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Introduction to Flow Cytometry: Opportunities, Limitations & Challenges
Peter Burkill 

Southampton Oceanography Centre, Southhampton, UK


The talk, which serves as a primer to the more specialised talks that will follow, covers the development and application of analytical flow cytometry (AFC) in the marine sciences.  Since its introduction in 1983, the prime focus of marine AFC has been on the analysis of phytoplankton communities.  Since then, the generic nature of AFC has allowed it to be developed with a very broad range of applications centred on the study of particles in marine waters.  The range of particles that can be analysed varies from viruses through to larval fish and includes detritus.  As well as providing taxonomic analysis of particles, AFC can also address the cellular biochemistry of particles. Some biochemical properties, such as the type and concentration of photopigments, are readily amenable to analysis.  Other properties depend on application of probes, which are often molecular in nature, to address the physiological activities of organisms.  The power of AFC lies in its ability to rapidly generate quantitative data with high precision.  However despite this power, AFC can only be safely harnessed when suitable controls are available. In many cases, the lack of such controls presents strong limitations and challenges to working with AFC.

Flow Cytometry Technology: Overview 
George Dubelaar

Cytobuoy, Bodegraven, The Netherlands

Flow cytometers detect, analyze and count individual particles in a fluid as they are funneled in single file through a focussed laser  beam at high speed. 1,000 or more cells per second can be analyzed.  The captured optical signals from each detected particle are  digitized and listed into correlated data. Light scatter correlates  to particle size and cellular structures, whereas fluorescence,  probed in several emission bands relates to the amount of cellular  pigment and its composition.  It will be shown how basic aspects of  optics, fluidics and electronics make up the measuring technology,  and its performance, with emphasis on phytoplankton applications.  Some general technical developments will be discussed, as well as  some developments aiming at aquatic application and adapting the  technology to  aquatic sampling and monitoring conditions. 




Flow Cytometry: Laboratory and shipboard applications
G. A. Tarran 
Plymouth Marine Laboratory, Prospect Place, West Hoe, Plymouth, PL1 3DH. UK


Plankton are very important to the health of the seas and oceans, not only as the starting point of the food chain but as biological regulators of our climate through the use of carbon dioxide for photosynthesis and the production of climatically active gases These processes are carried out by the phytoplankton, the single celled plants living in seawater, which, although microscopic in size are responsible for activity on a scale comparable to that found in the terrestrial environment. Within the last 20 years flow cytometry, a technology designed originally for biomedical research and the diagnosis of human disease, has been used in marine research. Using flow cytometry, it is possible to analyse natural particle assemblages rapidly (>2000 particles s-1) by collecting multiple light scattering and fluorescence signals of individual particles as they pass a focused, high intensity light source. It is also possible to separate phytoplankton from other particles in seawater and to investigate their distributions and numbers in space and time. Further developments in flow cytometry have resulted in the discrimination of particular plankton groups including cyanobacteria, prochlorophytes, cryptophytes and coccolithophores from the phytoplankton, as well as other groups, such as bacteria and viruses  Flow cytometry is also being used in an ever increasing number of applications to investigate the grazing biology of protozoa and copepods and molluscs, to assess the toxicity of pollutants, such as antifouling paints and to verify other techniques such as remote sensing algorithms. Flow cytometry may also be used to monitor toxin producing nuisance algae that kill fish and shellfish and pose a threat to human health when they bloom. Fluorescently labelled genetic probes are now being widely developed to discriminate particular groups and even species of plankton from mixtures by flow cytometry. Flow cytometry is an exciting, and powerful tool for the analysis of single aquatic particles. Many applications towards monitoring the health of the seas and oceans are being used and further applications will be developed in the near future.

Data analysis aspects of flow cytometry 

Richard Jonker

AquaSense, The Netherlands

Data analysis is one of the crucial steps in successful use of flow cytometry, especially in aquatic applications. By nature, most of the classification of phytoplankton particles must be derived from quantitative measurements on autofluorescence and light scatter properties of cells. Since this type of information is correlated (e.g. size with chlorophyll content), a multi-parameter approach is necessary. This is in contrast to most other applications where the use of e.g. antibodies and DNA-stains makes classification a sometimes trivial task since classification can be based on the combined analysis of single parameters. The dynamic range of phytoplankton, from prokaryotes to large colonies of cells, is another complicating factor, as well as the large number of potentially present species in the sample. A general introduction will be given on data analysis of flow cytometry, with emphasis on multi-parameter analysis. The pathway of processing of optical signals will be addressed, followed by the approaches that can be used in data analysis of flow cytometry of phytoplankton. These approaches can be used in several strategies to use flow cytometry for analysis of phytoplankton. When intercomparison of data between various flow cytometers is required, or intercomparison with other techniques like pigment analysis or microscopy, this requires a good insight in the quantitative aspects of the measured parameters. On the other hand, objective criteria are needed to discern various subpopulations of cells in samples in order to quantify the various (groups of) species.

Flow Sorting in Aquatic Ecology
Marcus Reckermann

FTZ West Coast, Kiel, Germany 


The physical separation of individual particles in a fluid stream is a sophisticated extension of flow cytometry. Flow sorting has been successfully used to investigate the ecological and physiological properties of various algal and bacterial populations. Various examples will demonstrate the broad application spectrum of this technique ranging from sorting of unknown phytoplankton populations for microscopical identification or growing clonal cultures, to biotechnological applications. Technical aspects (different sorting methods) will be treated with emphasis on droplet sorting.

Optical properties of cells and colonies and their implications for flow cytometric signal analysis.

Alex Cunningham
University of Strathclyde, UK


In the simplest case, the optical signals which form the basis of flow cytometry are generated by the interaction of single particles with a Gaussian laser beam of known dimensions and wavelength.  The results of this interaction can be precisely calculated if the particle shape is a simple one, the geometry of the detecting systems is known, and fluorescence is derived from a flourophore of constant quantum yield.  In practice, most phytoplankton cells and colonies do not have simple shapes and their fluorescence is a complex function of pigment complement, absorption cross section and excitation intensity.  As a result, a wide variety of signals is observed and their information content and discriminatory capacity depends not only on the type of cells present but also on the configuration of the measuring instrument. This talk will describe the fundamental optical properties of single cells, the spectral cross sections and efficiencies for absorption and scattering and the scattering phase function, and consider the extent to which these properties have predictive value in practical flow cytometry.  It will also review the implications of our knowledge of phytoplankton optics for the design of flow cytometers specifically aimed at marine research, and consider how recent advances in optical technology could be exploited in a new generation of sea-going and submersible instrumentation.   

Single cell analysis of phytoplankton properties applying flow cytometry 

Marcel J.W. Veldhuis 
Netherlands Institute for Sea Research, Texel, Netherlands
 

During the past decade the analysis of particles in the aquatic ecosystems has changed dramatically. New technologies, and in particular flow cytometry, allow a downscaling of sample volume over several order of magnitude. At present a single cell can be sufficient for a detailed biochemical analysis. Despite its contribution to aquatic science and the fact that the number of flow cytometers has increased steady the past decade it is still far from a routine instrument.  At our institute several instruments are at hand which do cover the whole range of particle sizes from 0.1 µm up to 50 µm. This makes the machines suitable for viral, bacterial and phytoplankton research. Most commercial instruments are originally designed for qualitative purposes only. Several options to convert relative counts to cell densities, scatter signals to size, relative chlorophyll fluorescence to cellular chlorophyll concentration will be presented. In addition new approaches to estimate phytoplankton species diversity, cellular carbon and linking FCM with other methods like HPLC analysis of pigments will be discussed.  Next to measurements of cellular properties flow cytometry is a ideal tool to study a variety of physiological parameters. This will include cellular enzymes indicative of the general physiology of the cell but also the cell viability can be estimated in a real time mode. In particular cell viability is currently a major research topic since there is increasing evidence that automortality is a major loss component of the phytoplankton community next to grazing and sedimentation. A selection of examples will be given of application of FCM in phytoplankton research. This will include laboratory experiments as well as oceanographic studies in tropical and polar seas.

 Phytoplankton communities: regional-scale patterns 
WKW Li
Bedford Institute of Oceanography, Darthmouth, Canada
 

Statistical patterns of phytoplankton abundance and diversity at large  scales of space and time display shapes and boundaries that reflect  intrinsic or extrinsic constraints on variability.  To characterize these  patterns, there is a need for observations to number in the hundreds or  thousands.  In contrast to reductionistic approaches whereby a close-up view  is focused on local processes, it is possible to take a remote view whereby  idiosyncratic details are subsumed in favour of gross features.  Using a  dataset collected from 23 cruises in 13 years of research in 7  biogeochemical provinces of the North Atlantic comprising more than 8400  discrete flow cytometric measurements at 850 hydrographic stations, we  investigate the large-scale patterns of abundance, biovolume and cytometric  diversity in the picophytoplankton and the nanophytoplankton.  It emerges  that cytometric diversity of small phytoplankton is highest at intermediate  cell densities, representing a balance between low taxonomic evenness due to  numerical dominance by highly abundant cyanobacteria on the one hand, and  low taxonomic richness due to numerical sparseness of small phytoplankters  on the other hand.

ANNs for identification and classification
Colin Morris1, Arnaud Autret1 & Lynne Boddy2 
University of Glamorgan, Treforest, Wales, 2University of Wales, Cardiff, Wales, U.K. 


Artificial neural networks (ANNs) are a tool with great promise for automatic identification of biological taxa, since they can cope with partially contradictory ‘fuzzy’ data. Further, while it is not trivial to select and optimize ANNs, their implementation does not need a taxonomic expert beyond the original determinations of example patterns upon which the system is to be trained. We will explain how they work and how they can be developed for solving biological identification problems. ANNs are not rule based but learn/train from examples presented, hence it is not necessary to know the underlying distributions or relationships between parameters.  Essentially, there are two types of training – supervised and unsupervised.  With the former, data patterns of known identity are repeatedly presented to the ANN and, provided that the parameters measured are sufficiently discriminatory, the network will eventually be able successfully to identify taxa upon which it has been trained.  With unsupervised training, on the other hand, patterns are presented to the network and it forms its own groupings of the data.  The supervised approach is appropriate for making identifications, and the radial basis function (RBF) network has proved very successful for biological identification.  RBF ANNs train rapidly, make identifications rapidly and can reject taxa as unknown to the trained network. Support vector machines (SVMs) operate in a different way to RBF ANNs: effectively they discriminate one class from another. To discriminate n taxa, n SVMs (one for each taxon of interest) are combined. The idea of combining ANNs in a hierarchical fashion will be considered.

PP identification by ANN analysis of FC data
Lynne Boddy1 & Colin Morris2, 
1University of Wales, Cardiff, Wales, U.K. 2University of Glamorgan, Treforest, Wales, U.K. 


Artificial neural networks (ANNs) are ideal for analysing the vast quantities of non-normal data produced by AFC, and can make identifications in near real-time. The approach will be illustrated using flow cytometry data on over 70 important marine phytoplankton taxa. Pulse shape data will also be covered. Supervised ANNs (RBF), problems of overlapping character distributions, unbounded data sets, missing parameters, and estimating proportions will be considered. Scaling up to cover the many hundreds of species found in the world’s oceans is a non-trivial task; major progress towards this will be discussed, including rejection of unknown taxa, and combining ANNs trained to identify single species against a background of the rest. 

Clustering Approaches
Lynne Boddy1 & Colin Morris2, 
1University of Wales, Cardiff, Wales, U.K. 2University of Glamorgan, Treforest, Wales, U.K.


Classic clustering methods and fuzzy clustering will be mentioned. Possibilities for automatic cluster extraction will be briefly considered. The unsupervised Kohonen SOM is a useful neural clustering approach. It can be used for reducing dimensionality and revealing clusters in data sets, and can be used to aid obtaining training data from natural population samples.

Hands On' ANN Demo Session
Colin Morris1, Arnaud Autret1, Lynne Boddy2 & Michele Scardi3
1University of Glamorgan, Treforest, Wales, U.K. 2University of Wales, Cardiff, Wales, U.K. 3 University of Roma "Tor Vergata", Rome, Italy


A 'hands on' introduction to various ANN approaches will be given. These will include RBF ANNs and SVMs for identification, Kohonen maps for clustering and an ANN for modelling primary production.  The RBF ANN used is implemented within AimsNet is a Windows application that brings the power of ANNs to the analysis of AFC data. With AimsNet, the user constructs a connected structure of simple data processing modules to describe the desired data processing steps. Data flow from one module to the next via directional connections. The data, in either ASCII text or FCS 2.0 formats, are read from file by a data source module. Processed data are written back to disc by a data sink module, in either listmode or summary form. Data processing modules can be used to perform data rescaling, removal of parameters, re-ordination method (principal components analysis, canonical variate analysis), cluster analysis, and pattern recognition via radial basis function ANNs. AimsNet can analyse the results of processing to generate a summary output file, for example a misidentification matrix. Although powerful, AimsNet is designed to be easy to use, even by those with limited knowledge of ANNs. Support: CEC grant MAS3-CT97-0080. 

Neural network models of phytoplankton primary production: from local to global scale.

Michele Scardi
Dept. of Biology, University of Roma "Tor Vergata", Roma, Italy


Artificial neural networks have been successfully used to develop empirical models of phytoplankton primary production at different spatial scales, ranging from local to global ones. Different applications require different approaches, as they can exploit different predictive variables, but some general techniques for model development and optimization can be defined.  Some examples of neural network models of phytoplankton primary production will be presented and discussed in order to introduce those techniques, as well as to point out the advantages and the limits of the neural networks with respect to conventional modelling paradigms.  As the application of neural network models is often hindered by the limited amount of available data, some possible methods for overcoming this problem will be discussed. In particular, strategies for the integration of other sources of information (e.g. theoretical biological knowledge, existing models, etc.) into the neural network framework will be presented.

Application of Artifical Neural Networks (ANN’s) and Flow Cytometry to Natural Samples

Joachim Brenner1, Gunnar Gerdts2, Christian Hummert3, Georg Donner4, Nathalie Simon5, Christian Schütt2, Bernd Luckas3, Malte Elbrächter4, Linda K. Medlin6, Hans-Dieter Görtz1
1 Universität Stuttgart, Biologisches Institut, Abteilung Zoologie, Pfaffenwaldring 57, 70550 Stuttgart  2  BAH/ Stiftung AWI, Meeresmikrobiologie,  27498 Helgoland

3 Universität Jena, Institut für Ernährung und Umwelt, Lebensmittelkunde, Dornburger Str. 25, 07743 Jena  4 
BAH/ Stiftung AWI, Wattenmeerstation, Hafenstr. 43, 25992 List/Syl  5 Station Biologique F-29682 Roscoff, Cedex, France  6 Alfred-Wegener Institut für Polar- und Meeresforschung (AWI), Am Handelshafen 12, 27570 Bremerhaven

During several cruises with the research vessel HEINCKE (BAH/AWI, Helgoland, Germany) we were able to detect different species of dinoflagellates - causing algal blooms - by flow cytometry. In August 1996 we found an algal bloom of Gymnodinium mikimotoi at the Orkney Islands (Scotland). A distinct population was found in multiparametric dot-plots, where cell volume, side-scatter and fluorescence at two different wavelengths of living cells were measured after concentration of planktonic cells by reverse filtration.  During two further cruises in May 1997 and May 1998 we found toxic algal blooms at the east coast of Scotland and at the Orkney Islands. These blooms were caused by an saxitoxin producing species of Alexandrium tamarense. We detected these dinoflagellates in water samples by in-situ hybridization of 18SrRNA and 28SrRNA and flow cytometry. The population of Alexandrium tamarense in multiparametric dot-plots can be correlated with the saxitoxin concentration measured by HPLC. We were also able to show a correlation between cell concentration measured by flow cytometry and the cell concentration determined by the microscopic method of Utermöhl.  The flow cytometric data (list-mode) were also analysed automatically by a trained neural network (backpropagation) and compared with results from conventional gating, corresponding populations in 2D-dot-plots.  Our measurements and results of different dinoflagellates from algal blooms clearly show that it is possible to detect specific algae species and subspecies by in-situ hybridization with specific oligonucleotide probes and to quantify it in a flow cytometer. In combination with the automatic recognition of the dinoflagellates by a neural network this system is a further step towards automated analysis of planktonic organisms.  Supported by the German BMBF, TEPS-Project.

ANNs and coccolithophorids: The COGNIS system
P. S Quinn, J Bollmann, M. Vela, and H. R. Thierstein, 

Geological Institute, Swiss Federal Institute of Technology (ETHZ), Zurich, CH-8008, Switzerland

The isolated calcite plates of coccolithophorids (coccoliths) are a common component of marine sediments deposited during the last c. 200 million years and may be used to assign a geological date or interpret past climatic or oceanographic conditions. However, the analysis of coccoliths and other calcareous nannofossils from geological samples is very tedious and requires a great deal of expert knowledge. In order to speed up this process, we have developed two systems (SEM and transmitted light microscope), which apply neural networks to automatically captured two-dimensional grey-value images of fossil coccoliths. At the heart of both systems is the Windows-based COGNIS program, which was developed in-house. This offers the user full control to build, train and use neural networks for various different applications. An on-line classification option allows instant capture, identification and storage of coccolith images for further analysis. In tests with common Holocene coccolithophore taxa the best results have been achieved by training convolutional neural networks with pre-processed images (rotated and size-equalised). The COGNIS system will soon be applied to the analysis of coccoliths within a significant research project.

 Methodological Aspects of Fluorescence in situ Hybridization
Rudolf Amann, 
Max Planck Institute of Marine Microbiology, Bremen, Germany
 

The current status of fluorescence in situ hybridization (FISH) with 16S rRNA-targeted probes will be reviewed. The method has in the meanwhile found numerous applications including the identification and enumeration of prokaryotic populations in bacterioplankton. Still, however, the principal problems that need to be solved before a FISH assay is successfully applied have remained the same. These include e.g.: 

(i) Permeabilization of the cell envelope for free probe diffusion to the intracellular target molecules, mostly 16S rRNA, by a fixation protocol that preferentially also maintains the cell morphology.  (ii) A selection of the probe target site that takes into consideration that not all rRNA sites are equally accessible. In this respect, the predictive power of complete in situ accessibility maps of various microorganisms will be discussed. (iii) Low cellular ribosome content, as found in many environmental samples, automatically results in weak probe-conferred staining. Therefore, methods to increase the signal strength will be discussed together with the question of the currently optimal equipment. Depending on the samples of interest and the questions to be addressed advanced epifluorescence microscopes with optional image analysis, confocal laser scanning microscopes or flow cytometers may be the instruments of choice.

FIELD APPLICATION OF SANDWICH HYBRIDIZATION ASSAYS FOR ALEXANDRIUM IN THE GULF OF MAINE 
Donald M. Anderson1, Bruce A. Keafer1, Chris Scholin2, Roman Marin2 and L. Connell3 
1 Woods Hole Oceanographic Institution 2 Monterey Bay Aquarium Research Institute 
3 University of Maine 

Over the last several years, molecular probes for the identification and enumeration of HAB species have become more readily available, but field applications of these tools are not yet extensive.  Here we describe results of efforts to use large-subunit ribosomal RNA (LSU rRNA)-targeted oligonucleotide probes to enumerate toxic Alexandrium spp. populations in the Gulf of Maine in 2001 during several large-scale cruises.  One probe (NA-1) identifies the North American Alexandrium tamarense/fundyense/catenella ribotype and another (Ao) labels Alexandrium ostenfeldii. The probes were used in two formats ? a whole cell, fluorescent in situ hybridization format in which the cells treated with the two probes were enumerated microscopically, and a sandwich hybridization assay (SHA) (using only the NA-1 probe) on sample lysates treated in a bench-top processing unit.  Approximately 3000 samples were collected for cell counts, and many of these are being counted with both methods.  About two-thirds were analyzed during two cruises using two SHA processors running continuously, giving near-real time cell counts that could be mapped out and used to guide cruise activities.  With the whole cell format, a dual labeling procedure worked well to distinguish A. fundyense cells from A. ostenfeldii. The A. fundyense counts, however, agreed to a variable extent, with SHA analyses of the same samples.  In some stations and at some depths, agreement was excellent between the two methods, but for others, the SHA counts were 2-20X higher than the manual counts.  We hypothesized that this discrepancy was due to grazing, perhaps resulting in the incorporation of A. fundyense cells and/or rRNA in fecal pellets or other detritus that was detected by the SHA but not by the whole cell method. Laboratory experiments were run with the copepod Acartia tonsa, but in that instance, the agreement between the SHA and the whole cell counts was excellent, calling the grazing hypothesis into question.  Studies are underway to examine physiological or environmental influences on the SHA results.  Thus far, however, we cannot explain the discrepancy between the two enumeration methods.  The differences are significant, however, and raise important questions about what actually should be counted in research and monitoring programs attempting to enumerate a particular HAB species. 

The cell cycle method for phytoplankton growth studies
Erika Magaletti1, Senjie Lin2 & Edward J. Carpenter3
1 ICRAM, Rome, Italy, 2 Dep. Marine Sciences, Univ. of Connecticut, Groton CT, U.S.A., 3 Romberg Tiburon Center, San Francisco State University, Tiburon CA, U.S.A.


Knowledge of species specific growth rates of phytoplankton is crucial for understanding how phytoplankton interact with the environment and with each other and how seasonal succession is regulated. This is particularly needed when investigating blooms of toxic or nuisance species.The measurements of phytoplankton growth rates have challenged marine ecologists for a long time, and a new method has been recently developed for estimating growth status and growth rates of phytoplankton in situ.  The method is based on monitoring how fast a cell population passes through a certain phase of the cell cycle by using cell cycle-related proteins, such as PCNA (proliferating cell nuclear antigen), cyclins and cyclin-dependent kinases, as markers of a cell cycle phase or terminal event. Is has the advantage of not requiring bottle incubation, and is not affected by cell loss due to death or grazing. The basic theoretical principles of the cell cycle method and some applications on various phytoplankton species will be briefly discussed, with emphasis on the molecular study of cyclin-box in the brown tide causative organism, Aureococcus anophagefferens.

Use of antibody probes in phytoplankton research

Julie La Roche

Institut für Meereskunde in Kiel, Germany

This talk will present a general overview of the use of immunological probes in phytoplankton research, covering topics ranging from a review of the immune response, antibody molecule, standard immunoblotting and immunoassay techniques to specific examples of application in plankton research in recent years.  The last part of the talk will concentrate on an assessmenent of the potential uses of immunological techniques in phytoplankton research.  Finally, the advantages and disadvantages of immunological probes compared to nucleic acid probes will be discussed.

rRNA PROBES FOR IDENTIFICATION AND CHARACTERISATION OF MARINE PHYTOPLANKTON AT THE CLASS LEVEL

Linda K. Medlin and René Groben

AWI, Bremerhaven, Germany


A fast and reliable identification of nano- and picoplankton by light microscopy is often difficult because of the lack of usable morphological characteristics, whereas EM and biochemical methods are very time consuming.  Identification of algae also requires a great deal of taxonomic expertise so that false positives are not recorded. One solution is to use taxon specific rRNA probes. For this purpose we designed rRNA probes for phytoplankton taxa, including algae. These probes were either labelled with Digoxigenin and used in dot blot experiments, or labelled with fluorochromes and used in FISH hybridisation or flow cytometric detection. Specific probes could be used over a broad taxonomic range from class i.e., all dinoflagellates) to species level (i.e., Prorocentrum difficult lima). Algae have a myriad of shapes and types of cell walls, thus making it to obtain a broad spectrum hybiridsation protocol that fits to all cells.  Nevertheless by adapting an existing protocol published by Scholin et al (1988) we have produced a protocol that can be used with nearly all cell types and eliminates autofluorescence. By using class level probes we are able to assess the biodiversity of oceanic samples at a very broad level.  These can easily be adapted to microarrays for a rapid through put of samples.

TSA ENHANCEMENT OF FLUORESCENT IN SITU HYBRIDISATION : AN APPLICATION TO THE IDENTIFICATION AND THE LOCALISATION OF BACTERIA CLOSELY ASSOCIATED WITH DINOFLAGELLATES

Isabelle C. Biegala 1, Gabrielle Kennaway2, Elsa Alverca3, Jean-François Lennon1, Daniel Vaulot1 and Nathalie Simon1,

1 Station Biologique de Roscoff, CNRS UMR 7127, BP 74, 29682 Roscoff cedex, France,  2 University of Westminster, School of Biosciences, 115 New Cavendish Street, London W1M 8JS, United Kingdom 3 National Institute of Health Dr. Ricardo Jorge, LME, Av. Padre Cruz, 1649-016 Lisboa cedex, Portugal

The association between phytoplankton and bacterioplankton has been hypothesised to be involved in the toxicity of the dinoflagellate species Alexandrium. However, the methods, which have been used so far to identify and localise bacteria associated with phytoplankton, are either destructive or time consuming. In the present study we propose to combine TSA-FISH (Tyramide Signal Amplification – Fluorescent In Situ Hybridisation) with confocal microscopy to determine the physical association of bacteria with dinoflagellate cells. Bacteria attached to dinoflagellates were successfully identify with TSA-FISH, while FISH using FITC labelled probes failed to detect bacteria, because of dinoflagellate autofluorescence. In addition, the contribution of specific bacterial taxa of attached microflora could be assessed by double hybridisation of general and group specific probes. Intracellular bacteria were not observed in either toxic or non-toxic strains of Alexandrium spp. In contrast endocytoplasmic and endonuclear bacteria were successfully identified in the non thecate dinoflagellate Gyrodinium instriatum and were shown to belong mainly to beta-proteobacteria. Hypothesis concerning the reason for such association are presented. TSA enhancement of FISH prove to be a useful technique for rapid identification of bacteria physically associated with dinoflagellates and more generally for rapid identification of small photosynthetic cells.

Development of clade-specific 16S rDNA oligonucleotides for use in assessing the spatial and temporal dynamics of community structure in the photosynthetic picoplankton genera Synechococcus and Prochlorococcus
D.J.  Scanlan, N.J. Fuller, N.J. West, K. Orcutt, R. Hastings, and A.F. Post*, 

Dept. of Biological Sciences, University of Warwick, Coventry, CV4 7AL, UK, *H. Steinitz Marine Biol. Lab., InterUniversity Institute for Marine Science, Coral Beach, P.O. Box 469, 88103 Eilat, Israel. 

Development of clade-specific 16S rDNA oligonucleotides for use in assessing the spatial and temporal dynamics of community structure in the photosynthetic picoplankton genera Synechococcus and Prochlorococcus  Genotype-specific oligonucleotide probes based on 16S rDNA have been designed which target several of the major marine Prochlorococcus and Synechococcus lineages. These probes are being used to determine the spatial and temporal dynamics of these picophytoplankton over a calendar year at Station A in the northern Red Sea, as well as at other coastal localities in Europe, the latter as part of the EU PICODIV project. Dot blot hybridisation analysis, clone library construction and fluorescent in situ hybridisation (FISH) data of genotype distributions are being correlated with physical and nutritional properties of the water column to identify the niches of specific ecotypes.  Dot-blot hybridisation and FISH analysis - using a tyramide signal amplification system (West et al., 2001) - of Prochlorococcus ecotypes in the Red Sea showed a remarkable dominance of a specific high light (HL) adapted genotype. Even during stratification, this HLII genotype was dominant throughout the water column down to 100 m and was about five times as abundant as the low-light (LL) genotype which was observed in significant numbers only below 60m. LL genotypes became abundant only at depth during late August and September and were never found in surface waters in stratified water columns – probably due to the light sensitivity of these strains. The slow northerly water current flow of deeper waters in the Red Sea may explain the relative movement and seeding of these low light populations into the Gulf only towards the late summer/early autumn since transport of these genotypes in the faster moving surface waters will result in photoinhibition and cell death.  The Synechococcus population at Station A, Red Sea during 1999, was dominated by genotypes representative of a single clade (the RS9910 cluster), though noteworthy was a transient ‘bloom’ of the RS9901/16 ecotype in April 1999. Other clades (e.g. SynWH8103, SynWH7803, SynMinos11, SynRS9901, SynRS9918) were minor components of the Synechococcus population throughout the sampling period. This is notable since strains WH8103 and WH7803 represent widely used laboratory Synechococcus isolates, and at least at Station A they do not appear to be abundant genotypes. Moreover, phycocyanin (PC)-rich strains represented by the SynRS9918 clade were relatively easily isolated into culture but again represented a minor component of the Synechococcus population in situ. Such molecular ecological analyses of the Synechococcus community highlight the need to isolate into culture dominant genotypes if laboratory based studies are to have ecological relevance. The clade-specific probes developed here then, will be integral to determining the precise niches occupied by specific Synechococcus and Prochlorococcus genotypes. Moreover, since specific ecotypes may well have very different cell-specific C fixation rates (Moore et al., 1998) a knowledge of the dynamics of picophytoplankton community structure is critical to accurate depth-integrated productivity estimates of these important marine photoautotrophs.

References:  Moore, L.R., et al., (1998). Nature 393, 464-467.  West, N.J., et al., (2001). Microbiology 147, 1731-1744.

Hierarchical Probes for Characterization of Phytoplankton

René Groben & Linda K. Medlin 

AWI, Bremerhaven, Germany


Molecular probes, based on specific regions of the 18S or 28S rRNA, are a powerful tool for the identification and characterization of phytoplankton species and strains. The use of more or less conserved regions of these molecules for probe design makes it possible to develop a hierarchy of probes from higher group- down to species- or even strain-level. Samples can be analysed by application of class-level probes first, followed by subsequent hybridization to only corresponding clade-, genus-, species- and strain-level probes. This is especially useful when analysing cells in field samples or otherwise unknown phytoplankton to determine its taxonomical affiliation as it reduces the number of necessary hybridization experiments. In addition, hierarchical probes serve as a control for the correct identification by lower-level probes, as it is a requirement that, i.e., an unknown organism that gives positive signals with an Alexandrium tamarense-specific probe must also show hybridization to the Eukaryote- and Dinoflagellate-specific probes and not to a Chlorophyte-specific one.  A broad spectrum of hierarchical probes is already available, from those covering all important phytoplankton classes, over different taxonomic clades that can be found in phylogenetic trees, down to probes for ecological and economical important species and strains. The use of these probes for the identification and characterization of species and the analysis of field samples is demonstrated and discussed.

Probes and DNA Chip Terchology – Macro and micro views
 K. Kerkmann, 

AWI, Bremerhaven, Germany


DNA microarray technology provides a tool that allows the parallel analysis of large numbers of molecular probes. Currently there exist DNA-chips with numbers of probes as high as 100.000 spots/cm2.  The application of such DNA-chips for the cultivation-independent analysis concerning the biodiversity of phyto-plankton-samples would save a lot of time in comparison to other  well established technologies e.g. dot-blots. Therefore we are currently developing a DNA-microarray-based method for the high throughput analysis of phyto-plankton-communities. DNA-chips have been developed  by spotting probes targeting the 18S-rDNA of six different phytoplankton-classes. In preliminary experiments it was possible to detect specific and some unspecific hybridization-signals with PCR-products from nine different species hybridized  to the DNA-Chips. Species level probes were used for the development of an early warning system for use with a hand-held DNA microchip reader with electrochemical detection with a sandwich hybridsation. Results from field trials show excellent correlation with cell numbers and with total RNA content from laboratory cultures.  Shelf life and stability of the microchips has been tested through 5 months and offer our prototype excellent possibilities for marketing.  The hand-held device is ca. 25 Euros and the disposable microchip is 2.50 Euros.  Theoretically, upto 400 probes can be spotted on the chip with the specificity of the chip determined by the signal probe.  It would be conceivable to custom design the chip to cater to local HAB needs.




SHORT  TALKS

Marine phytoplankton viruses - ecology, physiology and host virus interactions interactions
Aud Larsen, Runar Thyrhaug, Ruth-Anne Sandaa, Tonje Castberg, Corina Brussaard, Anita Jacobsen, Stephan Jacquet, Mikal Heldal, T. Frede Thingstad, Gunnar Bratbak
University of Bergen, Bergen, Norway


The overall aim of our investigations has been to understand the ecological significance of phytoplankton viruses in marine ecosystems. We have isolated and characterized viruses infectious to both bloom-forming (e.g. Emiliania huxleyi) and non bloom-forming (e.g. Chrysochromulina ericina, Pyramimonas orientalis) phytoplankton species. Most of them are large dsDNA viruses and have several properties suggesting they belong to the Phycodnaviridae. The various host virus systems have further been used in laboratory experiments designed to increase our understanding of possible factors that may regulate the viral activity. Viral production in some host-virus systems depends on the host's cell cycle, and that an algal population under viral attack acquires a viral resistance that prevents host extinction and enables the host to coexist with the virus. Ecological implications of our results will be discussed.  We have applied flow cytometry (FCM) and pulsed field gel electrophoresis (PFGE), which has recently been developed for use in aquatic viral ecology, to study the abundance and diversity of algal viruses in mesocosms and natural marine ecosystems. We also investigated the effect viral activity exert on the remaining microbial community. Our results suggest a close linkage between algal, viral and bacterial populations and they demonstrate how algal viruses can regulate algal populations by terminating blooms or keep the populations at non-blooming levels.

Analysis of marine viruses by flow cytometry. 

D. Marie1, C.P. Brussaard2, R. Thyrhaug3, G. Bratbak3 And D. Vaulot1
1 Station Biologique, CNRS, INSU et Université Pierre et Marie Curie, BP 74, 29682 Roscoff cx, France, 2 The Netherlands Institute for Sea Research PO Box 59, NL-1790 AB Den Burg, Texel, The Netherlands, 3 Department of Microbiology, University of Bergen, N-5020 Bergen, Norway


Recently, improvements in flow cytometric techniques as well as the development of new fluorescent chemicals have allowed the detection of very small particles such as viruses. Viruses are abundant and active component of aquatic ecosystems and flow cytometry could contribute to the knowledge of the distribution and the dynamic of viruses in oceanic environments.  Algal viruses were first enumerated in solution in both cultures and natural samples.  Counts obtained by flow cytometry were successfully compared to counts obtained by epifluorescence and electron microscopy. In oceanic waters, viruses are found from the surface layer and down to several thousand meters. Two populations are usually observed, one could be infectious to the eukaryotic plankton, and the other to the prokaryotic fraction. Flow cytometry also allows to detect virus-infected cells and quantify virus-induced mortality. In particular, we have been able to analyze cellular changes following virus infection in the phytoplankton species Phaeocystis pouchetii and Micromonas pusilla, as well as mortality and activity using the new dyes Sytox Green and Calcein respectively. 

Flow cytometric retrieval of in situ delta 13C signatures of natural phytoplankton a study of pelagic C-flow
Roel Pel, Virgilio Floris & Hans Hoogveld 
Centre for Limnology, Rijksstraatweg 6, 3631 AC Nieuwersluis, The Netherland 

Here we demonstrate that populations using pyrolysis-GC-IRMS: individual phototrophic populations can be probed directly for their in situ delta 13C signature by means of a compound-specific isotope-ratio analysis of cellular fatty acids volatilized from flow cytometrically sorted cells using an in-line pyrolytic methylation technique. This novel methodology greatly improved the resolution in discriminating and tracing differential carbon pathways existing at the base of the pelagic food web of Lake Loosdrecht. Our approach revealed a lasting coexistence of phytoplankton groups differing by 6 to 8 &#8240; in delta 13C with cyanobacterial species always depleted in 13C relative to eukaryotic algae. Predominant members of micro- and mesozooplankton were shown to reflect this isotopic difference because of preferential grazing. Flow cytometric retrieval of 13C signatures applied in conjunction with 13C-carbonate labeling of lake phytoplankton also enabled assessments of population-specific in situ growth rates. Diatoms and green algae, although comprising least abundant phototrophs in the lake, exhibited growth rates up to 9-fold higher than those recorded for cyanobacterial species. The coexistence of phytoplankton populations widely differing in delta 13C as well as in standing stock and turnover time, has important implications for the interpretation of carbon transfer in pelagic food webs.

INFLUENCE OF PHYTOPLANKTON ON THE UNDERWATER LIGHT FIELD THE GULF OF AQABA (EILAT), RED SEA(1995-2000)

Noga Stambler 
Bar-Ilan University, 52900,Ramat-Gan, Israel

Flow cytometry was used to quantify phytoplankton populations. In summer a deep chlorophyll maximum developed at about 80m, characterized by high concentrations of Prochlorococcus, while during the mixing time Eucaryotic, Cyanobacteria and Prochlorococcus were found throughout the water column. During the summer stratification, as a response to the exponential decrease of light in the water column, the phytoplankton showed photoacclimation, evident as a marked increase in cellular chlorophyll with depth.  The underwater light field in the Gulf of Elat was characterized on the basis of data collected at  station A1, during 1995-2000. The euphotic zone ranged in depth from 125 to 70m. The vertical attenuation coefficient, Kd (PAR) averaged from the surface down to 110m depth, showed a seasonal fluctuation between a summer minimum of 0.04 and a spring maximum of 0.065m-1. Kd for the discrete wavelengths between 400-700nm had its minimal value of 0.1 m-1 in the blue (440 nm) and a maximum of 1.0 m-1 for red wavelengths (665 and 694 nm).  Since chlorophyll concentrations in the total euphotic zone were low (0.1-0.6 mg/l), their influence on light attenuation was low.

A new species of Parmales (Chrysophyceae) from the Gulf of Tehuantepec, Mexico, showing relative high abundances 

Ernesto Bravo-Sierra & David U. Hernández-Becerril 

Instituto de Ciencias del Mar y Limnología, Universidad Nacional Autónoma de México, Apdo. postal 70-305, México, D.F. 04510 Mexico.


The Order Parmales consists of solitary cells with a silicified cell wall composed of five to eight plartes; this group is considered as part of the marine pico/nannophytoplankton (less than 5 µm). A few number of taxa (7 species and 5 subspecies) have been described as yet, mainly from temperate to polar waters. Analysis made of filtered samples from the Gulf of Tehuantepec, revealed the presence of one new species of the group. This species belongs to the genus Tetraparma, which is solitary and spherical (3-5 µm diameter); all plates lack ornamentations or knobs, and the walls are rather smooth, and only the separation between plates are seen, the shield plates are convex and show a conspicuous rim, some of them with an indentation. The species appeared relatively abundant (up to 4 X 104 L-1) in a rich phytoplankton community, with diatoms and coccolithophorids dominating in numbers and diversity. It is widespread in the area and seems to be restricted to tropical-subtropical waters. A partial revision is made on the group, especially regarding the category of subspecies within the group.

A TWO YEAR SURVEY OF ULTRAPLANKTON IN THE BAY OF MARSEILLES (NORTHWESTERN MEDITERRANEAN SEA)

G., Grégori, M. Denis, D. Lefèvre 
Lab. Océanographie et Biogéochimie UMR 6535 France


The present study was intended to provide new approaches based on analytical flow cytometry to characterise microbial assemblages in marine environments, namely their spatial and temporal distributions. Micro-organisms represent an important biomass and play an essential role in the ocean with respect to organic matter production and mineralization. The study of microbial assemblages implies several investigation scales, from cell to Ocean, to correctly apprehend global balances in terms of carbon and organic matter budgets. Counting and characterising micro-organisms together with biomass estimations can be achieved at a site-, basin- or ocean scale. The short-term, seasonal The present study was intended to provide new approaches based on analytical flow cytometry to characterise microbial assemblages in marine environments, namely their spatial and temporal distributions. Microorganisms represent an important biomass and play an essential role in the ocean with respect to organic matter production and mineralization. The study of microbial assemblages implies several investigation scales, from cell to Ocean, to correctly apprehend global balances in terms of carbon and organic matter budgets. Counting and characterising microorganisms together with biomass estimations can be achieved at a site-, basin- or ocean scale. The short-term, seasonal or annual variability of the distributions can be investigated at hour-, month- or year-scale respectively. Moreover, microorganisms are very sensitive to environmental conditions and a perturbation, either of natural or anthropic origin, may affect microbial assemblages in their composition, species abundances and/or cell physiological state. The monitoring of ultraphytoplankton (< 10 µm) covering two prokaryotic and three eukaryotic groups, was conducted over two years at seven stations (three depths) in the Bay of Marseilles (Northwestern Mediterranean Sea). This survey provided evidence for a seasonal signal and a different spatial pattern for the resolved groups. Data were used to determine the ultraphytoplankton contribution to CO2 fluxes in the Bay. Results stress the need for extending phytoplankton surveys in coastal waters to the lower size class by using flow cytometry, the ongoing monitorings being run by optical microscopy and consequently limited to the size class > 20 µm. Guidelines for future monitoring of ultraphytoplankton are suggested.

Size diversity of phototrophic microplankton under different trophicand hydrodynamical conditions
A. Reul 1, J Rodríguez2, and F. Jiménez-Montes2
1Depto. de Biología Animal, Biología Vegetal y Ecología, Faculatd de Ciencias Experimentales, Universidad de Jaén, 23071 Jaén, Spain.2 Dpto. de Ecología, Facultad de Ciencias, Universidad de Málaga, 29071Málaga, Spain.


The basic objective of the AIMS project was the development of techniques to automatically identify and characterise the "microbial" component of phytoplankton, whose study is now highly facilitated thanks to flow cytometry technology. However, in addition to pico- (<2 mm) and nanoplankton (2-20 mm), any phytoplankton community encloses a microplanktonic (>20 mm) fraction whose relative importance in terms of biomass may be extremely high under particular environmental conditions(coastal waters, upwelling, vertical mixing, etc).  Consequently, in the context of the field evaluation of AIMS methodology it was obligatory to evaluate the global structure of the phytoplankton community and its relation with environmental control factors.  Here we present the analysis of the size diversity and structure of the microphytoplankton community during the AIMS field evaluation cruise "PROPHEZE" carried out on the R/V Discovery in May 2000.Our approach combines the analysis of size diversity through Image Analysis and the modelling of the size-abundance spectrum (SAS) of the community under the different trophic and hydrodynamical conditions observed at 7sampling stations located inshore and offshore of a Shelf-brake front in the Celtic Sea.  As a general pattern, the slope of the linear SAS model (size range =20-160mm Equivalent Spherical Diameter, ESD) was flatter at the mixed, inshore station (-1.48) than at the oligotrophic, stratified station offshore (-2.02).  The corresponding total microphytoplankton biovolume was 3.8x105 mm3 ml-1and 0.7x105 mm3 ml-1 at the inshore and offshore station respectively.  Post bloom signals or sporadic fertilising effects of internal waves can smooth the offshore spectrum (slope = -1.44) with a consequent increase of microplankton biovolume up to 2.5x105 mm3 ml-1While the presence of cells>160mm were negligible offshore, under conditions of strong vertical mixing (inshore and at the front), the size range covered  by the SAS extends up to ~370 mm ESD to include very large cells (Coscinodiscus) whose abundance cannot be predicted by the typical linear model currently found under more typical conditions. This suggests an external origin for this population, probably resuspension from the benthos. Considering this whole size spectrum the biovolume reach 7x105 mm3 ml-1  at the inshore station, nearly doubling  the biovolume derived from the lineal part of the size spectrum.  These results should be extended to the size compartments of pico- and nanoplankton to cover the complete size diversity and structure of the phytoplanktonic community. This would permit the comparison of the relative abundance and biomass of "small" versus "large" cells, which is important for the fate of primary production in the pelagic ecosystem.

An unusual haptophyte flagellate from Walker Bay, South Africa 

R. N. Pienaar
School of Animal Plant & Environmental Sciences, University of the Witwatersrand, Johannesburg, South Africa


In routine sampling of phytoplankton populations in Walker Bay, Southern Cape Coast an unusually large haptophycean-like flagellate was found to be present during the summer sampling period.   The cells are large (averaging 33um in length), have a charcteristic shape resembling a tadpole and easily identified with the light microscope. The flagellar pole is broader than the oposite end which tapers to a rounded extremity. The cells have a distinctive mode of swimming with the cell moving with the tapered extremity leading and the flagellar pole trailing behind. Each cell has two subequal smooth whiplash flagella with tapered extremities. Each flagellum has a very dissimilar beat. Situated between the flagella, but not in the same plane, is a highly characteristic organelle which strongly resembles a non-coiling haptonema. It is shorter than the flagella and usually has a slightly swollen tip. This organelle extends from the cell as a continuation of the flattened dorsal surface. It is usually uncoiled although it has been observed to bend. Ultrastructural observations reveal that the cell lacks some of the basic ultrasructural features of the Haptphyta such as "peculiar dialations" in the dictyosomes and the absence of a scale covering. The surface of the cells are however granular and possess structures that resemble extrusomes.The ultrastructure of the haptonema like organelle is also unusual and does not resemble the "typical" haptonema.The hetrodynamic movement of the two flagella is reminiscent of what one sees in Pavlova and the disc-bearing stage of Phaeocystis.  Details of the organism and its possible relationship to the Haptophyta will be discussed. 

Biochemistry, physiology and ecology of DMSP lyases Improving our understanding of DMS production in the sea 

M. Steinke, and G. Malin
School of Environmental Sciences, University of East Anglia


DMSP lyase isozymes catalyse the production of dimethyl sulphide (DMS), acrylate and a proton from the algal osmolyte dimethylsulphoniopropionate (DMSP). Our work aims to improve our understanding of the biochemistry, physiology and ecology of these enzymes to better predict the production of climatically relevant DMS in the sea. Laboratory studies with various strains of the coccolithophorid Emiliania huxleyi (Lohmann) Hay et Mohler suggested that DMSP lyases are membrane-bound, and have strain-specific pH optima with activities ranging over three orders of magnitude (0.004 to 25 fmol DMS cell-1 min-1). Measurements of DMSP lyase activity in a coccolithophorid bloom in the North Atlantic indicated that dinoflagellates were an important source of activity in this bloom. In another coccolithophorid bloom in the northern North Sea, DMSP lyase activity increased towards the surface relative to chlorophyll a, as did the non-photosynthetic but photoprotective pigment diadinoxanthin, DMS and dissolved dimethylsulphoxide, a likely oxidation product of DMS. These observations support the hypothesis that DMSP lyases can be affected by irradiance levels, and that DMSP and its cleavage products could be involved in scavenging oxygen radicals, hence, they may function as antioxidants in marine algae. Acrylate, the by-product of DMS production, has antimicrobial properties and may also be involved in a grazing-activated defence reaction in macroalgae and phytoplankton. In grazing experiments with microzooplankton, high-lyase strains of E. huxleyi were ingested at a reduced rate. Therefore, it is possible that DMSP lyases can affect bitrophic interactions between a predator and its prey. Furthermore, it has been recognized that in tritrophic interactions some plants exploit carnivores that attack herbivores by facilitating their foraging for prey. Such an indirect defence involves the production of information-conveying chemicals (infochemicals) which can be sen! ! sed by the carnivore, but originate from the herbivore, the plant, or an interaction between them. Hence, it is possible that the production of DMS and other volatile trace gases may be involved in chemical signalling of marine algae.

Isolation techniques of Phytoplankton species from Kandy lake

Tithira Wimalasena* , Premala Jeyanandarajah*
*Insititue of Fundamental Studies. Hantana Road. Kandy. Sri Lanka


Morphological characters under identified algal phytoplanktons  Stereomicroscope isolations were made by dilution plate methods using  different diluents, such as sterile distilled water and phosphate buffer and using biofilm technique. Using different types of stones the phytoplankton species were collected as a biofilm and cultured directly on the plates.  Medium used for isolation was modified BG-11 with 1% bacto agar. Species  of the following algal genus were detected, Pandorina, Eudorina, Merismopedia, Schizothrix, Ankistrodesmus, Scenedemus and Kirchneriella 

Drawing a pelagic "biogeography" based on single cell DNA-analysis
Colomban de Vargas
Department of Organismic and Evolutionay Biology, Harvard University & Department of Geology and Geophysics, Woods Hole Oceanographic Institution


The achievement of realistic models of biogeochemical processes in the Ocean will require not only to identify the species of pelagic microorganisms, but also to assess their global hydrographic distribution. The planktonic foraminifera present two advantages for the study of "biogeography" of free-floating unicellular organisms: (1) they are large enough to be easily sorted with dissecting microscope, and genetically analyzed at the individual level without clonal culture, (2) they build calcareous shells and derive from one of the best fossil record. The species discussed here is Globorotalia truncatulinoides, a subtropical to temperate taxon, displaying a well-known latitudinal morphological variation in the Southern Hemisphere, often presented as a model ecophenotypic cline. Hundreds samples were collected in the Atlantic and Indian Oceans between 20 and 50∫S. SSU and ITS rDNA sequence and RFLP analyses from single cells showed that G. truncatulinoides contains in fact a complex of four genotypes inhabiting different latitudinal oceanic provinces. Types I and II were collected in subtropical waters, type III in the Subtropical Frontal Zone, and type IV in the Polar Frontal Zone. A protocol of single-cell DNA extraction without shell dissolution allowed us to examine the morphological features of each genotype, and reinterpret the sediment history of the species-complex, which evolved through late Pleistocene speciation events associated with stepwise global latitudinal colonizations of southern oceanic provinces. Our data suggest that creation and extinction of new genetic types, rather than expression of phenotypic plasticity within ubiquitous species, may be an actively ongoing process in the plankton realm.

Revealing the organisms behind novel eukaryotic phylogenetic lineages  
Ramon Massana, Laure Guillou, Beatriz DÌez & Carlos Pedrós-Alió        
Institut de CiËncies del Mar, CMIMA, CSIC. Passeig MarÌtim de la Barceloneta 37-49, 08003 Barcelona, Catalonia, Spain. 


Despite the fact that the smallest eukaryotes (cells less than 5 µm in diameter) play key roles in marine food webs, their identity is just being unravelled. Perhaps the most remarkable finding of these recent studies has been the discovery of completely new phylogenetic lineages, such as the novel stramenopiles and alveolates, which account for a significant fraction of clones in genetic libraries from the North Atlantic, Equatorial Pacific, Antarctica and Mediterranean Sea. However, the organisms responsible for the retrieved sequences remain unknown. We have investigated the phylogenetic relationships, morphology, in situ abundance and ecological role of novel stramenopiles. They form at least eight independent lineages within the stramenopile basal branches. Two lineages were visualized and enumerated in field samples and enrichments using rRNA-targeted oligonucleotide probes. The targeted organisms were 2-3 µm diameter, bacterivorous flagellates. One lineage accounted for up to 46% (average 19%) of heterotrophic flagellates in a coastal environment, providing evidence that novel stramenopiles are important and unrecognized components of this marine functional group.

Molecular and Morphological investigations of 3 Pseudo-nitzschia  species isolated from Irish waters 

Caroline Cusack1, Donal Eardly2, Christopher Scholin3, Peter Miller3, Robin Raine2 and John W. Patching2 
Marine Institute Phytoplankton Laboratory, Martin Ryan Institute, National University of Ireland, Galway, Ireland1, Martin Ryan Institute, Marine Microbiology Department, National University of Ireland, Galway, Ireland2, Monterey Bay Aquarium Research Institute, USA3 


Several species of the marine diatom, Pseudo-nitzschia, have the potential to produce the neurotoxin, domoic acid, responsible for Amnesic Shellfish Poisoning (ASP) in humans. Pseudo-nitzschia populations are regularly abundant off the Irish coast and cell densities have at times reached levels in the order of 103 cells.ml-1. A molecular and morphological approach was used to identify 3 Pseudo-nitzschia species isolated from the Celtic Sea (south coast of Ireland). Phylogenetic relationships between these species (P. pungens, P. fraudulenta and P. delicatissima) were evaluated using the small sub-unit (SSU), the internal transcribed spacer region 1 (ITS-1), and a portion of the 5.8S nuclear rDNA. Morphological examination was carried out using EM. Molecular probes designed for a limited set of Pseudo-nitzschia strains isolated off the west coast of America were also investigated for possible applications in the Irish biotoxin monitoring programme. Results from these analyses will be discussed.

Marine viruses and cyanobacterial community structure
Martin Mühling1,3, Nick J. Fuller1, Andrew Millard1, Dave J. Scanlan1, William H. Wilson3, Anton F. Post2 and Nick H. Mann1
1Department of Biological Sciences, University of Warwick, Coventry CV4 7AL, England, UK;  2Interuniversity Institute for Marine Science, Eilat, Israel;  3Marine Biological Association, Citadel Hill, Plymouth, PL1 2PB, England, UK


Viruses infecting marine Synechococcus strains, cyanophages, are extremely numerous in surface seawater and they are genetically diverse.   The large majority of infective cyanophages which have been isolated appear to belong to the family cyanomyoviridae, possessing a dsDNA genome, icosahedral head, contractile tail and base plate.   There is conflicting evidence regarding the impact of viruses on natural assemblages of Synechococcus strains.   This project is aimed at investigating the impact of cyanoviruses on the population structure of marine Synechococcus strains from the Red Sea during an annual cycle.   PCR primers specifically amplifying rpoC1 fragments from Synechococcus spp. were designed and used to prepare 20 clone libraries covering an annual cycle and three sampling depths.   RFLP analysis of ca. 36 clones of each of the libraries suggested that during the summer the Synechococcus population was dominated by only a few genetically different clones, while there was great genetic diversity during the winter.   This general trend was found to be independent of the depth from which the samples were taken.   Quantitative analysis showed that viruses able to infect Synechococcus sp. strain WH7803 were abundant during the summer months.   The time points of great abundance of cyanophages coincided with fluctuations in the overall abundance of Synechococcus.   The genetic diversity of the cyanomyoviridae was also investigated using DGGE analysis of a gene fragment of g20 which encodes a capsid assembly protein, and the results are compared with the data on genetic diversity of the host population.

New oligonucleotide probes targeting Prasinophycean clades and genera: application to a seasonal cycle in coastal waters 

Fabrice Not*, Mikel Latassa#, Dominique Marie*, Daniel Vaulot* and Nathalie Simon*.

*Station Biologique, CNRS, INSU et Université Pierre et Marie Curie, Place George Teissier, 29680 Roscoff, France. #Institut de Ciencies del Mar, CSIC, 08039 Barcelona, Spain

Cells smaller than 2-3 mm (picoplankton) are important in the marine environment. The eukaryotic fraction of picoplankton contributes significantly to both biomass and primary production in oligotrophic areas of the world oceans, but also in coastal waters. The use of oligonucleotide probes detected by fluorescent in situ hybridization (FISH) allows the detection and quantification of specific eukaryotic taxa in natural samples. Although, some general and class specific probes are available, the design of probes targeting specific taxa at a level below that of the class appears necessary to assess more precisely picoeukaryotic plankton composition. Pigment data, cultures isolated from natural samples, as well as 18S rDNA sequences obtained from environmental clone libraries suggest that Prasinophyceae are important within picoplankton. Therefore we designed new probes targeting Prasinophyceae clades (e.g. Mamiellales, Prasinococcales, Pseudoscourfieldiales) and genera (e.g. Ostreococccus, Micromonas). These probes were first tested on cultures and then applied, along with more general probes, to natural samples from the English Channel, off Roscoff (France). Cells belonging to the Chlorophyta division appeared dominant all over the year. Among these, most cells belonged to the order Mamiellales and more precisely to the genus Micromonas.

Distribution of picoeukaryotes in the oceans

C. Pedrós-Alió, B. Dìez, L. Guillou, M. Latasa, R. Massana

Institut de Ciéncies del Mar, CMIMA, CSIC.  Barcelona, Spain

The distribution of microorganisms in the oceans is still largely unknown. In the last few years molecular studies of particular samples have provided a wealth of new organisms, both prokaryotic and eukaryotic. However, these few samples are but a tiny fraction of the ocean and, moreover, they show the situation at one particular point in time. In order to study the distribution of marine microorganisms at the large spatial and time scales necessary for oceanography, we have attempted to combine several techniques. Fingerprinting techniques such as DGGE and T-RFLP are used to compare a large number of samples along vertical profiles, transects across hydrographical feature and seasonal cycles. These large scale molecular data can be compared to data from flow cytometry and pigment determination through HPLC..  Based on the information obtained, a few samples can be selected for in depth studies through cloning and sequencing. The sequences from clone libraries can be compared to those obtained form DGGE bands or T-RFLP frgaments. Probes can be designed and used in FISH analysis of the samples. We will illustrate the progress made and problems found in the study of one particular group of microorganisms, the picoeukaryotes, in transects from the Southern Ocean and the Alboran Sea, as well as with a seasonal study in a cosatal station in the northwestern Mediterranean Sea.

From a single cell to a molecular diagnostic assay: a study with South African dinoflagellates.
Carlos Ruiz-Sebastian
Marine Biology Research Institute, University of Cape Town, Cape Otwn, South Africa


In recent years, research on methods providing accurate and rapid  identification of phytoplankton has become a priority in biodiversity  studies of planktonic communities and in harmful algal bloom (HAB)  monitoring programs. Molecular identification techniques have been at  the forefront of these efforts, achieving considerable success.  However, they have been limited when source material is only  available in small amounts or planktonic species are unculturable.  This paper presents a simple and rapid method for obtaining ribosomal  DNA (rDNA) sequences from fresh and frozen single dinoflagellate  cells, and its utilisation in developing a molecular diagnostic assay  for HAB species. Nine South African and two North American  dinoflagellate species were sequenced, including three isolates  belonging to the Alexandrium catenella complex, two Dinophysis spp.,  two Gymnodinium spp. and Protoceratium reticulatum, as well as other  non-toxic algae. Triplex-PCR diagnostic assays for identification of  toxic taxa were designed using signature sequences, and tested on  seawater samples in the lab. Preliminary results indicate sensitive  and accurate identification. Ongoing work involves applying the  assay to a wider range of seawater samples and determining the  sensitivity limits of the assay.

The PICODIV Program (Diversity of Picoplankton in Marine Waters): an overview
Vaulot D.1 and the PICODIV participants
1CNRS et Université Pierre et Marie Curie, Station Biologique, BP 74 296982 Roscoff, France.


Our knowledge of the diversity of picoplankton is still very limited. Among unicellular cyanobacteria, the real extent of Synechococcus diversity has been little investigated to date. Recently, clone libraries from the small sub-unit ribosomal RNA gene (rDNA) from oceanic samples have revealed the presence of many new eukaryotic groups, not represented in cultures. In the framework of the European program PICODIV, we are using different molecular approaches to characterize picoplankton in coastal waters.  Clone libraries data suggest that some of the novel groups already observed in the Pacific Ocean are found in coastal waters pointing out their ubiquity. Several new lineages, probably heterotrophic, occupy basal positions within the stramenopiles. Two other major novel lineages are part of the alveolates and appear to be intermediate between dinoflagellates and apicomplexa. Among the photosynthetic groups, Mamiellales (Prasinophyceae), cryptophytes, chrysophytes and dinoflagellates dominate coastal clone libraries. Some sequences can be relegated to the novel class Bolidophyceae, previously known only from offshore waters. Among heterotrophic groups, ciliates are particularly abundant. Finally, coastal waters seem to harbor some novel eukaryotic groups, not observed previously such as one that appears close to the Rhodophyta.  We have isolated a large number of new picoplankton strains from a variety of ecosystems. Some of them correspond to known taxa. In particular, we have found that the genus Ostreococcus, initially isolated from Thau lagoon and of major interest because of its very small size (0.8 mm), is very widespread and can be isolated from areas as diverse as the English Channel or the Red Sea. Other picoplanktonic strains, however, do not correspond to any known species and are currently being described based on ultrastructure, pigment content and gene sequences.  In order to assess the abundance and dynamics of the different picoplankton groups in the field, FISH (fluorescent in situ hybridization) of probes targeting rRNA proves to be very useful. For example, preliminary data from English Channel demonstrate that a single species, Micromonas pusilla, appears to be dominant at certain periods of the year. FISH also allowed to demonstrate the numerical importance of the novel stramenopile lineages among picoplankton and to confirm their heterotrophic capacity.  In the final year of PICODIV, we hope to synthesize the accumulated data in order to obtain a more global view of picoplankton diversity and dynamics as well as to apply these molecular approaches on a larger scale (temporal and spatial) taking advantage of technologies such as quantitative PCR or DNA array.

POSTER  ABSTRACTS

FC1 The effect of ethylene on the cell cycle in non-dormant and secondary dormant Amaranthus caudatus seeds. 
M. Bihun, J. Kópczycski 
University of Szczecin, Department of Plant Physiology, Szczecin, Poland

Incubation of imbibed Amaranthus caudatus seeds at 45&#61616; C induced secondary dormancy (thermodormancy). These seeds lose their germinability when transferred to conditions, which were suitable for non-dormant seed germination. Ethylene, the simplest unsaturated hydrocarbon, was very effective in release of secondary dormancy in Amaranthus caudatus seeds. The presence of ethylene for only 10 h was sufficient to remove dormancy in almost all seeds. Ethylene at very low concentration (4.5x10-7 M) caused, that dormant seeds germinated similarly to non-dormant ones. Secondary dormancy may be also relieved by immediate precursor of ethylene biosynthesis, 1-aminocyclopropane-1-carboxylic acid (ACC). However, ACC was much less efficient than ethylene, since to obtain a similar time course of seed germination, 106 times higher concentration is required. These data indicate that ethylene plays an important role in the control of secondary dormancy in Amaranthus caudatus seeds. The mechanism of secondary dormancy induction and ethylene action in this process is unknown. Perhaps, the analysis of cell cycle in secondary dormant seeds will offer opportunities to get a more detailed knowledge. The preliminary flow cytometric analysis showed that temperature, inducing secondary dormancy, blocked DNA replication. The germination of non-dormant seeds at 25&#61616; C was correlated with increasing of G2/G1 ratio. In secondary dormant seeds G2/G1 was lower in comparison to non-dormant ones after 16 h. Ethylene did not affect cell cycle in both non-dormant and secondary dormant Amaranthus caudatus seeds. 

FC2  The effects of diatom-produced aldehydes on other phytoplankton 
Raffaella Casotti, Sabina Mazza, Adrianna Ianora  & Antonio Miralto 
Stazione Zoologica "A. Dohrn" di Napoli  Naples, Italy  


Diatom-produced aldehydes have been shown to induce egg hatching failure in  copepods, inhibition of sea urchin embryo cleavage and death by apoptosis in human cell tumor lines (Miralto et al. 1999 Nature 402:175). We have  tested their growth inhibitory effect on other phytoplankton, such as the  diatom Thalassiosira weissflogii using flow cytometry, using several dyes  as physiological markers. Cell growth is inhibited at concentrations as low  as 0.1 mg/ml, and we showed that there is a dose dependent and  time-dependent effect. At lower time and concentration exposure cells are  able to recover. SYTOX Green stain has been used to detect early signs of  cell membrane degradation, while Fluorescein Diacetate (FDA) has been used  to detect the effects of aldehydes on the metabolic activity. Using these  stains, cellular subpopulations have been observed, with different  sensitivities to the compounds, suggesting that they act on actively  growing cells. Flow cytometry and stain technology have been very useful in characterizing  the cellular response to exposure to aldehydes, and preliminary results  will be presented also on detection of intracellular reactive oxygen  species in diatoms.

FC3  In vivo fluorescence of phycocyanin in combination with multispectral chlorophyll fluorescence spectroscopy - a powerful tool for the analysis of cyanobacteria and algae  
M. Beutler, K.H. Wiltshire, C. Reineke, J. Kruse, & C. Moldaenke

MPI für Limnologie, Plön, Germany 


New approaches for investigation of the photosynthetic apparatus of cyanobacteria are presented. These greatly enhance multispectral and monochromatic methods for the quantitative and qualitative analysis of phytoplankton. The additional usage of the phycocyanin fluorescence signal in combination with our recently developed approach for phytoplankton analysis with chlorophyll fluorescence spectroscopy allows a more detailed study of cyanobacteria and other phytoplankton in-vivo and in-situ. The photosynthetic apparatus of cyanobacteria has a unique composition compared with of other phytoplankton. This is most obvious in the structure of the light-harvesting antennae - the phycobilisomes. All phycobilisomes contain phycocyanin as a pigment. Phycocyanin is therefore a very useful marker pigment for cyanobacterial abundance.  Fluorescence of cyanobacteria was measured with a new fluorometer at seven excitation wavelength ranges and several detection wavelengths. An energy distribution model describing energy pathways in the cyanobacterial photosynthetic apparatus was tested for cyanobacteria grown under various environmental conditions. Measurements of phycocyanin concentration were carried out in the presence of other phytoplankton. Correlation of fluorometric results to photometric phycocyanin analysis was calculated. The use of this method for natural phytoplankton communities is discussed.

FC4  Flow cytometric mapping and isolation of freshwater autotrophic picoplankton. 
Nicholas Crosbie and Thomas Weisse 
Institute for Limnology of the Austrian Academy of Sciences, Mondseestr. 9, Mondsee, A-5310, Austria.


Flow cytometric methods (FCM) have not been applied to the same degree in limnology as in oceanography.  While discussing the potential reasons for this, we show how FCM were of considerable utility to a study on the seasonal patterns of autotrophic picoplankton (APP) inhabiting pre-alpine lakes of the Salzkammergut; region (Austria), and for the isolation and cultivation of novel freshwater APP strains.  Finally, we briefly highlight several key weaknesses in software and hardware from the perspective of the oceanographer/limnologist applying current flow cytometric technologies in his/her research. 

FC5 Bacterial viability and activity in the Southern Ocean
Paul G. Thomson1, Andrew T. Davidson1, Rick van den Enden1, Clive Crossley2
1Australian Antarctic Division, Channel Highway, Kingston, Tasmania 7050, Australia 2 Antarctic Cooperative Centre, University of Tasmania, Sandy Bay, Hobart, Tasmania

Bacteria are pivotal components of the marine microbial food web. They play a vital role in nutrient cycling and are the principal route of carbon flow in aquatic ecosystems. Since the introduction of such nucleic acid stains as Acridine Orange and 4,6-diamidino-2-phenol indole (DAPI), estimating bacterial concentration has become both routine and accurate. However, these stains do not discriminate between active, viable, inactive and dead bacterial cells. Studies using these stains commonly assume that all bacteria are both actively metabolising and equally available to microheterotrophic grazers. It is becoming apparent that such assumptions are invalid. We examined the bacterial concentration at 5 to 7 intervals between 5 and 120 m depth at 16 CTD sites in a southward transect down longitude 143°E at latitudes between 43.1° and 64.8°S.  Using flow cytometry, we quantified the concentrations of total bacteria, bacteria that had compromised cell membranes (CCM) and esterase activity (Est) by staining with SYTO 13, SYTOX Green and 6-carboxy fluorescein diacetate (6CFDA) (Molecular Probes) respectively. Concentrations of bacteria obtained using each stain varied little with depth and the average concentration at each CTD site was calculated. The total concentration of bacteria declined southward, largely due to a decline in the concentrations of bacteria with CCM. Concentrations of bacteria with Est remained approximately constant with a southward decline in temperature but correlated with changes in in situ chlorophyll a fluorescence. At the northern latitudes, total bacterial concentrations were around 30% higher than bacteria with CCM + Est, suggesting that a significant proportion of bacteria community were dormant (not dead or active). However, at cold southerly latitudes total bacterial concentrations were around 50% lower than bacteria with CCM+Est, suggesting persistence of esterase activity after cell death, increased permeability of cell membranes to SYTOX green or decreased permeability of SYTO 13. Our results showed that up to 80% of bacteria in the Southern Ocean have CCM while commonly less than half exhibit Est. As marine bacterioplankton are instrumental in remineralisation and fuelling the microbial loop, this has profound ramifications for pelagic carbon flow and nutrient c ycling in the Southern Ocean.

FC6 Distribution of different phytoplankton species in steep vertical physical and chemical gradients 

Salonen, Kalevi
Section of Hydrobiology, Department of Biological and Environmental Sciences, University Of Jyväskylä, Finland
Small humic boreal forest lakes are hydrodynamically stable and often extremely sharply stratified, which is often results in species specific stratification of phytoplankton. The physically small scale (often < 2 m) of stratification in such lakes offers technically favourable possibilities to study the differentiation of species composition over vertical gradients of physical and chemical factors. With field flow cytometer (together with on line physical and chemical analysers) the vertical counting processes can be automated and the determinations can be repeated to reach statistically valid distributions of phytoplankton species. In our forthcoming project we will apply such an approach particularly to study the relationship between the distributions of nutrients (phosphate and ammonium) and phytoplankton species. We can take advantage of a large collection of small humic lakes, each with different physical or chemical stratifications (largely depending on hypolimnetic oxygen situation) and their typical phytoplankton characteristics with different, but only few species. These factors facilitate possibilities to find out generalisations of the impact of physical and chemical gradients on vertical distribution of different phytoplankton species. Such results are particularly valuable, because they can be obtained under strictly natural undisturbed conditions.
FC7  Flow Cytometric sorting of phytoplankton : Possible problems and a recently developed application 
Hans Hoogveld and Roel Pel 
Netherlands Institute of Ecology (NIOO-KNAW), Centre for Limnology, Nieuwersluis, The Netherlands 


Flow cytometric sorting of phytoplankton provides us with a unique possibility to examine sub-populations. Especially in natural environments we encounter a great variety of species, growth stages morphology, even in one species. However, it can be important to obtain and physiological parameters of pure sub-populations.  Two sources of error and a recently developed application are described.  The first described problem is the sorting of filamentous algae. The trichome length of cyanobacteria such as Oscillatoria and Prochlorothrix often exceed the droplet width. To avoid a bias in population length, it is better to sort 3 drops, using as middle drop  the one after the calibrated one. The second problem is the discrimination of chlorophytes and diatoms, maintaining the ability to discriminate the cyanobacteria. This can be achieved by using a flow cytometer in which the particle passes 3 lasers. Discriminating cyanobacteria from eukaryotes can be done with a blue laser (488 nm), while the discriminating within the Eukaryotes can be done with the combination of a red laser and a green one (530 nm). As a example of the use of sorted phytoplankton, a description is given of determining growth speed of phytoplankton groups, using isotope ratio mass spectrometry.

FC8  Flow cytometric anlaysis of an E. huxleyi bloom terminated by virus infection
S. Jacquet1, A. Larsen1, D. Iglesias-Rodriguez2, M. Heldal1, W. Wilson3, G. Bratbak1 
1University of Bergen, Department of Microbiology, Jahnebakken 5, 5020 Bergen, Norway 2School of Biological Sciences, University of Bristol, Woodland road, Bristol BS8 1UG, UK 3Marine Biological Association, The Laboratory, Citadel Hill, Plymouth, PL1 2PB, UK 

During a field mesocosm experiment conducted in coastal waters off western Norway, 11 m3-enclosures were filled with seawater and enriched daily with different nitrate and phosphate concentrations in order to induce a bloom of the coccolithophorid Emiliana huxleyi under different nutrient regimes. Flow cytometry (FCM) analysis was performed 5 times a day in order to follow the initiation, development and termination of the bloom as well as the production of large virus-like particles identified as E. huxleyi viruses (EhV). EhV production was observed first in the enclosure where nitrate was in excess, and phosphate limitation induced a lower burst size compared to nitrate-replete enclosures. These observations suggest a critical role for both P and N in E. huxleyi-EhV interactions. Concomitant to EhV production, a shift was observed between the original population (coccolith-bearing cells) towards a population characterized by the same chlorophyll (Chl) fluorescence but with lower right angle light scatter values. This population is likely to correspond to either senescent cells losing their coccoliths or cells characterized by a lower production of coccoliths possibly due to viral infection. At the end of experiment, a significant proportion of E. huxleyi had survived after the end of the bloom. This suggests either the presence of a resistant form of the coccolithophorid or a change in the dominance of different host and/or viral strains during the bloom. A periodical pattern in virus production was recorded with virus number decreasing during the second part of the day suggesting that virus production may be synchronized to the daily light cycle. Our results provide new insights towards the understanding of the relationship between a key marine species and its specific virus.

FC9  CHARACTERIZATION OF MICROALGAE BY FLOWCYTOMETRY: VARIABILITY OF THE SIGNATURE WITH THE PHYSIOLOGICAL STATE, FOR DIFFERENT SPECIES OF HAPTOPHYCEAE, BACILLARIOPHYCEAE, CRYPTOPHYCEAE AND PRASINOPHYCEAE.  
V. Martin-Jézéquel (1), R. Robert (2), G. Le Gourierec, (1) 
(1) UMR 6539, CNRS-UBO, Brest (2) IFREMER, Centre de Brest France


Thirteen strains of microalgae , used in bivalves aquaculture, and belonging to Haptophycae, Bacillariophyceae, Cryptophyceae and Prasinophyceae, wera analyzed by Flowcytometry, under different conditions of growth. Cultures in exponential and stationnary phases were sampled, and the cellular signature of the microalgae were determined, using a Becton FACScalibur. The cellular characteristics : size, morphology, granularity, pigments were analyzed. The variability of these parameters were related to the growth conditions and statistically analyzed in relation with the biochemical composition of the cells.

FC10   FCM and phytoplankton monitoring in dutch coastal waters 
Thomas Rutten, 

RIKZ, Middelburg, Netherlands

At the RIKZ, flow cytometry is used for phytoplankton monitoring in dutch coastal waters for several years using the large dynamic size range European optical plankton analyzer. A lecture or a talk can be held about our flow cytometric phytoplankton monitoring programme, the adopted automatic dataprocessing techniques (using MATLAB-software), instant reportage (< 24 hr after analysis) on a website and monitoring results/examples. 

FC11 Upgrade of the optical plankton analyzer: real time pulse shape analysis 
Thomas Rutten 

RIKZ, Middelburg, Netherlands

The older optical plankton analyzer is upgraded to a new robust instrument equipped with an imaging in flow module (able to make digital pictures of algae in flow on basis of fcm -optical characteristics) and real time pulse shape analysis. The latter technique is a new signal interpretation principle using digital signal processing, which enables the use of extra morphological algae-flow cytometric characteristics

FC12  Time series observations of a phytoplankton community monitored with a new submersible flow cytometer 
Heidi M. Sosik and Robert J. Olson 
Biology Department 
Woods Hole Oceanographic Institution 
Woods Hole, MA USA 


The limited space and time scales associated with traditional approaches for monitoring phytoplankton communities has long limited our understanding of their dynamics and regulation.  To overcome some of these limitations, we have developed a submersible flow cytometer (CytoSub) designed for extended autonomous measurements of phytoplankton abundance, cell size and pigmentation.  CytoSub was moored on the seafloor from late July to October 2001 at the LEO-15 study site off the coast of New Jersey, and water samples from 5 m depth were pumped continuously through the instrument.  The resulting measurements reveal distinct populations of Synechococcus and cryptophytes, as well as an assemblage of other pico- and nano-phytoplankton of mixed taxonomy.  For each of these groups, dramatic variations in cell abundances were observed within the 3-month sampling period; these suggest influences of both water mass advection and changes in the net growth rate of the phytoplankton.  Diel variations in cell scattering cross-section, which are indicative of changes in cell size, were consistent with patterns of cell growth during the light period and cell division at night.  We will show application of a cell cycle based model to quantify growth rate from these measurements.  

pp1 THE STRUCTURE AND DYNAMICS OF MICROPHYTOPLANKTON IN THE MARINE LAKE VLASKA (EASTERN ADRIATIC) 
Nenad Jasprica and Marina Caric 
Institute of Oceanography and Fisheries, Laboratory of Plankton Ecology, PO Box 83, HR-20101 Dubrovnik, Croatia 


The marine Lake Vlaska (10 m max. depth) is located in the southwest part of the Neretva River delta. This lake has a highly stratified estuarine character. The intensive hypoxia (5-10 m layer) were noted in summer. Sampling was carried out at monthly intervals from April 1999 to April 2000. A total of 145 microphytoplankton taxa was identified. Diatoms, dinoflagellates and cyanophytes were the most important microphytoplankton constituents of the lake. The Bacillariophyceae gave the highest number of taxa (74), followed by Dinophyta (58), Prymnesiophyceae (8), Chrysophyceae (3), Euglenophyceae (1), Cyanophyceae (1) and Chlorophyceae (1). The seasonal development of microphytoplankton cell numbers exhibited two peaks (in April and in August 1999). The first peak reflected the intensive development of Cyclotella sp. and Chaetoceros curvisetus. The second peak was mostly made up of the species Nitzschia longissima and Chaetoceros vixvisibilis. Diatoms had the largest contribution (50-99%) in microphytoplankton cell numbers throughout the year. The main feature of the microphytoplankton assemblages is the simultaneous dominance of more than one species. The reason for this can be found in the very frequent and rapid changes in the environmental conditions of this dynamic ecosystem.

pp2 Exopolysaccharide production by Cochlodinium polykrikoides strain KG03 
Jung Han Lim, Yoo Kyung Lee & Hong Kum Lee 
KORDI (Korea Ocean Research & Development Institute), Ansan P.O. Box 29, Seoul 425-600, Korea 


Marine dinoflagellate Cochlodinium polykrikoides has been reported to produce sulfated exopolysaccharide (EPS) with antiviral effects against HIV and other viruses. We isolated a strain of C. polykrikoides (KG03) from Kangku located in East Coast of Korea. We investigated the optimal culture condition for EPS production and characterized the purified EPS. The strain KG03 entered the log phase of growth curve when cell density was over 920 cell∑ml-1, and 3.98 g∑L-1 of crude sulfated EPS was obtained 35 days after cultivation at 22&#8451; in the balloon type photoreactor with an aeration rate of 1.0 vvm. The EPS was isolated by precipitation with ethanol and 0.3% CPC, and purified by Sepharose G200 chromatography. We isolated two types of EPS named KG03A and KG03B, with molecular weight 1.5 x 106 da and 6.2 x 105 da, respectively. Both KG03A and KG03B were composed of glucose, galactose, mannose, uronic acid, and they possessed 7.4 % sulfate group. The antiviral activities are being tested.

pp3  Current Status of shellfish poisoning in Malaysian water 
Po Teen Lim 
Aquatic Program, Faculty of Resource Science & Technology, University of Malaysia Sarawak Malaysia  


The first incidence of shellfish poisoning was reported in the 1970an where the blooming of toxic dinoflagellate, Pyrodinium bahamense var. compressum occurred in the west coast of Sabah. Hundred of fatality and poisoing cases occurred since then, due to the consumption of contaminated bivalvia. No PSP was reported in west Malaysia until 1991 and 2000 when two poisoning incidences were recorded in Malacca & Kelantan respectively. These are followed by the identification of four Alexandirum species i.e Alexandrium tamiyavanichii, A. leei,  A. affine & A. minutum. Toxicity analysis based on Mouse bioassay shown different strenght of toxicity in A. tamiyavanichii, A. minutum & A. leei. These was reaffirmed with the HPLC analysis. Athough no other type of shellfish poisoning had been reported in Malaysia other than PSP, the existence of DSP and CFP causative species were determined in the samples collected from various locality in Malaysia.

pp4 PHYTOPLANKTON COMPOSITION OF COASTAL LAGOONS DURING DISTURBANCE PERIODS IN EMPORDÀ WETLANDS (NE SPAIN) 
Rocío López-Flores, Xavier D. Quintana, and Ramon Moreno-Amich, 
Institute of Aquatic Ecology and Department of Environmental Sciences. University of Girona. 

Phytoplankton composition in two temporary basins of the Mediterranean salt marsh of Empordà wetlands (NE Spain) were investigated using flow citometry. Phytoplankton short term changes were compared for two different winter periods: a period immediately after an intense sea storm and a stable period without any sudden changes in water level or physical and chemical composition. After the sea storm, the water of the basins was stratified. In the surface layer, water had high organic matter and low of oxygen concentrations, whilst in the bottom layer higher oxygen concentration and higher proportion of inorganic nutrients were found. Under more stable conditions, this type of stratification was reversed. Additionally, a decrease in nitrate concentration was found, due to the high denitrification activity, which is characteristic of these ecosystems. In these conditions, a change in the community was shown, from a dominance of heterotrophic species to a dominance of cyanobacteria.

pp5 HAPTOPHYTES AS COMPONENTS OF PHYTOPLANKTON IN THE TROPICAL ANDAMAN SEA (NE INDIAN OCEAN)

Jette Buch Østergaard, 
Department of Phycology, Botanical Institute, University of Copenhagen, Øster Farimagsgade 2D, DK-1353 Copenhagen K, Denmark  

The haptophytes are both qualitatively and quantitatively significant i tropical marine environments where the coccolithophorids frequently dominate the nanoplankton community. Their mere abundance and capability of mixotrophy clearly emphasize that the haptophytes occupy a significant role as both primary producers and grazers in the microbial food web at low latitude sites. Describing adequately the ecological importance of haptophytes in a tropical marine environment requires, due to the small size and fragility, detailed quantitative and qualitative analyses. This study presents quantitative and qualitative data collected during multidisciplinary sampling programmes during the ne and sw monsoon periods in the andaman sea, off the western coast of southern thailand in 1996 and 1997. The over-all aim of the present study was to study the impact of hydrographical conditions and monsoon forcing on the carbon biomass and the taxonomic diversity of pico-, nano- and microplankton in the andaman sea. Stations along three transects were selected to represent near-shore to offshore conditions across a shelf slope. Samples were collected from vertical profiles. Temporal and spatial variations in biomass and integrated biomass of phytoplankton were compared along each transect, between transects and seasonally. Despite the fact that hydrographical differences were evident along the east-west oriented sampling transects and between seasons and years the statistical analyses resulted in only few matching biological responses. The quantitative contribution of haptophytes to autotrophic nanoplankton and total autotrophic was proved to be important.  Since quantitative data with a taxonomic resolution as high as possible is very much desirable a combination of light and electron microscopy has been applied for studying the nanoplankton community. The most conspicuous haptophytes will be presented.
pp6  Mass Mortality of Fishes and Other Marine Organisms Along the Arabian COAST OF OMAN
Rajan Anbiah 
Raysut Marine Research Laboratory,Ministry of Agriculture and Fisheries, Salalah, Sultanate of Oman, 

Observations were made over a period of a decade on various marine organisms and populations, which sustained mass mortalities along the Arabian coast of the Sultanate of Oman. Nearly 13 incidents were recorded since the early nineties. The mortalities were recorded not only in the sea but also in associated environments like lagoons (Khawrs). In addition to fishes other marine organisms such as shrimps and lobsters, were also killed during these incidents. Nearly 35 species of fishes, two species of shrimps and a single species of lobster were recorded in the mass mortalities over the past decade. The analysis of the environmental parameters showed that most of the incidents coincided with environmental disturbances. Although various physicochemical and oceanographical parameters were involved, it is likely that low dissolved oxygen, spurred by the nearby upwelling of different water masses converged to trigger the complex process in many of these incidents.  Other possibilities and facts including algal blooms are discussed in detail to specific incidents.

pp7 Picophytoplankton in the Oxygen Minimum Zone of the eastern South Pacific 
Osvaldo Ulloa, (1), William K. W. Li, (2) and Venetia Stuart (2) 
(1) Universidad de Concepción, Concepción, Chile 
(2) Bedford Institute of Oceanography, Dartmouth, N.S., Canada 


The Oxygen Minimum Zone (OMZ) off northern Chile gets shallow enough that sufficient light appears to be available for photosynthesis below the oxycline, and where a  prominent secondary in vivo fluorescence peak is sometimes observed. We examined the vertical distribution of the photosynthetic picoplankton community in the region using flow cytometry and HPLC. Results showed that the subsurface OMZ is a zone where Prochlorococcus were always very abundant, where Synechococcus were sometimes abundant, but where picoeukaryotes were never present. Photosynthesis versus light (P-E) experiments were conducted under controlled oxygen conditions in samples taken from the oxic layer (first fluorescence maximum) and the sub-oxic layer (secondary fluorescence maximum). The initial slope of the P-E curve (related to the efficiency of photosynthesis) in the sub-oxic peak was about five times higher than in the oxic one, while the maximum specific (normalized to chlorophyll-a) photosynthetic rates were similar. These results indicate strong adaptation of the sub-oxic picophytoplankton community to low-light conditions, due principally to its observed high light absorption characteristics resulting from very high intracellular concentrations of divinyl chl-a and -b.

PP8 STRESS COMPATABILITY IN CYANOBACTERIA 
Mekhala Suseela 
National Botanical Research Institute, Lucknow, India 


The importance of diazotrophic cyanobacteria in maintaining the spontaneous fertility of the rice field soil has been well documented.  The present day need is to develop region specific strains of cyanobacteria capable of carrying out the desired functions under different agro-climatic conditions.  In this context the distributional pattern and comparative predominance of different cyanobacterial forms has been worked out for 142 rice field soil samples collected from Kurnool district of Andhra Pradesh, India.  Total 72 algal forms were recorded in the enrichment cultures of the soil samples, out of these only five were green algae and the rest were blue-green algae.  During the! studies, 42 unialgal isolates belonging to 8 genera were screened for growth and nitrogen fixation.  A remarkable strain variation was observed even at intra-species level.  Although, Nostoc and Anabaena had comparatively a wider distribution than Calothrix, the latter was found to perform consistently better both in terms of growth and nitrogen fixation.  Based on growth and nitrogen fixing capacity, fifteen promising isolates were screened out of forty two isolates and subjected to ammonical nitrogen stress.  Presence of ammonium nitrogen had a differential effect on growth and nitrogen fixation.  The threshold value for  nitrogen fixation was found to be much lower than that for growth but even at 100 mg NH+4 N/ml, in none of the algae, the process of nitrogen fixation was completely stopped.  Implications of this property in increasing the availability of biologically fixed nitrogen as well as fertilizer nitrogen have been emphasized.

pp9 Size diversity of phototrophic microplankton under different trophic and hydrodynamical conditions

A. Reul, 1, J.Rodríguez, 2, and F. Jiménez-Montes2 
1Depto. de Biología Animal, Biología Vegetal y Ecología, Faculatad de Ciencias Experimentales, Universidad de Jaén, 23071 Jaén, Spain.  2 Dpto. de Ecología, Facultad de Ciencias, Universidad de Málaga, 29071 Málaga, Spain. 


The basic objective of the AIMS project was the development of techniques to automatically identify and characterise the "microbial" component of phytoplankton, whose study is now highly facilitated thanks to flow cytometry technology. However, in addition to pico- (<2 m) and nanoplankton (2-20 m), any phytoplankton community encloses a microplanktonic (>20 m) fraction whose relative importance in terms of biomass may be extremely high under particular environmental conditions (coastal waters, upwelling, vertical mixing, etc).  Consequently, in the context of the field evaluation of AIMS methodology it was obligatory to evaluate the global structure of the phytoplankton community and its relation with environmental control factors. Here we present the analysis of the size diversity and structure of the microphytoplankton community during the AIMS field evaluation cruise “PROPHEZE” carried out on the R/V Discovery in May 2000.  Our approach combines the analysis of size diversity through Image Analysis and the modelling of the size-abundance spectrum (SAS) of the community under the different trophic and hydrodynamical conditions observed at 7 sampling stations located inshore and offshore of a Shelf-brake front in the Celtic Sea.   As a general pattern, the slope of the linear SAS model (size range = 20-160m Equivalent Spherical Diameter, ESD) was flatter at the mixed, inshore station (-1.48) than at the oligotrophic, stratified station offshore (-2.02).  The corresponding total microphytoplankton biovolume was 3.8x105 m3 ml-1 and 0.7x105 m3 ml-1 at the inshore and offshore station respectively. Post bloom signals or sporadic fertilising effects of internal waves can smooth the offshore spectrum (slope = -1.44) with a consequent increase of  microplankton biovolume up to 2.5x105 m3 ml-1.  Whereas the presence of cells>160m were negligible  offshore, under conditions of strong vertical mixing (inshore and at the front), the size range covered  by the SAS extends up to 370 m ESD to include very large cells (Coscinodiscus) whose abundance cannot be predicted by the typical linear model currently found under more typical conditions. This suggests an external origin for this population, probably resuspension from the benthos. Considering this whole size spectrum the biovolume reach 7x105 m3 ml-1 at the inshore station, nearly doubling  the biovolume derived from the lineal part of the size spectrum.  These results should be extended to the size compartments of pico- and nanoplankton to cover the complete size diversity and structure of the phytoplanktonic community. This would permit the comparison of the relative abundance and biomass of "small" versus "large" cells, which is important for the fate of primary production in the pelagic ecosystem.

pp10 The Helgoland Roads Long-Term Data Series: new perspectives and techniques 
Karen Helen Wiltshire, & Mona Hoppenrath, 
Biologische Anstalt Helgoland; Alfred-Wegener Institute for Polar and Marine Research. P.O. Box 180; 27484 Helgoland, Germany. 


In 1962 a long-term monitoring programme was started at the Biologische Anstalt Helgoland. This involved monitoring pelagic nutrients, salinity, light penetration and plankton species composition at the Kabel-Tonne (54° 11,3`N, 7° 54,0`E) on a work-daily basis.  Whereas the chemical and physical data and methods of detection resulting from this monitoring have been analysed and modernised to some degree this is severely lacking with the data and monitoring of planktonic species of algae. In the last 10 months we have begun to rectify this. This involves a three-pronged strategy: 1) inventorisation and quality control of 40 years of existing daily algal species counts, 2) modernisation of taxonomic recognition and archiving of current algal species (including culture collection) and 3) introduction of new monitoring strategies and technology.  In this poster we give examples from the revised inventory (species lists) and illustrate the problems with the old data set. We present the principles behind our current taxonomic recognition and newly recognised species at the station. An example of our new archival methods is presented. Finally we also introduce data from the new monitoring methods we have established (multispectral algal recognition and High Performance Liquid Chromatography) in a comparison with existing methods.

PP11  Characterisation of phytoplankton communities from the Southern Ocean by pigment composition 
Sten-Åke Wöngberg, Angela Wulff, Monica Appelgren 
Botanical Institute, Göteborg University Sweden 


The spatial and vertical distribution of phytoplankton in the Southern Ocean, based on HPLC-determined photopigments, was analysed during the SWEDARP 97/98 cruise from in January 1998. In total, seawater from 12 different stations along a transect at 6∞E from 60.38 to 49.82∞S were sampled at depths of approximately 2, 10, 20, 30, 50, 75 and 100 m. The highest chlorophyll a (chl a) concentrations (1.5-2.0 µg l-1) were found within the Marginal Ice Zone (MIZ), around 60∞S, while the lowest was found within the Inter Frontal Region (IFR) with typical values around 0.3 µg l-1. At the most northern station at the Antarctic Polar Front (APF), around 50∞S, the chl a concentrations were intermediate (0.8-1.2 µg l-1). Principal Component Analysis (PCA) and the matrix factorisation program, CHEMTAX, were used to interpret the data. PCA indicated small differences between stations within the IFR and APF regions while the MIZ stations were separated into three groups which correlate with oceanographic data. Along the whole transect, CHEMTAX suggested a dominance of diatoms and haptophytes. In general, the haptophytes contributed more to total chl a further south and the diatom contribution increased from south to north. Within IFR, CHEMTAX indicated that cyanobacteria were contributing to the total autotrophic biomass. In APF, a more diverse phytoplankton community was found compared with IFR and MIZ. The pigment patterns interpreted by CHEMTAX showed that different phytoplankton assemblages were associated with distinct water masses along the transect.

PP12 MIDI-CHIP: DIVERSITY OF PLANKTONIC CYANOBACTERIA IN EUROPEAN FRESHWATER BODIES.

G. De Bellis (1), B. Castiglioni (1), P Henderson (2), L. Hoffmann (3), M. Gugger (3), R.Willame (3), J. Komarek (4), P. Kuuppo (5), K. Sivonen (6), G. Tedioli (7), B.(Pacioni 7),  Ventura S. (8), Mugnai M. (8), M.-C Margheri. (8), S. Turicchia (8), C. Sili 8), A.(Wilmotte 9), C. Boutte (9), S. Grubisic (9), P. Balthasart (9)
1CNR-ITBA, Italy. 2. PISCES Conservation Ltd, UK. 3. Centre de Recherche Public-Gabriel Lippmann, Luxembourg. 4. University of South Bohemia, Czech Republic. 5. Finnish Environment Institute, Finland. 6. University of Helsinki, Finland. 7. Azienda Multiservici Intercomunale-Consorzio, Imola, Italy. 8. CNR-CSMA, Firenze, Italy. 9 University of Liège, Belgium

The EC Project MIDI-CHIP (EVK2-1999-00026) is gathering 7 partners of multidisciplinary expertise to follow the populations of planktonic cyanobacteria in freshwater lakes of Italy, Luxembourg, and Finland,  using classical phenotypic methods and molecular tools.  The methods based on the phenotype, like countings, microscopic observations, isolations of strains, are compared to molecular tools, like constructions of clone libraries, and DGGE. A novel molecular approach, based on DNA microarrays will be tested and a software will be designed to use molecular data and phenotypic information to evaluate biodiversity indices and OTU richness.  The first results of a 1-year monitoring, started in May 2000, will be shown for Bacino di Bubano (drinking water reservoir in Italy), Esch-sur-Sûre (drinking water reservoir in Luxembourg) and Tuusulanjarvi (lake in Finland). The sampling and analysis methods were standardized to ensure that comparisons between data can be made. All 3 water bodies show a succession of cyanobacterial taxa, though these taxa and their abundancy periods are different. 

MO1 Microarrays for diatoms in the assessment of the water quality of fresh water systems 
Marco Berzano 
Univeristy of Camerino, Camerino, Italy 


In the last 50 years diatoms have become one of the most widely used micro-organisms for water quality assessment. They are present in almost all aquatic and terrestrial environments and they react rapidly to changes in water quality with high sensitivity. There are more than 7000 species living in fresh and brackish water, with population assemblages and species diversity reflecting environmental conditions. They supplement chemical analyses, which cover too short a time span, with additional and sometimes more reliable information. Their continually changing classification must be mastered because more than 400 new taxa are described each year. In order to assess the biological quality of water, the presence and abundance of certain diatoms are quantified. In the poster we present a list of diatoms which includes only the most abundant and/or significant species that have a specific index of sensitivity (epi). This value is exclusive for each species and shows a typical behaviour toward phenomena of pollution and/or eutrophication. Our aim is to analyze the diatoms listed following a molecular approach of the epi index in order to develop species specific probes to be adapted to micro-array technology for the identification of major diatoms used in water quality assessment. Firstly, we shall determine the nucleotide sequence of the 18s rrna genes of the most sensitive diatoms and design oligonucleotide probes using the “probe design” function of the arb program package; then we shall set up micro-arrays with the species-specific rRNA targets to detect samples directly from the environment. 
MO2 Molecular diversity of planktonic freshwater cyanobacteria during a 2-year monitoring of the Esch-sur-Sûre lake (Luxembourg) 
C. Boutte, P. Balthasart, S. Grubisic, & A. Wilmotte 
Centre for Protein Engineering, Institute Chemistry B6, 
University of Liège, 4000 Liège, Belgium 


In the frame of the EC project MIDI-CHIP, we are following the molecular diversity of the freshwater cyanobacteria, based on rDNA and rbcLX sequences, using DGGE and clone libraries. Samples are obtained weekly in stratified and monthly in unstratified periods, from our partners of CRP - GL (Luxembourg) and the time series goes from May 2000 to April 2002. The sequences obtained are aligned with the software ARB and are used to design oligonucleotides for a DNA chip made by CNR-ITB (Italy). DGGE patterns show the succession of periods where a specific banding pattern is established followed by changes and appearance of a novel stability period with different patterns. These observations allow to select samples for the construction of clone libraries. The succession of taxa (mainly Microcystis, Anabaena, Aphanizomenon, Planktothrix) can be followed in the lake. This molecular monitoring is especially useful in spring and winter when classical microscopic observations and attempts to cultivate the organisms are flawed by the low abundances.

MO3 Oligonucleotide probes for detection of Dinophysis species (Dinophyta). 
Bente Edvardsen1, René Groben2 & Linda Medlin2 
1.Norwegian Institute for Water Research, 2. Alfred Wegener Institute 


Dinophysis species producing diarrheic shellfish toxins (DST) occur in Norwegian waters all year around, and prevent harvesting of mussels during several months each year in some regions. The toxicity varies between Dinophysis species. Molecular techniques using 18S ribosomal DNA sequences offer new means of identifying the potentially toxic species. We determined 18S rDNA sequences of the four most common Dinophysis species in Norwegian waters by single cell polymerase chain reaction (PCR). From these and other available sequences we designed oligonucleotide probes for the genus Dinophysis sensu lato and sensu stricto and species-specific probes for D. acuminata, D. acuta, D. norvegica and D. rotundata. Dot blot hybridisation with PCR amplified target rDNA, and whole-cell hybridisation assay with fluorescence microscope (FISH) were used to demonstrate probe specificity. These probes may be useful for in situ detection and quantification of toxic cells and for clarification of species identity and life cycles.

MO4 BioSense: Evaluating molecular probe-based taxonomy of phytoplankton with a view to incorporating species identification in automated marine observation systems

S. Kröger, M. Martino, D. James

Centre for Environment, Fisheries and Aquaculture Science (CEFAS)

Pakefield Rd, Lowestoft, Suffolk, NR33 0HT, England, www.cefas.co.uk

In recent years the significance of phytoplankton species composition for observation and interpretation of marine ecosystem function has been increasingly recognised. With the development of highly sophisticated platforms and instruments able to collect high frequency observational data in situ and consequently relay the results in real time to shore using telemetry, scientists are striving to gain new insights into these processes. For example by quantifying concentrations of oxygen and nitrate alongside a range of environmental parameters, such as temperature, conductivity, turbidity, and downwelling photosynthectically active radiation as well as chlorophyll fluorescence, the CEFAS SmartBuoy programme is seeking to correlate changes in phytoplankton biomass to environmental conditions.  Whereas the quantification of chlorophyll fluorescence is useful as an indicator of algal bloom formation and decay, it gives little information about the species succession within the bloom and any potential danger from harmful algal species present. This is where the application of nucleic acid sequence based species identification has the potential to allow more detailed analysis of the process under investigation. Research is therefore in progress on the application of molecular probe based techniques, such as the sandwich- and wholecell-hybridisation assays, to phytoplankton monitoring programmes. Initially, discrete samples collected at near shore locations, during research cruises or using in situ sample collection devices are being screened for the presence of key toxin producing species, such as Alexandrium tamarense. The applicability of the nucleic acid probe based methods to Lugol's iodine preserved samples was evaluated, though integration of molecular biological techniques with rapid in situ measurements is the ultimate aim of the work presented. An overview is given of progress made, particularly on the use of different electrochemical detection systems for the visualisation of the hybridisation event between the species-specific probe and the target nucleic acid.

MO5 How do marine viruses influence the production of dimethyl sulphide (DMS)? 
C. Evans, G. Malin, * W. H. Wilson and & P. S. Liss 
University of East Anglia, *Marine Biological Association 

Dimethyl sulphide (DMS) constitutes the most important source of biogenic sulphur to the atmosphere over the open oceans and has been implicated in global climate. Most DMS originates from dimethylsulphioniopropionate (DMSP) a compatible solute found in certain marine phytoplankton. Enzymatic cleavage of DMS to DMSP occurs via a group of isozymes termed DMSP lyases present in many marine microbes. Studies suggest that viral lysis of DMSP containing phytoplankton cells should be considered alongside autolysis, excretion and grazing as a process that could influence DMS concentration in seawater. Using the Emiliania huxleyi host virus system, this project aims to determine the role of marine viruses in sulphur cycling and to investigate the relative contributions of grazing, autolysis and viral lysis on sulphur cycling. The approach will be initially by culture study. Areas of investigation include the partitioning of sulphur compounds during viral lysis, whether DMS produced is quantitatively linked to DMSP lyase activity, the influence of nutritional status and the influence of bacteria on production of DMS and related compounds. Molecular studies of DMSP lyase will focus on determining a conserved sequence for the isozymes from which oligonucleotide probes can be designed. Subsequently the level of DMSP lyase expression will be monitored during a viral infection cycle.

MO6 Rapid monitoring of phytoplankton toxins by immunochromatographic assay AT AQUACULTURE SITES IN ATLANTIC CANADA 

C. Rafuse 1,2,3*, M.A. Silva 1,2, J.F. Jellett 1 and A.D. Cembella 2,3
1Jellett Biotek Limited, 327 Prince Albert Rd., Suite 5, Dartmouth, NS B2Y 1N7 2Dept. of Oceanography, Dalhousie University, Halifax, NS B3H 4J1 3Institute for Marine Biosciences, National Research Council, 1411 Oxford St., Halifax, NS B3H 3Z1

Toxic algal blooms pose a recurrent risk to human health through the consumption of bivalve shellfish contaminated harvest by potent biotoxins. To protect the economic viability of aquaculture and wild fisheries in areas affected by seasonal blooms of toxic algae many countries, including Canada, have instituted plankton surveillance programs as a early warning of impending toxicity. Unfortunately, monitoring programs are based on time-consuming identification of key toxic species by microscopy, and do not usually consider toxicity. An improvement on existing plankton monitoring methods was investigated at aquaculture sites in Atlantic Canada using conventional microscopic identification and a modification of a rapid immuno-diagnostic test for PSP and ASP toxins (MIST Alert&#8482;). Intensive sampling (twice weekly) of the water column at selected sites was conducted between May and August, 2001 and showed that although peaks of several Alexandrium and Pseudo-nitzschia species were found, no highly toxic blooms occurred. The most significant finding was that only ASP toxins were clearly detected using the MIST Alert&#8482;. Cell concentrations of Alexandrium species were never high enough (>ca. 100 cells per assay) to be detected by the assay for PSP toxins. The MIST Alert&#8482; is a rapid and reliable method to detect low toxin levels in plankton assemblages as determined by both laboratory and field experiments.

MO7 Detection, identification and enumeration of protists in the marine environment using ribosomally-based oligonucleotides. 
Rebecca J Gast, Mark R Dennett, Dawn M. Moran, Robert J. Olson and Alexi Shalapyonok, 
Woods Hole Oceanographic Institution 


My research on protistan (both photo and heterotrophic) diversity in marine environments is based largely upon the analysis of small subunit ribosomal gene sequences. I have been using this sequence information to develop oligonucleotide-based detection methods. In my work with acanthamoebae, I developed a suite of probes and applied them in a membrane-based array that permits the detection and identification of different members of the genus. I am currently using this method to examine the natural distribution of acanthamoebae in coastal marine sediments. Other work in my laboratory is directed towards determining abundances of organisms by qPCR, and linking genotype with morphotype by in situ hybridization and flow cytometry. The quantitative work is currently being conducted on a new phototrophic dinoflagellate species that we have isolated from the Ross Sea, Antarctica. The prevalence of its sequence in clone libraries suggests that it is a major component of the pelagic marine environment in that region. QPCR experiments to determine whether this is true are being embarked upon. Work with flow cytometry and in situ hybridization analyses have led to the evaluation of peptide nucleic acids (PNAs) as probes. Our preliminary work with PNA probes has indicated that they perform better than standard oligonucleotides under less stringent conditions, and we have been able to significantly streamline our hybridization methodololgy because of this.

MO8 A new method to assess phytoplankton respiration by analytical flow cytometry 
G. Grégori, M. Denis & D. LefËvre 
Lab. d'Océanographie et de biogéochimie CNRS UMR6535 

Microbial respiration in the ocean is a major process expressing the biological oxidation of organic matter. However, the in situ respiration rate is too low to be assessed by the available direct methods. Current chemical approaches for determining changes in dissolved oxygen (Winkler) or inorganic carbon (coulometry) concentrations require the use of long-term incubations (24 h) for natural samples due to low levels of organism abundance.

Some fluorescent probes, such as DiOC6(3) (Molecular Probes, Eugene, Or.), have been shown to be very sensitive to changes in the proton electrochemical potential difference (D H+) between both sides of bioenergetic membranes (mitochondrial or plasmic) bearing the cell respiratory systems. In mitochondria, D H+ is linked to the oxygen flux by a linear relationship. However, to our knowledge, no such relationship has been established in the case of whole marine cells. The objective of the reported work was to look for a possible relationship between the fluorescence of phytoplanktonic cells stained with DiOC6(3) and their respiration rate. Experiments were run with an axenic culture of the Chlorophyceae Dunaliella tertiolecta (Butcher). A linear relationship was established between oxygen uptake (dark respiration) and the green fluorescence from the stain DiOC6(3). The final product is a linear conversion scale between fluorescence and respiration rate for the investigated species. The ultimate aim is to develop a method based on analytical flow cytometry to determine in situ cell respiration rates.

MO9 Combining rRNA probes and cell cycle analyses to investigate in situ growth rates of eukaryotic phytoplankton 
Robert Olson, Virginia Armbrust*, Rebecca Gast, and Sheila O'Brien* 
Woods Hole Oceanographic Institution, *University of Washington 

Eukaryotic phytoplankton are responsible for most of the production in many regions of the ocean, including most blooms, but relatively little is known about the distribution of in situ growth rates among this extremely diverse group. We are beginning an investigation of in situ growth rates of eukaryotic phytoplankton, using a combination of molecular probing and flow cytometric methods. Our approach includes: • high-throughput DNA sequencing and fragment analyses to allow us to design species-specific rRNA-targeted probes for ecologically relevant organisms, 

• a newly emerging class of molecular phylogenetic probes, peptide nucleic acids (PNAs), which are highly sensitive and relatively easy to design and use • flow cytometric cell cycle analyses of PNA-labeled cells to determine intrinsic growth rates of targeted species.  The intrinsic growth rate of a population whose division cycle is phased to the daily light:dark cycle can be determined by monitoring DNA cell cycle distributions over a diel period, if the flow cytometric signature of the organism in question is sufficiently distinctive (as with the prokaryotic picoplankter Prochlorococcus). Direct flow cytometric analyses of eukaryotic phytoplankton cell cycling are typically not practical because multiple species in a given sample have similar morphology and flow cytometric signatures, but different cell division timing or DNA content. Fluorescently-labelled PNA rRNA probes should allow us to selectively analyze cells of particular species, chosen from among the phytoplankton present at diel sampling sites. Preliminary data from cultures and selected field samples will be discussed. 

MO10 DETECTION OF HAB SPECIES USING PCR AND SOLID-PHASE ELISA IMMUNOASSAY TECHNIQUE 
Antonella Penna & Mauro Magnani 
Centro Biologia Ambientale, Univ, of Urbino, Viale Trieste 296, 61100 Pesaro, Italy 

A method of PCR (polymerase chain reaction) and ELISA (enzyme-linked immunosorbent assay) immunoassay for the detection of the toxic Alexandrium species from cultured isolates and field samples of seawater is presented. The PCR-primers targeting the ITS-5.8S rDNA regions specific for Alexandrium, amplified a fragment of approximately 286 bp (base pair) in the 5.8S ribosomal DNA (rDNA) and Internal Transcribed Spacer 1 and 2 (ITS1 and ITS2) regions from the Alexandrium isolates. The solid-phase elisa immunoassay involved application of a biotinylated-labeled primer targeting the ITS-5.8S rDNA regions; the PCR-amplified products, containing the digoxigenin-labelled nucleotide (dig-dUTP), were captured on the streptavidin-coated microplate. The captured molecule were hybridized to an anti-digoxigenin antibody conjugated with alkaline phosphatase activity, which served to develop an enzyme-driven colorimetric reaction. The results indicated that the genus-specific biotinylated primer recognized the ITS-5.8S rDNA target sequences of Alexandrium cultured isolates by capturing streptavidin molecules-coated microplate, but did not target rDNA from other closely related groups of microalgae or marine phytoplankton populations of seawater samples, in which the Alexandrium species were absent; furthermore, the number of Alexandrium cells in the samples resulted in a proportional appearance of colour generated by the phosphatase activity in the presence of a chromogenic substrate and measured in a plate reader. Reproducibility and variability of this method were also tested. Thus, the immuno-PCR and ELISA assay is a useful technique to detect the presence of the target microalgal species in cultured and field samples and is faster and simple, compared with other identification methods currently in use.

MO11 TELONEMA ANTARTICA SP.NOV., A COMMON MARINE PHAGOTROPHIC FLAGELLATE: STRUCTURAL IDENTITY AND 18S rRNA AFFINITY.
K. Shalchian-Tabrizi1, D. Klaveness1, H.A. Thomsen2, K. S. Jakobsen1

Dep. of biology, University of Oslo, N-0316 Oslo, Norway

Danish Institute for Fisheries Research, Charlottenlund, DK-2920, Denmark

Telonema antartica nom. prov. is a globally distributed heterotrophic protist recently identified in the Antarctic, Danish and Norwegian coastal waters. We have brought the species into culture to continue ultrastructural investigations and perform genetic analyses. Ultrastructure has proven inadequate to resolve the systematic position of the species. A number of ultrastructural characters unique to the species have been identified, such as a multilayered complex structure beneath the cell surface, here named the subcortical lamina. Another unique feature of Telonema is surface ornamentations in the shape of small rods covering a smaller or larger part of the cell surface. Ultrastructurally, they appear to be of organic crystalline nature, like certain enzymes. Other organelles, like the “bandelette trichocystique” described by Hollande & Cachon (1950) in an organism we believe are T. antarctica, are certainly of a different nature. Phylogenetic inference was done by generating DNA sequence from the small ribosomal RNA gene, and applying several methods, including minimum evolution and maximum likelihood criteria. All inferences were congruent in placing T.antartica on a distinct branch at the root of the Metazoa/Fungi group, but only with moderately support for this affinity. Thus, both structural and genetic data opens up the possibility that T. antartica is belonging to a new group of protist not yet described. Based upon all new information, a formally correct description of the species will be produced.
MO12 Comparison of phytoplankton diversity assessed by light microscopy and molecular methods 
Renate Scharek, Ramon Massana, Mikel Latasa, Vanessa Balague and Carlós Pedros-Alió 
INSTITUT DE CIENCIES DEL MAR (CMIMA, CSIC) 
Passeig MarÌtim de la Barceloneta, 37-49, E-08003 BARCELONA, Spain 


Pico- and nanoplankton assemblages constitute the central components of the microbial network (regenerating system) on which the blooms, formed by microphytoplankton, are superimposed. In the framework of the European project PICODIV (Monitoring the diversity of photosynthetic picoplankton in marine waters) a coastal time-series is conducted in the northeast Mediterranean off the coastal town of Blanes (Catalunya, Spain). At monthly intervals physical and chemical parameters (T, S, Secchi Depth, macronutrients) are measured and water is collected to determine the abundance and composition of prokaryotic and eukaryotic protist plankton. Light microscopy is used to assess the diversity and abundance of micro- and nanophytoplankton, epifluorescence microscopy is applied to quantify nano- and picoplankton. DGGE (Denaturing Gradient Gel Electrophoresis) is performed and clone libraries are generated to assess eukaryotic picoplankton diversity. With flow cytometry we measure the abundance of bacteria and picoeukaryotes. HPLC (High Precision Liquid Chromatography) is utilised to determine the pigment signatures of pico-, nano- and microphytoplankton assemblages. Diversity of the different phytoplankton size components, which is assessed for each group by different methods, and its seasonal variations are compared and possible relations between microbial network and blooms will be discussed.
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