several brunches, islunds and mudflats (Annex I, map I). Nutrient
eoneentrations from 1992 und 1993 were presented, clearly demonstrating that the Ria is eutrophie.
Organie pollution levels are high mainly from spring to autumn. Along its main ehannels and at some of
the mudflats there is un importunt bivalve molluscs exploitation, mainly Mytilus edulis, Cerastoderma
edule und Venerupis pullastra, whieh present almost yearly problems of PSP and DSP rc1ated \\ith the
presenee respectiviely of Gymnodinium catenatum and Dinophysis spp. From the ph)toplunkton
monitoring programme it was shO\m that a rieh variety of diatoms und dinoflagellates are generally found
in the aren. During this time Dinophysis cell numbers were low «1000 cellsl-I

) in the Ria, however, 1.8 ­
3.7~g OA/g hep. und DTX-2 were found in Mytilus edulis between 14 und 29 of July.

2.2 Logistics

The Aveiro laboratory was weIl equipped with the basie anal)1ical equipment which was needed for
the workshop as weIl as a helpful staff. Two research vessels were moored at fixed stations (Annex I, map
2) for the sampling und the incubation studies: RN MESTRE COSTEIRO (27 m) from Lisbon (IPIMAR)
at the mouth of the Ria and RN JOSE MARIA NAVAZ (14 m) from Vigo, Spain (IEO), in the
eommercial harbour. Two small boats were used for trunsfer between the laboratory and thc vesscls.

3. SUMMARIES

3.1 Enclosed water column measurement (E. Dahl and l\I.A. Sampayo)

In enclosed water eolumns the same waterbody including its orgunismns ean be studied over timc.
Ouring the first few days after enclosing a waterbody, the enclosure may represent a more or less natural
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ecosystem. The enclosures were plastic bags mounted on aluminium frames (Im in diameter) (Brockrnann
et al. 1977). Five experiments/fillings were performed (see Section 4.2).

Dinophysis acuminata increased in numbers during the first day after enclosure, \\;th approximate
growth rates of 0.1-0.2 divisons per day. Bowever, \\hen the entire experimental period (3-7 days) was
considered D.acuminata showcd negative gro\\th rates, as did another prevalent dinoflagellate, Ceratium
/usus. Two other dinoflagellates, llelgolandinium subglobossum and Prorocentmm micans prevalent in
the bags showcd variable gro\\th rates according to the cell counts. Even ifthe concentrations ofthe other
Dinophysis species were too low to obtain gro\\th data one got the general impression that the
heterotrophic spccies, Dinophysis rotundata , showcd some"hat better survival in the bags than other
Dinophysis spp during the experiment. The addition of nutrients (nitrate, phosphate and iron) did not
stimulate gro\\th of Dinophysis spp. during the follO\\'ing two days, while ph)10plankton biomass
mcasured as chlorophyll increased significantly during the same period.

Accompanying diatoms in all the bags were mainly Leptocylindms danicus, T7zalassionema
nitzschioidcs, Pseudonitzschia sp., T7zalassiosira spp. and Asterionella glacilis. Their chlorophyIl content
per cell decreased until nutrients wcrc added to the bags. Aftcr the addition of nutrients the chloroplasts
recovercd and the diatom population looked healthier, and Leptocykindms danicus increased in numbers.
Togethcr \\;th the immcdiate increase in chlorophyll biomass after addition of nutrients this indicates
nutrient limitation during the first four days of the experiment. The macro-nutrient concentrations during
this initial pcriod wcre, howcver, rather high (Tablc 17) and could hardly havc been physiologically
limiting to algal gro\\th. During the cxperiment, encystment of different species of dinoflagcllates was
recorded. This supports the impression that the gro\\th conditions in the bags were unfavorable to
dinoflagellates.

3.2 RNA and ONA l\Ieasurements as Indicators of Growth Rate (0.1\1. Anderson and 0.1\1. Kulis)

.4
Given the potential utility of RNA:DNA ratios and DNA measurements as indicators of gro\\th or

physiological condition, an approach was pursued during this workshop to obtain simultaneous
measurements of RNA and DNA in the same cell (see Section 4.7). The approach that was pursued
involved doublc-Iabc1ing of cells with DNA-specific stains, used in conjunction with fluorescently-Iabeled
ribosomal RNA probcs. The latter are short segments of s)nthetic DNA designed to bind to the rRNA of
target organisms. Since rRNA represents thc vast majority oftotal RNA (Kcmp et al., 1993), this provides
a useful cstimate of the RNA content in a cell and avoids the dificulty of finding a stain for total RNA that
does not bind to DNA (DanZinkie\\;cz et al., 1987). In an ideal case, the rRNA probe can be species­
specific, and thus scrve two purposes: identifying the targct species and simultaneously quantifying its
rRNA. With respect to Dinophysis, and the vast majority of dinoflagellates, no species- or genus-specific •
rRNA probes yet exist, so a "universal" probe (Giovannoni et al., 1988) timt binds to rRNA of all
organisms was used instead. Discrimination of the species or genus of interest was thus to be based on
the bright orange phycOel)1herin fluorescence of Dinophysis, in combination with size information from
90° or forward angle light scattcr measurements dctcrmined by flow c)tometry. Since it was not knO\m
whether simultaneous RNA and DNA measurements would bc possible for individual dinoflagellate
spccics within a mixed assemblage, a "fall-back" position was to mensure DNA content alone and to use
the distributions of cells passing through mitosis to ca1culate gro\\1h rate (e.g. Carpenter and Chang,
1988).

No grO\\th rate measuremcnts wcre obtaincd in this sub-project, although techniques were deve10ped
which could have led to estimates of llelgolandinium subglobosum grO\\th rate had there been sufficient
interest in that organism to justify the expense and time. Reasons for the lack of results inc1ude the
following:

- Cells of Dinophysis species were not abundant. Bad they been more numerous, their distinetive orange
fluoresccnce from phycoef)thrin pigments would hare bcen used as a distinguishing character to identify
cells for which RNA and DNA per cell \\'ould be measured. Instead, it was necessal)' to use chlorophyll
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content, size, and labeling intensity (using fluorescent lectins) to distinguish alternative dinoflagellate
species such as H. subglobosum. Given the need to preserve chlorophyll content as a marker, an untested
preservation technique was employed that \\'as ultimately foimd to degrade ribosomal RNA or to inhibit
its labeling.

- An antibody that was supposed to label only Prorocentnlm micans (another alternative species for
study) cross reacted with numerous other ph)toplankton in the Aviero sampIes. This made it impossible
to distinguish that species from other organisms, so automated detection of RNA and DNA was again not
possible.

- A procedure was developed which allowed llelgolandinium cells to be identified using a fluorescent
lectin, in conjunction with size information and chlorophyll content, all determined using the flow
cytometer. It was then possible to measure the DNA per cell distribution for cells of that species in a
sanlple, and theoretically at least, to calculate gro\\th rate using the mitotic index method ofCarpenter and
Chang (1988). This approach was not pursued further, however, because H. subglobosum was not a
species that other participants were investigating, and becauseoftime and money constraints for the many
flow cytometric analyses required. Furthermore, the separation of llelgolandinium species using lectin
labeling needed further verification.

Several condusions are suggested by this sub-projecl:

1. The teclmique of using either RNA:DNA ratios, or RNA or DNA content alone as indicators of
grO\\th rate or physiological condition remains an attractive option timt deserves further study.

2. These methods are likely to be automated using a flow c)tometer, and thus should be focused on
species \\hieh can be distinguished optically using either distinctive size and pigment characteristics,
or which Can be labeled \\;th species-specific probes. Development of such probes for Dinophysis
specics and other HAB organisms should continue to be a high priority.

3. Preservation methods must be carefully considered, and several different fixatives used on aliquots
of the same sampIes, in order to adequatcly preserve nudeic acids and other identification characters
such as pigments.

4. Methods must also bc developed to concentratc target dinoflagellates when they are present in low
concentrations, while simultaneously removing co-occurring diatoms and other unwanted organisms.
As with most other methods being evaluated for in situ gro\\th rate measurements, low cell
abundance is a serious constraint.

3.3 Calculations of in situ growth rates from fractions of ceIls undergoing mitosis (I. Bravo, E.
Garces and B. Reguera)

The frequency of cells \\;th paired nudei, paired cells and just divided cells (50%, i.e., those missing
the lower suleal list) of Dinophysis cfacuminata were monitored during 36 hours in integrated net haul
sampIes (0-1 Om) to estimate the in si/u specific gro\\th rate (Il) applying a mitotic index approach (sec
Section 4.6). Sampling frequency was more intense (every half an hour) during the time ofthe day when
cellular division was suspected to take place.

Concentration of Dinophysis in the samplcs was vcry low and combined with high concentration of
diatoms and detritus. Therefore, it was not possible to observe the amount of cells necessary for an
accurate determination of ~l • A rough estimation of Il (0.13 day'\ the first day, 0.21 day\ the second,
equivalent to 0.19 and 0.3 div.day -I respectively) was obtained by applying the equation of Vaulot
(1992) were the calculation ofTDis not required. TDcalculated as twice the distance (h) between the peaks
of maximum frequency of paired-nuclei cells and just divided cells was 5.0 ± Ih. The division rate are

, '
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eomparable \\ith those obtained in mesoeosm bags during the first eouple of days. Some prcliminary
results and eonclusions follow:

1. Fixation of the net haul slurry with cold methanol and further storage of the sampIes in the deep
freeze gave the best results for posterior staining of the eells \\ith the DNA-speeifie fluorochrome
DAPI and examination ofthe nuclei by epifluoreseent microscopy.

2. Enumeration of paired nuclei cells in Dinophysis cf acuminata has proven to be a very time
consuming task subjeet to a high percentage of error if cells are not individually tipped-over,
because the two nuclei are disposed parallel to each other and Can be interpreted as only one.

3. Induetion of sexuality, under vmous fonns of environmental stress, in a signifieant pereentage of
the population eould constitute an additional source of problems, that have not been tested \\ith this
species, because nuclear fusion eould be rnisinterpreted as nuclear fission.

4. Enumeration of recently divided daughter cells in Dinophysis is a much easier task as the absence
of the lower sulcallist is a conspicuous morphological feature.

5. The application of the mitotic index, based on morphological observations, is time consuming and
requires a significant knowledge of the cell cycle peculiarities and life history of each individual
species before applied routinely. Once this is achieved, a next step would be to try to automatize the
microscopic observations (i.e. image analysis). In species where there are still uncertainties about
their biology and life cycle, microscopic observations during cell cycle studies is essential if
progress is to be aehieved.

6. In field studies, the concentration of cells will always be a limiting factor if the accompanying
species can not be easily separated by sieving in a short period of time that does not interfere \\ith
the reproduction process.

7. It is possible that container effects started to manifest themselves in Dinophysis spp aner incubation
had proceeded more than 24 hand that the values from the first 24 h provide a better model ofwhat
was occurring in the unrestrained habitat.

3.4 Diffusion Chamber Method (i\1. Varela)

• 4

Estimation of gro\\th rates in enclosed natural populations were made aceording to the method of
Furnas (1991) that uses acrylic cylindrical chambers with Nitex mesh (1 ~lm) to elose the two ends for in
situ incubations during a variable period oftime. In this exereise, two chambers were carefully filled \\ith •
sampies taken with Niskin bottles at 0 and Sm, and moored at the same depths for 48 h incubation. We
made some modifications to the Furnas method by using a 20 ~lm mesh instead a mesh of 1 ~lm (see
Section 4.3).

All dinoflagellates species exhibited a drastic decrease in numbers, and high concentration of detritus
was observed aner 48h. It seems that the chambers acted as detritus traps tl13t prevented gro\\th, and
caused damage to the surviving cells, "hieh did not look very healthy. It is possible that some of the
smaller sized species, like Prorocentrum micans, were able to cross through the rneshes. It seerns that
the larger size mesh is not recommendable. This teclmique could be improved further if some previous
tests of the hydrod)nanlics of the area were to be perfonned with the same chanlber filled \\ith some dye,
e.g. rhodamine, that would allo\\' an estimate ofthe diffusion rate inside the chambers.

3.5 Single cell He uptake method (1\1. Varela, B: Reguera and I. Bravo)

This Illethod based on that Rivkin and Seliger (1981) and later modified by Graneli et al (1992)
eonsists of a typical 14C productivity incubation, using much higher concentrations ofradioactive earbon
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to make possible estimates of uptake in small numbers (25-50) of eells of a single speeies isolated by
miero manipulation after the ineubation period (see Seetion 4.5). It was planned to apply this teehnique
to Dinophysis ef acuminata, but the very low eoneentration of this speeies made it impossible, and
Prorocentrum micans was used instead.

The values of 14C fixation obtained at the two ineubation depths (0 and 5m) were extreme1y low,
indieating praetieally zero gro\\th. These values relate weil with those obtained in the diffusion ehamber.
Nevertheless, we have mentioned that the radioaetivity of P. micans cells was not measured immediately
after the incubation period. This was partly due to the fact that the same experts had to deal with several
techniques at once to cover for the absence of several key participants. Therefore, the weil rinsed
phytoplankton population was kept in a refrigerator, and the isolation of cells and measurement of
radioaetivity was carried out a few wecks later. The possibility of leakage of radioaetivity from P. micans
eells during this inten'al eannot be diseounted, and would have led to an underestimate of the real earbon
uptake.

4. TECIINIQUES, I\IEASUREMENTS AND RESULTS

4.1 Current meter measurements (P. Silva and J. Dias)

Instituto Hidrognifieo (Lisbone, Portugal) eollected eurrent meter data in two stations at Ria de
Aveiro (stations land 2) at three different levels in the water eolunm (1 m above the bottom, middle water
column depth and at 1m below the surfaee). The following results were aehieved:

Station 1 (near mouth ofRia de Aveiro):
1. The eurrents observed were highly related to oeean tidal wave, as cxpeeted.
2. The vc10city of the eurrent near the mouth was approximately eonstant in he vertieal axis, although

the values were greater near the surfaee. The maximum values oeeurred in ebb situations. The ebb
mean time was longer than the nood mean time, 5h 40 and 6h 30 respeetively.

3. The maximum veloeities were observed at intemlediate tide ( 2 h after the high and low tide), whieh
showed that the tidal wave in the Ria, at least near this loeation, was a mixture of a progressive and
stationary wave.

Station 2 (Commereial Harbour):
1. In nood situations the vcloeity eurrents had a signifieant value while in the ebb situations the vc10eity

was almost zero. This showed that the harbour eould be considered as a resen'oir that fi1led fast end
emptied slowly during the tidal eyc1e.

2. The eurrents were not eonstant in the vertieal axis; they were more intense near the surfaee and
decreased with depth.

4.2 Enclosed water column measuremen"ts (E. Dahl, I\1.A. Sampayo and 11. Cavaco)

INTRODUCTION

With the enclosed water eolumn method the same waterbody including its organisms ean be studied
over time. During the first few days after enclosing a waterbody the enclosure may represent a more or
less natural eeosystem, however, after this initial period the eonditions in the enc10sures may differ from
nature because important physical proeesses such as turbulence and advection are excluded from thc
enc1osures. Even then rate measurements after some days among speeies whieh have sun'ived the
enclosure eonditions may have some relevanee to nature.
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MATERIAL AND METHODS

The enclosures were plastie bags mounted on aluminium frames (Im in diameter, Brockmann et aI.
1977).

Table I: An overview of the enclosed water eolumn measurements.

Bagnumber Iniated
Filling ZoopI. Nutrients Numberof Terminated

technique removed added samplings

Bag I 22 Julv Pump Yes No 4 25th

Bag2 22 July Pump Yes on 27 July 12 29th

Bag3 24 Julv Pump No No 10 29th

Bag4 24 July Pump Yes on 27 Julv 10 29th

Bag I-lI 25 Julv Enclosure No on 27 Julv 9 29th

Five experiments/fillings were perfomled (Table I). All the bags were filled and placed in the
commercial harbour (Annex 2, map 2). The depth of the bags was aproximately 2m. \Vhen filled by
pumping, water from 2 m depth in the bay was pumped into the bags using a Pumpex GA 200. On 25 July
a natural water column was enclosed in Bag 1-11 by lowering the flattened plastie bag mounted on the
frame to 2m depth, and then enclosing the upper 2m water column by raising the bag to the surface.
Zooplankton was removed by sieving the water from the pump through a 140 ~lm mesh. On 27 July
nutrients (nitrate, phosphate and iron) were added to three bags (Table 1). Sanlpling in the bags was
carried out with a tube to obtain integrated sampIes. \Vhen the nutrients were added, the water in the bags
was mixed by raising and lowering a dise, this was repeated before the last three samplings.

Parameters measured in the bags during the experiment were nutrients (nitrate, nitrite, ammonium,
phosphate and silicate), chlorophyll and phaeopigments, particulate carbon and nitrogen, and
phytoplankton composition with emphasis on selected species. Ph)10plankton counting under the
microscope was performed by different persons after concentration by different methods e.g. filtration,
sedimentation and centrifugation (sec the results).

RESULTS

The results from counting of Dinophysis spp. on filters in microscope with epifiuorescence
attachment are shO\m in Tables 2 to 6 /Annex 2). From each sampling, two or three subsampIes of50 ml
were concentrated by filtration and counted. This method should theoretically detect concentrations of
Dinophysis spp. dO\m to 10 eells/I. Only D. acuminata was present in numbers high enough to get
indieative data on their concentration and gro\\th rates. In all bags cells of this species increased in
number during the first 24 hours, but showed negative gro\\th rates when the entire experimental period
was eonsidered. From data in Tables 2 to 6 during the first 24 hours of the experiment, the follo\\ing
growth rates for Dinophysis acuminata can be calculated according to the formula of Eppley and
Strickland (1968): .

k = 3.32 . ( log I\ -log no ) I ( t - to )

Bag no. Div.ldav

I 0.09

2 0.11

3. 0.23

4 0.40

I-lI 0.5-I.I

Il4
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k = gro\\th ratc as divisions per day (24 hours)
to and t = point oftimc for two different rileasurements of cell concentration (unit= days)
no and 1\ = the corresponding concentration of cells; log = loglo

Aller about 24 hours, however, the concentration of Dinophysis acuminala decreased in all bags.
Even if the concentrations of the other species of Dinophysis were too low to get data on gro\\th rates
from Table 2-6, one may get the general impression that the heterotrophie species, Dinophysis rolundala
, showed somewhat better survival in the bags than D.acuminala during the experiment. The addition of
nutfients (nitrate, phosphatc and iron) at 11.00 h on 27 July to bag 2, 4 and I-li did not stimulate gro\"th
of Dinophysis spp. during the following two days, whereas ph)toplankton biomass measured as
chlorophyll increased significantly during the same period.

The counting of Dinophysis acuminala in a Palmer Maloney (PM) chamber after concentration by
centrifugation (limit of resolution 50 cells/L) supported the impression of a negative gro\\th rate when the
entire experimental period was considered. Counting of other prevalent dinoflagellates from the bags in
a PM ehamber showed a negative gro\\th rate for Ceraliumjilsus and variable population gro\\th rates for
lle/go/andinium subg/ossum and Prorocenlntm micans (Annex 2,Tables 7 to 11).

Aecompanying diatoms in all the bags were mainly Leplocy/indnts danicus, TIw/assionema
nilzschioides, Pseudonilzschia sp., Thalassiosira spp. and Asterionella g/aci/is (Annex 2,Tables 12 to
16). Only Leplocy/indnts danicus showed a positivc gro\\1h rate. The content of chlorophyll per cell
decreascd until July 27 when nutrients were added to the bags. After the addition ofthe nutrients (Annex
2, Tables 12 to 16), the diatom population looked more healthy (increased pigmentation) and
Leptocy/indnts danicus in partieular increased in numbers. Together with the immediate increase of
chlorophyll biomass after addition of nutrients this indicates nutrient limitation during the first few days
of the experiment.

The macro-nutrient concentrations present during the first few days of the experiment were,
however, rather high (Annex 2, Table 17). Dissolved inorganic nitrogen (DIN), phosphorus (DIP) and
reactive silicate were in the range 1.5-5.5, 0.1-0.9 and 2.6-5.7Ilmolll respectively, and unlikely to have
been physiologically limiting to algal gro\\th. If nutricnts happened to be limiting, \"ould possibly be
micronutrients, for instance iron. The DINIDIP ratios in the bags were rather low, 3.4-9.9 (atomic ratios)
whieh indicated that nitrogen would become limiting before phosphorus.

During the experiment, eneystment of different species of dinoflagellates were recorded. This
supports the impression that gro\\th conditions in the bags were unfavorable to dinoflagellates. By the end
of the experiment the sediment in each bag was qualitativcly checked for the presenee of deposited algac,
and the prcliminary results revealed a rather strong sedimentation in the bags during the experiment,
espeeially of diatoms. Sub-samples of the sediments will also be carefully examined for dinoflagellate
cysts by Portuguese experts in cooperation with University of Oslo..

4.3 Diffusion ehamber method (1\1. Varela)

INTRODUCTION

Phytoplankton produetion is translated into population gro\\th through increases in cell numbers by
binary fission. General approaches have been taken to measure or, usuallY' estimate in si/u gro\\th rates
of ph)10plankton species or communities. One of these approaehes is to endose natural ph)toplankton
assemblages in containers that are incubated iJl si/u or in simulated in si/u conditions. The method used
here to estimate gro\\th rate of several dinoflagellate speeies, is based on that described by Furnas (1991).
Ineubation chambers made of c1ear acrylic plastic were fitted with Nitex mesh (20 11m) as the diffusion
membranes. The use of permeable bags in si/u has several advantages. The exponential grO\\th phase can
be extended for several days in natural waters, even when nutrient concentrations are "ery low. There is
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a gradual transition from exponential to the stationary gro\\th phase, whieh permits to measure most of
gro\\th rates lower than the maximum rate (Sakshaug, 1980).

MATERIAL AND METHODS

Sampling was carried out at a fixed station in the Ria de Aveiro (Annex 2, map 2) in the RN Jose
Maria Navaz. Sumples were taken \\ith Niskin boUles of 5 I volume capacity, at the surface (Om) and 5m
depth. A subsumpIe from each depth ( To sampIe) was inmediately preserved \\ith Lugol's iodine
solution for microscope counting, to estimate initial numbers of cells of different dinoflagellate species.
Another subsamplc was poured into the diffusion chamber and ineubated in si/u for 48 h (T48), after which
thc chamber contents were poured into a plastic boUle and preserved with Lugol's solution. SampIes for
microscope examination were kept in darkness until time of analysis. Six dinoflagellate species were
selected for estimating gro\\th rates from cell counts: Dinophysis aeuminata, D. aeuta, Helgolandinium
spp. Proroeentnl1n mieans, Ceratium [usus and C. tripos. Counts were performed on a Nikon inverted
microscope with Nomarski optics following the Utermöhl teclmique. At least 4 replicates were counted
for ea'ch sumple, and only healthy cells were taken into account. Daily gro\\th rates (Guillard, 1973) of
dinoflagellatc species werc calculated from differences in concentration between T48 and To.

RESULTS AND D1SCUSSION

Preliminary counts ofthe dinoflagellate populations at time zero (To) and after 48 h incubation (T48)

incubated at 0 and 5 m depth. showed timt all ph)toplankton specics exhibited a drastic decrease in
numbers. Table I summarizes the results ofcell counts and gro\\th rates for each taxon.

The content of the diffusion chamber included a vel)' high proportion of detritus that prevented
growth and caused danlage to the surviving cells that did not appear healthy. This was probably duc to
thc high content of detritus in Ria de Aveiro. Figures I and 2 (Annex 2) show thc initial (To) and final
(T48) cell concentration for thc six specics of selccted dinoflagellates. Results elearly show an important
decreasc in cell density for aU specics except for /lelgolandinium and D. aeuta at 5m. Thc decrease was
drumatic for P. mieans at surfacc sampIes and for C. [usus at 5m depth.

Table I. Gro\\th rates for selccted taxa ofdinoflagellates.

Taxa dcnth Tn cells 1.1 T J~I cells 1.1 lu (div. day·l)

P. mieans Om 7760 624 -1.82
P. mieans 5m 2304 760 -0.80

C. {iISUS Om 10592 3560 -0.79
C. {iISUS 5m 12700 980 -1.85

D. aeuminata Om 166 56 -0.78
D. aeuminata 5m 240 72 -0.87

C. tripos Om 464 120 -0.98
C. tripos 5m 270 70 -0.97

D. aeuta Om 64 40 -0.34
D. aeuta 5m 40 32 -0.16

lIe/f!,o/andinium spp Om 3660 1640 -0.58
lIe/f!,o/andinium spp 5m 18SO 1730 -0.06
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4.4 14C incubation method i/l si!u (0. Lindahl rind L. Davidsson).

INTRODUCTION

One of the purposes of the workshop was to compare the lOold" 14C-method with newly devc10ped
methods. The 14C-method is kno\m to give relativcly good estimates ofthe gross production ofthe whole
ph}toplankton community in the experimental bottle (Williams, 1993). Thus, in this workshop the
community growth rates were to be compared with growth rates of single species measured by both 14C_
uptake arid by other methods, obviously a dimcult task. However, according to existing regional data sets
on phytoplankton the summer ph}toplankton flora in the Ria de Aveiro is often dominated by a few
species. Therefore a comparison between community and single specks growth rates might be possible.
The 14C measurements were performed in the traditional way by taking water from different depths with
a water-bottle and incubating in a single glass bottle (125 ml) at each depth for 2 to 4 hours (BMB, 1976).
10 J-lCi of 14C was added to each bottle. Immediatcly after the incubation three paralleIl subsampies of
10 011 were transferred from of each bottle into ascintillation vial, then acidified and bubbled \\ith air for
15 minutes. The curbon uptake ofthe whole ph}toplankton community was thus measurcd.

14C-measurements in Si/li are time consuming and may introduce errors due to transfer ofwater from
different depths to the deck of the ship and then back again. In particular cells which are adapted to
darkness may be disturbed by this handling. To reduce this problem Dandonneau (1993) developed an
automated sampling and ineubation deviec \\hieh eloses whilc being lowered. This elosing system is
suitable for homogenous and elear waters. However, in coastal stratified waters with low visibility and
a high abundance of thin subsurface chlorophyll and production maxima, an in Si/li incubator should
contain water representative of a certain depth or a thin layer. An in Si/li incubator which should meet
these needs has been constructed (Lindahl and Haanler, unpub!.) and is still under devc1opment. This
incubator is similar to a small water-bottle made of aCI)'lie plastic and kept horizontal when deployed. The
c10sing is triggered by a small hydraulic plunger after approximately 5 minutes. 14C is added from a
s)Tinge after the incubator is elosed. After incubation the in si/li incubator and sampIe content are treated
like an ordinary 14C_bottle. Some parallel measurements were made with this in Si/li incubator.

RESULTS

Three measuremcnts on 26 July and one on 27 July were carried out at the station situatedjust inside
the channcl mouth of the Ria. Due to very strong tidal currents, the depth of sampling and incubation
chosen \\'erc not appropriate, and only thc snmples incubated elose to thc surface (0.5 01) were aceurate.

Day Time .... Chlorophyll a Prim. prod. 0.5 m ., ',' C11I.1Pp.

.e '.. .... Jlg}",1 .... mgC 1·I·h·I ....... _ ..., .. '" -"

26 08.15 um 11.6 128 10.8

. 11.10am 9.6 . 55 5.5

14.30 pm 15.1 ." 131 8.5

27 08.15 am no data 107 no data

Both thc chlorophyll a concentration and thc primury production were high, i.e. within a range
typical for an eutrophie area. There is no explanation other than patchiness to the variation in chlorophyll
and productivity among the different measurements. To amid thc strong currents at the channe1 mouth
an incubation was carried out at the raft with the bags during the afternoon on 27 July. One bottle was
incubated at each 0.5 m dO\m to 4 m depth . Light inhibition at the surface led to a maximum productivity
of 340 J-lgC 1.1h,l found at 0.5 01 depth (Annex 2, Figure 3). This was a very high valuc. Howevcr, at 2
01 depth the productivity was approximately 200 ~lgC 1·I·h,1 and at 4 rri Gust above bottom) a productivity
of 22 ~lgC I-I h·1was measured (as a comparison a high spring bloom valuc may reach 75 ~lgC 1-1 H and
high summer values are approximate1y 25 ~lgC I-I hol in Scandinavian coastal waters). \Vhen integrated

.. ~ . . "
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over depth the productivity was 699 mgC mo2 hol and the daily production was estimated by the light factor
method (BMB, 1976) as 7700 mgC m-2d- I

, which indicated that primal)' production was very high on this
occasion. Unfortunately, no chlorophyll sampies were taken during this day. The Secchi depth was 1.5
m when all primUl)' productivity measurements were made.A comparison ofthe results from the two sites
shows that the primary productivity at 1 m depth was almost three times as large in the commercial
harbour as at the channel mouth.

4.5 Single cell 14C uptake method (1\1. Varela, B. Reguera and I. Bravo)

INTRODUCTION

PrimUl)' production experiments are carried out routinely to estimate gro\\th of total ph)toplankton
populations. However, this method can be used to measure grO\\th rates for individual species, if cells are
isolated from the rest ofph)toplunkton population and 14C uptake measured.

The method used here is based in that of Rivkin und Seliger (1981), later modified by Gruneli ef al.
(1992) to estimate gro\\1h rates of initial cells of dinoflagellate species. The purpose of the experiments
was to conduct a typical 14C productivity incubation, in chambers of sufficient size that cells are not
disturbed. In the present study, we measured gro\\1h rates of Prorocentmm micans in a station in Ria de
Aveiro. This species was one ofmost abundant dinoflagellates in the sunlples.

MATERlALS AND METHODS

Sampling was carried out at a fixed station in the Ria de Aveiro (Annex 2, map 2) in the RN Jose
Maria Navaz. Sampies were taken with Niskin bottles of 5 1 volume, at surface (0 m) und 5 m depth.
Polycarbonate bottles of approximately I I volume were used. Water sampIes from Om and 5m were
gently poured into these bottles. Two replicates sampies for each depth were inoculated with 14C at a
concentration of 1 ~lCi per ml. Innlediately after 14C \vas added und mixed, an aliquot was taken from
each bottle to measure the true activity added to the sampIes, und placed in a scintillation vial \\ith a 1 ml
of Carbo-sorb E, to avoid losses of radioactivity. After 24 h incubation, the sampies were poured through
a large sieve (130 ~lm) into a beaker. The material collected was then poured through a second 20 ~m

sievc, followed by at least 2 liters of filtered seawater, to rinse away residual inorgunic 14C. The sieve
contcnts were washed into a small tube, which was placed in a beaker on ice in a cooler and kept in
darkness.

Subsampies werc taken from this suspension and placed on slides for cell isolation. Cells were
washed thoroughly through transfers to drops of filtered seawater before placing them into scintillation
vials, whilc noting thc exact number of cells isolated. Around 50 cells were isolated into each vial to yield
statistically valid observations. As controls 50 sampies of background water (i.e. no cells) approximately
equal in volumc to the amount inc1uded \vith each cell isolated werc prepared. Controls were also placed
in scintillation vials for counting. Two drops of 5% HCI werc added to each vial to remove all inorgunie
14C. Vials werc filled with 10 ml of Insta-gcl 11, and activity was measured with a Wallae 1409 Liquid
Scintillation Counter. To estimate gro\\1h rate, it is necessal)' to estimate the amount of carbon in P.
micans cells. Therefore, we cstimated the abundance of P. micans in sampies at 0 und 5m and the cell
dimensions were measured to estimate cell volumes. Cell volumes were converted into carbon content
using the cquations of Strathmann (1967).

RESULTS AND D1SCUSSION

Table I summarizes the results obtaincd in the single cell 14C uptake experiment. Initial cells density
was 7760 and 2034 cells. 1'\ for 0 and 5 m, respectively. The earbon content per cell, estimated from cell
volume was 921 and 915 pg C cells·1 for 0 and 5 m dcpth sampies. Thd 4 Cuptake after 24 h incubation
for both depths was very low.· Conscqucntly, the increase of biomass was minimal yielding a gro\\1h rate
of nearly zero.
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Table 1.- Cells. I-I, pg C ceIl-1, Initial biomass (mgC rri3
), 14 Cuptake after 24 h (mgC n13

), final biomass
after 24 h (mg C mo3) arid gro\\th rate Ül, doublings day·l) ofP. micans at 0 and 5 m depth.

depth cells I-I pg C cells'} Initial HC uptake Final
biomass . biomass J.l

Om 7760 921 7.15 0.05 7.20 0.010

5m 2034 915 2.12 0.02 2.14 0.014

Microscopic examination of sampIes showed very high densities of ph)toplankton. Bacteria and
micronagellates were very abundant. Under these conditions it is possible that 14C activity measured was
not only the result of a direct uptake of P. micans but a consequence of associated material (bacteria,
nagellates....) attached to the cell wall. The low values of 14C uptake relate weil to those obtained in the
diffusion chambers, where a strong decline in the P. micans population was observed after 24 h.

4.6 Calculation of in si/li growth rates from the fraction of cells undergoing mitosis (I. Bravo, E.
Garces and B. Reguera)

INTRODUCTION

The main objective was to calculate the potential specifie gro\\th rate (J.l) of Dinophysis ef acimlinata
from the fraction of cells undergoing mitosis, i.e. the mitotie index method (MeDuff and Chisholm, 1982;
Vaulot, 1992). D. cf acuminata is the main agent of DSP outbreaks in the west coast of the Ibedan
Peninsula (Galicia, Portugal), where it usually proliferates in several pulses between spring and autumn,
but concentrations are highly variable and determined mainly by tidal and upwelling regimes.

During the development of the intercomparison exercise in Ria de Aveiro, the ph)10plankton
community was composed mainly of a thick biomass of diatoms, and there was a high amount of detritus
that rendered observation of the sampies a difficult task. DinoOagellate concentrations were moderate to
low. Cells of Dinophysis spp were not abundant (300-1000 cells/l), and there were suggestions about
focussing the effort on other species. The most abundant dinonagellates were Ceratium fusus,
Helgolandinium sp., and Prorocentmm micans. C. ji/sus was judged to be unsuitable by some participants
because it has shape an inappropriate for Oow c)tometry measurements. Helgolandinium sp was
identified in the sampIes after thecal plate examination during the exercise. Nevertheless, when examining
the whole ph}toplankton population this specks can be easHy confused \\ith Protoperidinium spp.
Furthermore, it does not show any remarkable morphological features that allows the recognition of
daughter cells after c)tokinesis. For P. micans, only one ofthe two daughter cells exhibits the apical spine,
a morphological character quite difficult to distinguish under the light microscope with field populations.
The main reason this species was rejected as a candidate for the application of the mitotie index was
bccause of its heart-shaped and permanently split nucleus. Besides that, in the course ofcell eycle studics
with eultures of P. micans. Bhaud et al (1988) have shO\m that under environmcntal stress, a vcl)' high
proportion of the population exhibits a double nucleus that is the product, not of vegetative division, but
of sexual rcproduction. These binucleated cells ure morphologically indistinguishable from vegetative
cells. In the case of Dinophysis spp. previous observations in field populations ( Reguera ct al, 1995)
suggest that potential gametes and cells undergoing sexual reproduction usually comprise a very small
pereentagc ofthe population (Iess than 5%), but we can not discount the possibility that at certain times
of the growth season and under certain hydrographie constraints this proportion might be much higher,
as has been reported by MacKenzie in New Zealand (1992). Nevertheless, in the ease of Dinophysis spp
there seems to be an anisogamous sexual conjugation, and the "small cells" can be easily distinguished
from normal vegetative cells.

Although the numbcr of cells examined were eleady unsufficient for statistically reliable
determination of ~l, the observations on Dinophysis cf acuminata would providc valuablc descriptivc
information and a rough estimation ofthe spccific gro\\th rate during the two eycles. This information can
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be used to encourage discussion with the other participants on the technical problems encountered during
in si/u studies of areal "species of interest" for many ph)10planktologists and aquaculturists all over the
world.

METHODS

Sampies were collected within aperiod of 36 h by means of vertical hauls of a 20 J-lM plankton net
in the upper 10m. Frequency of sampling was every two hours from noon to 8.00 pm, every hour from
8.00 pm to 6.00 am and even every halfhour between 6.00 am and 10 am, the period when the phased
division is expected, and when the processes of C)tokinesis and sucallist regeneration can take place quite
rapidly. The net hauls were screened through a 150 J-lm sieve to eliminate large zooplankton, the effluent
rinsed through a 20 ~IM mesh to concentrate the microph)10plankton, and the slurry obtained resuspended
in cold methanol. This fixed material was kcpt in the dccp frceze until stained. For observation of the
nuclei by epiOuorescent microscopy, subsampies of the methanol-fixed material were centrifuged in
Eppendorf vials 5 min at 10000 rpm, the supematant was aspirated away and the pellets were stained with
the DNA -specific Ouorochrome DAPI at a final conccntration of I J-lg.ml·) and kept in the refrigerator for
at least 24 h.

Frequencies ofpaired-nuclei, paired cells and recently divided cells (only the cells missing the lower
sulcallist) were plotted against time to estimate division time (Td), and division rates based on the mitotic
index approach. The division time of Dinophysis populations was calculated from the distance (time)
between the peak of paired nuclei cells and the peak of recently divided cells multiplied by two, following
the description of Carpenter and Chang (1988).

RESULTS AND D1SCUSSION

Figure 4 (Alillex 2) shO\vs the distribution of frequencies (percentage over the total) of dividing (4A,
4C) and half the number of recently divided cells (4B, 4D) (only those missing the lower sulcallist). In
some sampies, the abundance of Dinophysis was so low that only a few cells wcre detectcd afier
examining threc aliquots (the exanlination of one aliquot oficn took more than one hour under the
epiOuorescent microseope). These results, then, are very unaccurate, but we can extract some qualitative
information, and give some rough estimations of J-lmin following the equation of Vaulot (1992):

J-lmin = l/lday . In (1 +frnaJ

(fmax = maximum frequency ofof dividing cells; ~lmin = minimum gro\\1h rate).

As it has already been observed in other Dinophysis populations from the Mediterrancan coast of
Spain (Dclgado ct al., 1995; Garces et al., in prcp.) and from the Galician rias (Reguera et al, 1995),
division is in phase and takes place during a defined window of time that can vary in different locations,
seasons and hydrographie conditions. In the case of Ria de Aveiro, the window for nuclear division was
between 3.30 and 8.00 GMT. The maximum frequency ofjust divided cells in Aveiro appeared both days
at 7.30 (in the Galician rias with hourly intervals for sampling in early June it was between 6.00 and 7.00,
n=IOOO).

The peak frequency ofbinucleated cells at 4.00 on the second day (fig. IC) is very unreliable because
of the low number of cells observed ( n= 16). If we assurne timt the peak is in the middle of the plateau of
this figure, i .e. at 5.30 (n=157 in that sampIe), as a very rough estimate we can calculate a distance of
about 2-3 hours bet",een the peaks of maximum frequenc)' of paired nuclei and maximum frequency of
reccntly divided cells. Thcreforc, we can give an aproximate value of T0 (Tpaired + Trecent) of 5.0 ± 1
h. Division time of Dinophysis sacculus in Mediterranean coastal waters was estimated as 6h, from 3.00
to 9.00 h (GMT) (Garces et al, in prep.).
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Because we sampled eveI)' 0.5 h during this critical interval, the duration ofmitosis is far greater than
the interval during which the increase in frequency of dividing cells occurs. Maximum frequency of
recently divided cells on the second day (fig. 4D) was 0.24. We noted that the observation ofpaired nuclei
in Dinophysis can have a high percentage of eITor. Quite often in lateral vie\v there seenls to be only one
nucleus, but in frontal (girdle) view, two paralell nuclei can be seen. The observations are extremely time
consuming if it is necessary to shift the orientation of each cell. Observation of cells exhibiting only the
upper sulcallist is much easier, less subject to eITors and subjective differences, and is more rc1iable when
trying to cstimate maximum frequency of cells that have gone through mitosis. ATlOther detail worth
mentioning is that paired cells, just before C)10kinesis, cun be easily seen shortly beforethe appearance
of recently diVided cells if the sampIes are gently munipulated. The link between daughter cells of D.
acuminata seems to be very labile, und is largc1y destroyed \\ith centrifugation prior staining. Given the
above comments, and if we apply the approach of Vaulot (1992), we can give an approximate vahle of
~lmin of 0.13 the first day and 0.21 the second day of the exercise.

. .
4.7 RNA and DNA l\1easurements as Indicators of Growth Rate (D.l\1. Anderson and D.l\1. Kulis)

INTRODUCTION

RNA and DNA measurements cun be used in different ways to obtain estimates of ph)10plankton
growth rates. For example, the ratio of RNA:DNA is used extensively in studies of fish, fish larvae, und
other larger marine organisms as an indicator of physiological condition. The concept has been cxplorcd
for marine bactcria (Delongct a1., 1989) und ph)10plankton (Dortch et a1., 1983). For some of these
micro-orgunisms, it is c1car that thc ratio varies systematically \\ith gro\\1h rate (c.g. Dortch et a1., 1983;
DeLong et a1., 1989). Neverthc1ess, considerable work remains, especially with micro-organisms, to
determine whether the environinental variables that limit gro\\1h affect the ratio in different \vays (Dortch
ct al., 1985; Berdalet ct a1., 1992, 1994).

With respcct to toxic or harmful (ÜnoOagellatcs, rclativc1y little is krlO\\TI about the utility of the
RNA:DNA ratio as an indicator of physiological condition or grO\\th rate. One of the objectivcs of this
subproject within the workshop was to investigate how this ratio might vary in a Dinophysis population.
Another potentially useful measurement would be of DNA alone, as sho\\TI by Chang rind Carpenter in
aseries of papers (Chang and Carpenter 1988, 1991, 1994; Carpenter and Chang 1988). For this
techniquc, DNA-specific stains are used to quuntify the amount of DNA in individual cells thrOligh time,
which can then be used to estimate gro\\th rate using the mitotic index approach (McDuff arid Chisholm
1982; Weiler and Chisholm 1976).

Given the potential utility of RNA:DNA ratios and DNA measurements by themsclves, an approach
was pursued during this workshop to obtain both types of data. In order to obtain simultaneous
measurements of RNA arid DNA in the same cell, double-labcling with DNA-specific stains (7-AAD,
propidiurn iodide, DAPI, or Hoechst) were used in conjlinction \\ith Ouorescently-Iabc1ed ribosomal RNA
probes. The latter are short segments of s)nthetic DNA designed to bind to the rRNA oftarget organisms.
Since rRNA represents the vast majority oftotal RNA (Kemp et al., 1993), this provides a useful cstimate
of the RNA content in a cell und avoids the problem of attempting to find a stain for total RNA that does
not bind to DNA and does not vaI)' stoichometerically duc to conformation of the rRNA (DanZ)nkie\\icz
et a1., 1987). In an ideal case, the rRNA probe can be species-specific, und thus sen'e two pUrP0ses:
identifying the target species and simultaneously quantifying its rRNA. With respect to Dinophysis, and
the vast majority of dinoOagellates, no species- or genus-specific rRNA probes yet exist, so a "universal"
probe (Giovannoni et a1., 1988) that binds to rRNA of all orgunisms was used instead. Identification of
the species or group of interest \\'as to be based on the bright orange phycoer)1henn Ouorescence of
Dinophysis, in combination with size information from 90° or forward angle light scatter measurements
from flow c)10metry. Since it is not koO\\TI whether simultarieous RNA and DNA measurements would
be possible for individual dinoOagellate species \\ithin a mixed assemblage, a fall-back position was to
measure DNA content alone and to use the distributions of cells passing thi-ough mitosis to calculate
grO\\th rate. Alternatively, if an organism other t1lan Dinophysis was to be analyzed for RNA:DNA or
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DNA alone, atlempts would be made to spccifically label the target organism using l1uorescently labeled
lectins (Costas et al. 1993), or to othcmise distinguish it using size and chlorophyll content.

METBODS

All experiments wcre conductcd in the Ria de Aveiro lagoon, Aveiro, Portugal, as described in the
introduetion to this report. For the RNA:DNA analysis, nonquantative, integrated plankton sampIes were
collected every two hours for 36 hours by lowering a 20 mM plankton net to within 2 meters ofthe botlom
of the water eolumn and raising it vertically twiee in sueeession. The sampIe was then sereened through
a 130 mM Nitex sieve and thc efflucnt was rinsed through a 20 mM sieve to eoneentrate dinol1agellate
speeics. Cclls wcre prescrvcd in 2.5% formaldehyde, and stored at 4°C in the dark until analysis.

For analysis, a I ml subsampIe was rcmovcd and rcsuspcnded in 3 ml filtered sea water. This
subsampIe was then passed through 80 and 35 Ilm Nitex sieves to further purify the sampIe. The 35-80
Ilm fraction was rcsuspcnded in approximately I Ilm filtered sea water, and the cell sluny injeeted through
a tubereulin syringe into 10 ml of ice cold methanol and stored at -20°C for several hours to facilitate
chlorophyll extraction. One ml of the subsampIe was eentrifuged at 2000 xg for 5 minutes, the
supernatant aspirated, and 0.5 mL hybridization buffer containing 5X SET (750 mM NaCI, 100 mM tris­
HCI,5 mM EDTA, pB 7.8), 0.1 mg/L polyadenylic acid, 0.1% Tergitol NP-40, 10% formamide was
addcd to the cell pcllet. The sampIe was prehybridized at 37°C for 30 minutes. 50 ~tl of a FITC conjugated
universal or negative shipwoml baetcrium control rRNA probe (final eone. 5 ng/l, Distel et al., 1991) were
added and the sampIe was incubated for an additional 2 hours at 37°C. The sampIe was then centrifuged
as deseribcd above and the cell pellet washcd in 0.2X SET buffer for 10 minutes at 37°C. Following the
wash, the sampIe was again ccntrifugcd, the supcmatant aspiratcd, and the hybridized pellet was
resuspendcd in 5X SET, and 5~tl of eaeh l1uorcsecntly labcled lectin was added. The lectins used were:
Coneanavalin A (Con A), Dolichos biflonls agglutinin (DBA), peanut agglutinin (PNA), Ricinus
communis agglutinin (RCAI20), soybean agglutinin (SBA), Vlex europaeus agglutinin I (UEA I), and
wheat germ agglutinin (WGA) (Vcetor laboratories Ine., Burlingame, CA). Con A was added at a
concentration of 67 mg/mI, whilc the other six Icetins were used at a eoneentration of 6.7 mg/mL. The
sampIes were allowed to ineubate in the dark for I hour at room temperature and then washed twiee \'.ith
1.5 mL 5X SET. 75 ml ofthe DNA speeifie stain, 7-AAD (7-aminoaetinomyein D, 50 mg/mI, Moleeular
Probes Ine., Eugcne, OR) was thcn addcd and the sampIes analyzed on an Epies 110w e)tometer to
quantitate the rRNA and DNA l1uorescenee.

RESULTS

.~

Duc to the low numbers of Dinophysis cneountered in theAveiro sampIes, effort was focused on two •
dinol1agellate species that were eonsiderably more abundant: llelgolandinium subglobosum and
Prorocentrum micans. The first attcmpt was to focus the study on Prorocentnml, as a polyclonal antibody
targeting its cell surfaee proteins was availabJe to label and idcntify these eells (Vrieling 1993). However,
problcms with cross reaetivity of this antibody to other ph)toplankton speeies were quiekly apparent,
precluding use ofthis teehnique for speeics identifieation (L. Peperzak pers. eomnl.).

llelgolandinium subglobosum, a large, round, thceate dinol1agellate, approximately 45 Ilm in
diameter was therefore the only remaining study organism. Post-eolleetion size fraetionation of the
plankton samplcs yieldcd a relativcly pure sampIe of llelgolandinium. Sinee llelgolandinium has neithcr
the charaetcristie phyeoc1)therin autol1uorcsecnee of Dinophysis, nor a speeies-speeific antibody probe,
an attempt was made to find a Icetin whieh only labeled this speeies. A suite of seven leetins were initially
sercencd to dctcrmine if one or more of them ,,"ere speeific towards extraeellular sugars of
llclgolandinium.

Examination of thc Icetin-trcatcd samplcs by l1uorcsecnec microscopy revealcd that all had an
affinity for llclgolandinium as wcll as thc majority ofthe plankton in the sampIe, including Prorocentnlm.
Thc labc1ing intcnsity was, howcvcr, Icss intcnsc in /lelgolandinium than that in similarly sized eells of
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other species in the processed sampIe. In effect, the labc1ing worked in reverse .- the target species was
detectable duc to its lack of intensc labc1ing fluorescence. This phcnomenon was especially true for thc
lectin Con A, which was sc1ected as the label of choice. The combination of reduced lectin staining of thc
cel1 surface, cell size information (as measured by forward angle light scaUer on the flow c)tometer) and
residual chlorophyll autofluorescence was used to distinguish this dinoflagellate from the rest of the
sampIe population. (Annex 2, Figure 5A,B,C,D) Even though chlorophyll was extracted prior to analysis
by methanol in the fixation procedure, this process is not completely efficient. Consequently, residual
chlorophyl1 signal could still be used as a marker to hc1p distinguish llelgolandinillm from the rest ofthe
population. The "ast majority of the other ph)toplankton cells in the sanle size range were heterotrophie
and had no chlorophyll autofluorescence.

After the Helgolandinillm population had been identified using the flow e)tometer, a sampIe labeled
with Con A and 7-AAD was analyzed. A broad DNA distribution ofthis gated population was obtained,
but to accurately access which of the peaks represent cells in GI, S, or G2+M eell eyc1es stages, further
analysis of the time series sanlples would be required. This information, integrated with cell density and
photoperiod data could then be used to establish when the cells werc undergoing division, as indicated by
an elevated percentage of Sand G2 +M phase cells. At this stage, analysis of the sampIes was terminated
for reasons given below.

DISCUSSION

Cell Preservalion

This project highlighted the nced for further research on which method of cell preservation and
storage best retains rRNA in ph)toplankton eells. Ongoing experiments suggest that a quick formalin
fixation followed by low temperaturc stomge in methanol is a suitable choice. Howcvcr, storagc of thc
cel1 pellct in methanol extracts most ofthe chlorophyll-a, a pigment that can bc useful in the identification
of the target organism. Phycoel)thrin, thc dominant pigment in Dinophysis is not affected by this
preservation method. As samples were being taken during thc workshop, it was realized that Dinophysis
concentrations in thc Ria dc Avciro lagoon werc quitc low, and werc predicted to remain low throughout
the study. Thc decision was thus made to preservc the sanlples in formalin without methanol extraction,
in order to preservc ch1orophyll-a as an idcntification chamcter for thc autotrophie plankton.

In retrospect, this was a bad dccision, as RNA analysis proved to be impossible given the manner
in which the cells were preserved. Wc now believe that formalin preservation followed by long term
storagc at 4°C in the dark either dcstroys rRNA or renders it inaccessible by excessive cross-linking of
proteins and alk..ylation of amino groups of bases in single-stranded nuc1eic acids (Keller and Manak,
1989).

Species Idenlijica/ion

A specific set of unique chamcteristics for species identification is aprerequisite for an automated
approach to enunlerating ph)topJankton and determining their physiological properties. Traditionally,
lcctins, antibodies, or nuc1eie acid probes have been uscd as specific markers for cell identification. In
this study, thc distinctive size and pigmentation of Dinophysis was to be used as as the distinguishing
marker for this group of organisms. Due to a shortage of this cells of this genus in the lagoon, howevcr,
Prorocenlnlm was the next choice. Identification ofthis spccics was to be accomplished using an antibody
to P. micans, but it was tcstcd and found to cross react with other ph)toplankton.

The final option was to usc Icctins to diITerentially label thc dinoflagcllates in the sampIes. The
fluorcsccntly labe1ed lectin, concanavalin A provided an indirect method to distinguish Helgolandinillm
from the rest of the plankton in the sampIe. By utilizing the reduced fluorescent signal of this lectin on
llelgolandinium as comparcd to other cells of similar size, this organism could be distinguishcd from the
other ph)toplankton. Once a unique identifying chamcteristic for an organism is determined, it was then

." ... '. ':,
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necessary to concentrate it and eliminate as many of the co-oeeurring organisms as possible, sinee the
uItimate objeetive was to use Oow c)tometry in the analyses. Simple size fractionation by washing the
sampIe through an appropriate1y sized series of Nitex sieves was the means by ",hieh this was easHy
aecomplished.

Dual Labeling

In this study, the outer cell surfaee of Helgolandinium was labeled with an FITC-eonjugated lectin
and the nuc1eus stained \\ith the DNA-speeific Ouorochrome 7-AAD. An important consideration ",hen
using multiple fluorescent probes in the sanle eell is the possible interferenee the fluroehromes may have
on one another. This eoneern may be minimized by seleeting fluors ",hieh are speetrally separated, such
as FlTC and 7-AAD, and by understanding ",hieh membranes or organelles the probes are targeting.' For
instanee, in the toxie dinoflagellate Alexandrium fundyense. an rRNA probe eonjugated with FITC could
not be detected ",hen the nuc1eus was simultaneously stained with propidium iodide. Presumably the FITC
emission (",hich has a wavelength maximum of about 520 nm) is quenched by the propidium iodide in
the nuc1eus (",hieh is maximally exeited by 535 nm light). If, however, the FITC labeled rRNA probe was
used in eombination ",ith the nuc1ear stain 7-AAD, ",hieh has an exeitation maximum of approximately
550 nm, the two fluroehromes are both detectable. Even though the emission of FITC ean and probably
does exeite the 7-AAD in the nuc1eus, only a very small amount of the emission is quenehed (unpub.
data).

Growth Rate Afeasurements

Bad Dinophysis been present in high numbers, plankton sampIes would have been preserved in a
quick fix of formalin, followed by storage in ice-cold methanol. In the absence of abundant Dinophysis,
the decision was made to preserve sampIes so that chlorophyll could be used as a character for
identification on the flow c)tometer. Subsequent to this decision, wc learned that the rRNA in these
samplcs was either destroyed or rendered inaccessible duc to this preservation method, prec1uding the use
ofRNA:DNA ratios for analysis.

It would be still possible, however, to pursuc the mitotic index approach (Chang and Carpenter 1988,
1991, 1994) on Helgolandinium spp by other workshop participants. Furthermore, this is still, as yet, an
unproven method of automated species identification ",hich needs to be verified by studies \\:hich would
prove that only the target Helgolandinium cells and none of the other organisms in the sampIe are inc1uded
in the population analyzed on the flow c)tometer.

Future Considerations

Unantieipated problems were eneountered in the attempts to analyze RNA:DNA ratios in speeifie
dinoflagellate speeies. Some ofthese have been remedied and others will eontinue to bc investigated. Most
importantly, it remains to bc seen ",hether the approach of simultaneously quantifying RNA using an
rRNA probe and DNA using a DNA-speeifie fluor ",ilI providc useful infornlation on gro\\1h rate or
physiologieal eondition. Thc ratio alone does not provide a gro\\1h rate estimate. It is either neeessary to
ealibrate a target organism using laborator)' eultures, or to use the patterns of rRNA or DNA analysis to
infer a division rate.

In addition to speeifie methodologieal obstac1es, there were several aspeets of this study that eould
be improved upon so that future workshops on the intereomparison of gro\\th rate measurements eould
have a better chance of sueeess. Some of these are:

- Choose a field loeation \\here Dinophysis or the intcndcd study organism has a prcdictablc rceord
of high population densities, without elc"ated abundanees of other eo-oecuring ph)-toplankton
speeies. This would allow for easier sampIe preparation, and more reliable data due to fewer
intcrfering organisms.
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- Have laboratory cultures available that are growing at knmm rates, which could theri be used by all
partieipants as controls to confirm the measurements made by euch of the teehniques under study.
Without this, the growth rates measured in the field ,viii always be suspeet evcn though there may
be agreement between methods.

- CoUeet sufficient biomass and store it in several difTerent ways to aUow methods to be attempted that
might not have been antieipated at the start ofthe study.

- Overall, the ambitious goal of obtaining in situ growth rates for s single dinoIlageUate speeics in a
mixed assembalge were not achieved in this project or in others that were attempted during the
workshop. As methods development eontinues on this important issue, and as workers realize the
changes in proeedures that are needed to avoid the problems eneountered during the first workshop,
it should be possible to eonduet a more sueeessful, seeond interealibration exercise int he near future.

4.8 DNtVPCNA cell cycle method (E. Carpenter and S. Lin).

We measured growth rates ofph)toplankton using a eell eycle teclmique. Basically, we obtained the
growth rate by sampling the ph)toplankton at 2 hr intervals over a 24 h period, then detemlining the
pereentage of eells "hieh are dividing. From this information and a dctermination of the length (duration)
of the division phase ( or some other "terminal event"), growth rate was eaIculated. A terminal event is
defined as a marker oceurring at the end of the cell division cycle. It can be a microseopie observation of
the number of paired eells, a measure of cells with 2x DNA or the presenee of a ehemical "hieh might
only be present at one stage ofthe eell cycle or some other,type ofobservation. We used two methods for
determining the percent whieh will divide, DNA and PCNA.

For the DNA teclmiquc, we colleeted ph)toplankton and presen'ed them in methanol. The methanol
sen'es to remO\'e photos)TIthetie pigments whieh might fluoresee and also presen'cs the cells. Next we
added the DNA- specifie fluorochrome DAPI. DAPI fluoreseenee is proportionalto DNA content, and
we measure DNA in single cells using a TV-eomputer-based microseope system. Aller the DNA content
of about 300 cells of aselected speeies is saved on the computer, we ean plot a histogram of the DNA
profile of the population. By examining profiles at 2 hr inten'als through the day we can see how the
population progresses through the cell division cycle. Equations ure then used to deeonvolute the
histograms and extraet eaeh ofthe eell eycle phases: G, S, G2+M. The G, S, ~+M phases ure used as the
"terminal event" and we eaIculate gro"th rate by eompadng those whieh are dividing (with a "terminal
event") w;th those that ure not.

Sinee the above method is time eonsuming and involves a lot of expensive equipment, we have
developed an antibody method to substitute as the "terminal evcnt". The presenee ofthe cell cycle protein
PCNA (proliferating eell nuclear antigen), a cyclin compound is used as the event. Allthat is required is
to add fluorescentlabeled antibodies to PCNA to a sampIe and then to visuaUy exanline the sampIe using
a standard epilluoreseence microseope, This way, the investigator can visually examine the species
eomposition of the whole ph)toplankton population and obtain growth ratcs for all speeies. SampIe
colleetion and formulas for determining growth rates are identical to that used for the DNA method.

No results were aehieved due to defieient sampIes eonsen'ation.

4.9 Monoclonal antibodies, species specific diel DNA measurements and bioassay (L. Peperzak)

METHODS

1. Collcction of Dinophysis spp, to be used for the production of monoclonal antibodies (Vrieling ct
al, 1994).
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2. 48 hours of sarnpling for flowc)tornetric species and DNA rneasurements. Sampies will be labelIed
with 41 spccies specifie label and 41 DNA dye. The specics label will triggcr the f.e.rn. that will then
mcasure the amount of DNA present. Gro\\th rates ean thcn be calculatcd with the Carpenter-cell
cycle method (Chang and Carpcntcr, 1988). (Spccics labels: Proroccntmm micans, Alcxandrium
tamarcnsc, Pscudonitzschia pungcns j multiscrics).

3. Samplcs for bioassay experimcnt were ineubated in boUles that wcre moored in situ. The follO\\ing
additions were made: 1.) none, 2.) gro\\th factors, 3.) pH lowering, 4.) chelator, 5.) PEP-Si gro\\th
medium with extra vitamins, 6.) All (6 boUles in duplieatc). EfTects were measured as in vivo
chlorophyll fluorescense and eell (I'. micans, Dinophysis spp) concentration.

Because Dinophysts spp abundanee was low, there was no opportunity to colleet enough cells for
monochlonal antibody production. The 48 h sampling progranmle was redueed to 36 h. Two vertieal net
hauls were taken with 41 20 ~lm plankton nct at two stations. s.

RESULTS

It was calculatcd timt All and PEP-Si were signifieantly higher tIlan the rest (tested as 41 group).
Looking at 41 number of individual species however, the effects seem negligible. There is one exception:
the nunlber of Polykrikos schwartzii cysts is signifieantly higher in the bottles \\ith chelator added
(EDTA). The ineubation itself had a negativc effeet on the abundancc of P. micans, C. jilSUS and D.
acuminata. H. subglobosum inereased slightly in most boUles., The abundant diatom Lcptocylindms
incrcascd too in all boUlcs. All in all howevcr, these data cannot be'used for the calculation ofgro\\th rates
of dinoflagcllates. In a number of eases these would be negative, as lalready showcd during the workshop.

The conclusion for the measurement of in sitll gro\\th rates of (toxie) dinoflagellates is that
ineubations should be avoided; the dinoflagellates counted all performed worse then the diatoms. Maybe
some ofthese species ofph)toplankton are espeeially vulnerable to (long) boUle ineubations (Dinophysis
spp. versus Hclgolandinium). If gro\\th rates are relatively small this effect leads to net negative values
("death rates").

Sampling, fixing and determining some kind of temünal event (DNA eyc1e, PCNA, number of
dividing eells, ete.) to ealculate gro\\th rate secms thcrefore more prcferable than incubations. This may
perhaps also apply to short teml (hours) incubations

5. CONCLUSIONS AND RECO:\1I\IENDATIONS

1. Thc WG highlighted the availability of current mcthods for dctcrmining in silu gro\\th ratcs of HAB
speeies. Although signifieant progrcss in the comparison of algal gro\\th mcthods was achievcd,
some of the applicable tcchniques arc not yct full)' devcloped and cvaluated for dinoflagellates.
Givcn thc crueial importance of gro\\th rate estimatcs in understanding algal bloom d)narnies, we
propose the planning and convening of 41 second tcchnical workshop to bring this to completion. The
carly fall of 1996 is 41 possible target date.

2. The study site selected should have well-defined hydrographie eonditions and it would be
advantageous to utilise 41 mesocosm facility in order to reduce the complications which advection or
other physical processes may introduce.

3. The study site should host commonly occurring HAB species that can be cultured. Cultures will be
available prior to thc workshop for prcliminary studies and throughout the workshop as 41

complemcnt to the gro\\th rate mcasurcmcnts on the natural dinoflagellate community.
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4. We recommend that the workshop be locatcd at the Kristincberg Marine Research Station, situated
on the Swedish west coast, since the above important criteria, as well as laboratol)' facilities and
housing for the participants, can be provided there. .

5. During the intersessional period, we encourage investigations ",hich attempt to overcome
methodological difficulties identified in the first workshop. This should include work of cultures on
aselected set of HAB species. Careful co-ordination of tasks and responsibilities by a technical
planning committee appointed by the WG is necessary so that appropriate measurements are made
with optimal precision and accuracy.

6. One day of the 1996 ICES working group meeting on Harmful Algal B100m D)namics should be
devoted to detailed planning of the workshop. Key investigators should attend the Working Group
meeting.

7. Dr Odd Lindahl, Kristineberg Marine Research Station, should chair the workshop, including the
intersessional planning and preparation with the help of a planning committee.
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Annex 1.

Tables 2-6

Table 2. Occurrence 01 Dinophysis spp. (cells/I) and chlorophyll (J.lg/I) in bag 1

Date Time Hours D. acumlOata D. acuta D. caudala D. rOlundata D.lripos Chlorooh. Phaeoolo.
22 July 1800 0 1070 30 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 3.98 134

Table 3. Occurrence 01 Dinophysis spp. (cells/I) and chlorophyll (1'9/1) in ba9 2

Dale Time Hours D. acumlOala D. acuta D. caudala D rotundata D lrioos Chlorooh. Phaeoolo.
22 July 1800 0 1020 40 0 30 20 6.70 2.32
23 July )-200 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.l"8
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 (J.l9/1) in bag 3

Date Time Hours D. acumlOata D. acuta D. caudala D rOlundala D. Irioos Chlorooh. Phaeoolo
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 3.481
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. (cells/I) and chlorophyll (1'9/1) in ba9 4

Date Time Hours D. acumlOala D. acula O. caudata D. rOlundata D.lrlpos Chlorooh. Phaeoolo-,-
24 July 1000 0 820 80 0 50 0 7.16 2.26

25 July 1300 27 1120 20 0 70 30 11.03 2.50

26 July 700 45 670 120 0 50 10 5.68 2.~ 4

• 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

Table 6. Occurrence 01 Dinophysis spp. (cellsl1) and chlorophyll (1'9/1) in bag 1·11

Date Time Hours D. acumlnala D acula D. cauoata D rOlundala D. trIDOS Chiorooh. PhaeoolO
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 5.291 3.37

28 July 1200 65 870 70 0 40 0 22.33 6.00
29 July 1400 91 270 50 I) 30 10 19.80 3.36

-; :
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Table 7. Oeeurrenee ofmost abundant Dinot1agellates (cells/l) in Sag 1
Date Time Hours C. fusus H.subglobosum P. mieans

22-Jul 18:00 0 20000 1500 10000
23-Jul 12:00 18 20000 3000 11000
24-Jul 10:00 40 11000 10000 9000
25-Jul 13:00 63 10000 7500 18000

Table 8. Oeeurrenee of most abundant Dinoflagellates (ee1lsl1) in Sag 2
Date Time Hours C. fusus H.subglobosum P. micans

22-Jul 18:00 0 20000 1000 9000
23-Jul 12:00 18 20000 1500 9000
24-Jul 10:00 40 20000 5000 8000
25-Jul 13:00 63 13000 1000 12000
26-Jul 7:00 81 20000 3000 12000
26-Jul 19:00 93 13500 2000 9000
27-Jul 7:00 105 20000 7000 8000
27-Jul 14:00 112 14000 2000 17000
28-Jul 12:00 134 20000 4000 12500
29-Jul 14:00 160 14500 1000 20000

~e
Table 9. Oeeurrenee of most abundant Dinoflagellates (cellsll) in Sag 3

Date Time Hours C. fusus H.subglobosum P. micans
24-Jul 10:00 0 21000 6000 4000
25-Jul 13:00 27 20000 1000 5000
26-lul 7:00 45 20000 5000 7000
26-Jul 19:00 57 17000 10000 9000
27-Jul 7:00 69 20000· 10000 20000
27-Jul 14:00 . 76 21000 10300 14000
28-Jul 12:00 98 13000 14000 10000
29-Jul 14:00 124 12000 9000 8000

Table 10. Occurrence of most abundant Dinol1agellates (cells/l) in Bag 4
Date Time Hours C. fusus H.suoglooosum P. micans

24-Jul 10:00 0 20000 5000 4000
25-Jul 13:00 27 16000 3000 20000
26-Jul 7:00 45 14000 5000 9000
26-Jul 19:00 57 25000 7000 12000 e27-Jul 7:00 69 11000 7500 4000
27-Jul 14:00 76 10500 5000 10000
28-Jul 12:00 98 11500 10000 10000
29-Jul 14:00 124 30500 9500 27000

Tahle 11. Occurrence of most abundant Dinoflagellates (cells/l) in Bag 1-11
Date Time Hours C. fusus H.subglobosum P. micans

25-Jul 18:00 0 20000 2000 10000
26-Jul 7:00 13 21000 5000 11000
26-Jul 19:00 24 7000 7000 15000
27-Jul 7:00 36 10000 7000 12000
27-Jul 14:00 43 10000 5000 10000
28-Jul 12:00 65 13000 6500 20000

29-Jul 14:00 91 17000 8000 18500
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Table 12. Occurrence 01' most abundant Dia10ms (cells/ml) in Bag 1
Date Tirne Hours Lepto...J'liodrus danicu. Tha1assiosim 'pp

22-Ju!

23-Jul

24-Ju!

25-JuI

18:00

12:00

10:00

13:00

o
18

40

63

940

1930

2140

1930

50

140

SO

20

P.eudonitz.chia .pp

40

220

220

160

AsteriooeUa ~laciaii.

60

160

56

34

Tb. nitzschioides

270

180

140

20

Table 13. Occurrence 01' most abundant Diatoms (cells/m\) in Bag 2

Dale Tirne Hours Leptocyliodrus dani.:us 'Ihalassiosim 'pp Pseudonitzsehia 'pp

22-Ju! 18:00 0 780 90 100

23-Ju! 12:00 18 2740 260 150

24-Jul 10:00 40 27SO 40 130

25-Ju! 13:00 63 1580 23.5 60

26-Ju! 7:00 81 2640 20 100

26-Ju! 19:00 93 1850 100 100

27-Jul 7:00 105 2120 2 90

27-Ju! 14:00 112 1470 10 120

23-Ju! 12:00 134 2440 6 130

29-Jul 14:00 160 2230 8 100

Table 14. Occurrence of most abundant Diatoms (cells/ml) in Bag 3

Date Time Hours Leplocyliodl1l8 danicus Tha1assi08Ua "PP Pseudonitzs.:hia "PP

AsteriooeUa ~laciali.

270

140

80

17

30

8

5

AsteriooeUa ~laciali.

Tb.nitzsehioide.

60

130

120

40

20

60

90

10

20

100

Thnitzsehioides

24-Ju!

25-Ju!

26-Ju!

26-Jul

27-JuI

27-Ju!

23-Ju!

29-Ju!

10:00

13:00

7:00

19:00

7:00

14:00

12:00

t4:00

o
27

45

57

69

76

98

124

1040

3190

SOSO

2980

3520

3810

2990

2660

12

12

40

38

32

30

23.5

27

50

90

220

160

80

140

90

120

100

65

36

28

20

10

2

5

50

100

310

9R

130

200

137

140

Table 15 Occurrence of most abundant Diatoms (cellsl~l) in Bag 4

Date Time Hours Leptocylindnl8 daoicus lhlIasaiosim .pp Pseudoaitzsehia .pp

24-Ju! 10:00 0 1640 37 90

25-Ju! 13:00 27 3920 40 90

26-Ju! 7:00 45 3720 SO 220

26-Ju! 19:00 57 3250 20 140

27-Ju! 7:00 69 2040 18 70

27-JuI 14:00 76 3130 20 100

2S-Ju! 12:00 98 51SO 19 110

29-Ju! 14:00 124 3210 20 110

Table 16 Occurrence ofmost abundant Diatoms (cells/ml) in Bag 1-11

Date Time Hours LeptocyliDInIs daDicus Tha1assiosim 'pp Pseudooitzschia 'pp

25-Jul 18:00 0 1930 40 210

26-Ju! 7:00 13 3740 54 230

26-JuI 19:00 24 3210 39 300

27-Ju! 7:00 36 4570 60 170

27-Ju! 14:00 43 2740 30 90

23-JuI 12:00 65 2830 23.5 70

29-Jul 14:00 91 3720 20 SO

137

AsteriooeIIa 8lacialis

3

23

70

8

6

5

6

AsteriooeUa glaciali.

54

65

90

130

SO

29

31

Thnitzsehioides

100

290

290

210

90

40

83

70

Tb. nitzsehioides

313

425.5

500.5

443.5

245

212
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Table 17. Nutrients inside the Bags

Nutrients in Bag 1 ( uatgll)

Date N03 N02 Si02 P04 NH4
23 0.5 0.05 3.3 0.53 1.27
24 0.6 0.03 2.6 0.45 1.38

Nutrients in Bag 2 ( uatg/ll

Date N03 N02 Si02 P04 NH4
23 0.9 0.04 4 0.45 1.31
24 0.4 0.03 2.6 0.47 1.13
26 1.3 0.01 2.6 0.18 0.47

27 01hOO 0.8 0.01 6.1 0.5 1.26
27 13hOO >20.0 0.02 3.1 >4.00 1.53

28 >20.0 0.04 3.2 >4.00 0.91
29 >20,0 0.06 3.6 >4.00 0.72

e ~
Nutrients in Bag 3 ( uatgll)

Date N03 N02 Si02 P04 NH4
24 1.3 0.02 3.4 0.72 2.99
26 1.1 0.01 2.6 0.39 0.4

2707hOO 4.8 0.01 0.1 0.1 <0.50
27 13hOO 4 0.01 4.6 0.39 1.54

28 3 0.02 1.7 0.58 0.65
29 7.3 0.04 3.5 0.73 0.61

Nutrients in Sag 4 ( uatgll)

Date N03 N02 Si02 P04 NH4
24 1.5 0.03 4.1 0.88 3.7
26 1 0.03 5.7 0.6 1.17

27 07hOO 0.9 0.01 0.6 0.13 <0.50 e27 13hOO >20.0 0.02 3.7 >4.00 1.54
28 >20.0 0.06 2.5 >4.00 0.99
29 >20.0 0.07 0.9 >4.00 0.62

Nutrients in Sag 1-11 ( uatg/l)

Date N03 N02 Si02 P04 NH4
25 2.2 0.03 5.4 0.87 1.87
26 1.1 0.03 4 0.51 1

27 07hOO 0.8 0.01 5 0.4 0.9
27 13hOO >20.0 0.02 5.5 >4.00 1.73

28 >20.0 0.03 6.8 >4.00 1.46
29 >20.0 0.05 4.9 >4.00 1.49
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Annex 2.

Figure 1.- Cell densities of D. acuminata, D. acuta and Helgo!andinium
spp at 0 m and 5 m 'depth, before (0 h) and after (48 h) incubation in the
diffusion chambcrs. .
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Figure 2.- Ccll densitics of P. micans, C. {usus and C. tripos at 0 m and 5
m dcpth, before (Q h) and after (48 h) incubation in the dif!usion chambers.
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Fig.S" FJow cytometric analysis ofHelgolalldillium subglobosum from the Ria de Aveiro
Jagoon sampies. Arrows in panels A, B, and C show the approximate location of the
Helgolalldillium population. A. Residual chlorophyll (red) fluorescence versus forward
angle light scatter (approximate cell size). B. Lectin Con A green (FlTC) fluorescence
versus forward angle light scatter. C. Ninety degree light scatter versus forward angle
light scatter. D. Isolation of the Helgolandinium population by gating on forward angle
light scatter and linear green (FITC) fluorescence and forward angle light scatter and
linear red fluorescence.
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