Geochemistry, Phytoplankton, and Color of the Ocean

GeP&CO


Part of the French PROOF programme, GeP&CO aims to describe and understand the variability of phytoplankton populations, and to assess its consequences on the geochemistry of the oceans.
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Photosynthetic pigments, and cells counts by flow cytometry or microscope, are the tools to discriminate the main groups of phytoplankton. The environmental conditions are known owing to sampling for nutrients, total inorganic carbon, and alkalinity, and underway records of sea surface temperature and salinity.

The collected data may help for a better interpretation of ocean color data, and special attention is devoted to the measurement of optical properties of seawater : spectra of light absorption by the phytoplankton and by non-algal particles, by dissolved colored organic matter, and sea surface reflectances at the wavelengths of SeaWiFS, POLDER or MERIS sea color sensors (SIMBAD project).

GeP&CO is based on the quarterly travels of merchant ship Contship London from Le Havre (France) to Nouméa (New Caledonia). A scientific observer embarks on each travel and operates the sampling for surface water, filtration, various measurements and checking, at 6:00, 10:00, 14:00, 18:00 and 22:00 each day. The experiment started in October 1999, and boarding of the observer is granted until July 2002.
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Since the ship track crosses the North Atlantic that plays a key role in global ocean-atmosphere carbon exchange, air samples are taken for pCO2 and (13C measurements between Le Havre and Panama (RAMCES project). We also intend to adapt a sensor for pCO2 measurements, derived from the CARIOCA sensor, to record pCO2 along the track of Contship London. If the adaptation proves successful, other merchant ships will be equiped with this sensor.

Financial support for GeP&CO is from IRD via PROOF. The French Space Agency CNES also contributes for the acquisition of pigments concentration and optical measurements along the tracks of Contship London and other ships of opportunity. The Institut Pierrre Simon Laplace (IPSL) gave support for the coordination of IPSL observation programs on the carbon, such as RAMCES, mentioned above, and OISO. We also acknowledge from support from the Institut National des Sciences de l'Univers (INSU), and from INSU Technical Division for the adaptation of the CARIOCA pCO2 sensor.

Scientific coordination :

Yves Dandonneau (e-mail yd@lodyc.jussieu.fr)

Laboratoire d'Océanographie Dynamique et de Climatologie (LODyC)

Tour 15, 2nd floor

Université Pierre et Marie Curie

4 place Jussieu

75252 Paris cedex 05

France

Website : http://www.lodyc.jussieu.fr/gepco
Rationale :


The cycling of carbon in the oceans, where it is found for the largest part in its inorganic forms, starts from photosynthesis, a biological process operated by microscopic autotrophic algae or procaryotes that capture solar energy and have the enzymatic capacity to reduce carbon into organic forms. The rest of the cycle is the return to inorganic forms, that partly occurs at depth after dead particles have sedimented. The pathways of sedimentation, distinct from streamlines, are the main cause of the variability of the concentration of chemical constituents of seawater.


The autotrophs that reduce carbon also use other components, such as silicon, nitrogen, or iron. They are diverse, and different groups operate chemical reactions that impact the chemistry of seawater in different ways. A few examples are given below.


Photosynthesis takes CO2, and thus has no effect on seawater alkalinity. The Coccolithophorids, which belong to the Prymnesiophyceae, additionally build calcareous "coccoliths" for which they take calcium carbonate, thus exerting a pressure on seawater alkalinity.

Most algae satisfy their nitrogen need using nitrate, or its regenerated ammonium or urea forms. Nitrate is often limiting in seawater, so that the ability of autotrophs to sink carbon is tightly coupled to nitrate availability. The Trichodesmium (Cyanophyceae) however can fulfil their need by using dissolved nitrogen in the N2 form, for which the atmosphere is an inexhaustible source.

The group that is most efficient to sink carbon to deep waters at high rates is the diatoms. These algae also build up silica skeletons and thus have a strong effect on the silica content of seawater. They especially need iron much more than any other group. Iron solubility is low, so that iron is limiting almost everywhere, and the atmospheric source of iron dust is often determinant.

Understanding the response of ocean chemistry to climate change thus requires that we know how these different groups will react, and to start, how they react to present climate variability.

A very powerful tool is now available for the observation of the phytoplankton throughout the world ocean : sea color viewed from satellites. The Coccolithophorids and the Trichodesmium have characteristic optical signatures that allow to detect their blooms. More generally, the phytoplankton groups often differ by specific photosynthetic pigments that give them specific inherent optical properties. While these later properties have only a small effect on sea color, it may be important to investigate the relationships between sea color and the dominance of certain phytoplankton groups.

Detailed objectives and tools

GeP&CO wants to describe the variability (seasonal, interannual, at basin scale) of the populations of phytoplankton, to relate this variability to the physical forcing, and to evaluate its consequences on ocean's geochemistry. This is a prerequisite for implementing biogeochemical scenarios into climate change simulations.


GeP&CO is based on field observations from ships. The natural variability is such, however, that whatever the sampling effort that can be maintained, only sea color sensors onboard of satellites can describe it. Thus, GeP&CO also aims to make a link between the observations made by these satellites, and the succession of phytoplankton groups in the oceans.

For these objectives, quantitative inventories of photosynthetic pigments are a powerful tool. Many of these pigments indeed are characteristic of certain groups :

· divinyl –chlorophyll a is only present in the ubiquitous Prochlorococcus in which it replaces chlorophyll a. The Prochlorococcus are often dominant in oligotrophic waters and are known to grow mostly on regenerated production, thus having a very small impact on the carbon sink. They are able to grow at very low iron concentrations.

· Fucoxantin is mostly found in diatoms that grow very quickly when nitrate, iron and silica are abundant. The diatoms can give rise to massive export of carbon to deep waters through sedimentation of dead cells.

· 19'hexanoyloxyfucoxanthin is an indicator of the Prymnesiophyceae, among which the Coccolithophorids exert a strong impact on seawater alkalinity, through the building of calcareous pieces by biocalcification.

· Chlorophyll c is mostly present in picoeucaryotes that grow in abundance when nitrate is available.

· Phycoerythrin characterizes the cyanobacteria, among which the Synechococcus that are a very important contributor to the phytoplankton biomass in surface waters, and the iron needing, nitrogen fixing Trichodesmium.

· Peridinin is only present in dinoflagellates, that form blooms, sometimes toxic, in coastal waters.

These pigments are measured by spectrofluorimetry (the chlorophyll and pheophytin a, b and c and the divinyl forms a and b, and phycoerythrin), by high performance liquid chromatography (chlorophylls, and carotenoids : fucoxanthin, zeaxanthin, 19'hexanoyloxyfucoxanthin, 19'butanoyloxyfucoxanthin, peridinin, caroten, diadinoxanthin, prasinoxanthin, and violaxanthin).

Cells counts are also made either directly (coccolithophorids are identified and counted on filters) or using flow cytometry (that allows to sort and count the Prochlorococcus, the Synechococcus, the picoeucaryotes, and bacteria).

The forcing by nutrients (a consequence of vertical mixing and currents) is indicated by determinations of nitrate, phosphate and silicate. The action of the phytoplankton on the carbon content of seawater is viewed through total inorganic carbon and alkalinity determinations, and through measurements of the absorption spectrum of dissolved colored organic carbon. It is planned to record the variations of carbon dioxide partial pressure at the sea surface using a CARIOCA sensor, from April 2002.

Radiometric measurements of seawater-leaving reflectances are a link to relate the set of observations at sea to satellite detected sea color. In addition, the optical properties of seawater are further documented by the measurement of light absorption spectra by the photosynthetic pigments and by non-algal particles.


These measurements are made on sea surface samples (every 4 hours) along the lane of a ship of opportunity, Contship London, that sails from le Havre (France) to Noumea (New caledonia), with calls at New York, Norfolk, Savannah, Kingston, Panama, Tahiti and Auckland. GeP&CO started in October 1999, and is expected to continue until August 2002, representing 12 quarterly cruises. These cruises also permit to carry out air sampling for pCO2(atm) and (13C determinations, as a contribution to RAMCES.

Participants :

Persons responsible for measurements are listed here below

Pigments (spectrofluorimetry), CDOM absorption spectra:

Yves Dandonneau (e-mail yd@lodyc.jussieu.fr)

Laboratoire d'Océanographie Dynamique et de Climatologie (LODyC)

Tour 15, 2nd floor

Université Pierre et Marie Curie

4 place Jussieu

75252 Paris cedex 05

France

Tél : 33 (0)1 44 27 47 65

Fax : 33 (0)1 44 27 38 05


Pigments (HPLC), nutrients :

Yves Montel (e-mail y.montel@biocean.u-bordeaux.fr)
Laboratoire d'Océanographie Biologique

Station Marine d'Arcachon

2, rue du Pr. Jolyet

33120 ARCACHON

France

Tél : 05 56 22 39 11 ou 09

Fax : 05 56 83 51 04

Cells counts by flow cytometry :

Jean Blanchot (e-mail blanchot@sb-roscoff.fr)

Antenne IRD 

Station Biologique de Roscoff

BP 74

29682 Roscoff cedex

France

Tél : 33 (0)2 98 29 23 14 

Fax : 33 (0)2 98 29 23 24

Cells counts (coccolithophores) :

Jacques Giraudeau (e-mail giraudeau@geocean.u-bordeaux.fr)

Département Géologie et Océanographie - UMR 5805 EPOC

Université Bordeaux I

Avenue des Facultés

33405 Talence

France

Tél: 33 (0)5 56 84 88 60

Fax: 33 (0)5 56 84 08 48

Algal and non-algal absorption Spectra :

Cécile Dupouy (e-mail  dupouy@noumea.ird.nc)

Centre IRD de Noumea

BP A5

98848 - Nouméa

Nouvelle Calédonie

Tél : 687 26 08 04

Fax : 687 26 43 26

Seawater Reflectance :

Pierre-Yves Deschamps (e-mail: pyd@loa.univ-lille1.fr)

Laboratoire d'Optique Atmospherique,

Universite de Lille,

59655 Villeneuve d'Ascq

France

Tél : 33 (0)3 20 43 66 97

Fax : 33 (0)3 20 43 43 42

TCO2, alkalinity :

Christian Brunet (e-mail brunet@ccr.jussieu.fr)

Laboratoire de Biogéochimie et Chimie Marines (LBCM), UMR 7094

Institut Pierre Simon Laplace

Universite P. et M. Curie - Case 134

4, place Jussieu

75252 PARIS Cedex 5

France

Tél : 33 (0)1 44 27 48 68

Fax : 33 (0)1 44 27 49 93

atmospheric CO2:

Michel Ramonet (e-mail ramonet@lsce.saclay.cea.fr)

Laboratoire des Sciences du Climat et de l'Environnement

CE Saclay - Orme des Merisiers - Bat.703

91191 GIF sur YVETTE Cedex

FRANCE

Tél : 33 (0)1 69 08 40 14

Fax : 33 (0)1 69 08 77 16

