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Determination of phytoplankton groups fromoean olor spetral measurements in theSenegalo-Mauritanian upwellingYmane Taou�q1, Ousmane Farikou2, Séverine Alvain3, JulienBrajard1,4, Mihel Crépon1, Malik Ngom1, and Sylvie Thiria11Sorbonne Universités (UPMC, Univ Paris 06), CNRS, IRD, MNHN,LOCEAN Laboratory, IPSL, 4 plae Jussieu, F-75005, Paris, Frane2Université Cheikh Anta Diop, Dakar, Sénégal3Laboratoire d'Oeanologie et de Geosienes, CNRS-ULCO-USTL,Wimereux, Frane4INRIA, Roquenourt, Frane20 otobre 20141 IntrodutionOean olor measurements have been intensively used to estimate hlorophyll-aonentration (Chl-a in abreviation) in the surfae waters of the oean, marginalseas and lakes.Phytoplankton is the �rst element in the oean food webs and onsequentlydrives the oean produtivity. It also plays a fundamental role in limate regulationby trapping atmospheri CO2 through gas exhanges at the sea surfae. With thegrowing interest in limate hange, one may ask how the di�erent phytoplanktonpopulations will respond to hanges in oean harateristis (temperature, salinity)and nutrient supply.Pigment analysis by High Performane Liquid Chormatography (HPLC) hasbeen widely used to ategorized broad Phytoplanton size lasses (PSC) or phyto-planton funtional types (PFT) [Hirata et al., 2011℄. Eah phytoplanton group(PSC/PFT) is assoiated with diagnosti pigments and a onvertion formula an1



be derived to estimate the perentage of eah group from the pigment measure-ments.These in-situ measurements were used to build relationships between PSC/PFTand oean properties that an be derived from satellite oean olor sensors (e.g.Chl-a onentration or water leaving-radiane), whih is of fundamental interestto understand the phytoplankton behavior and to model its evolution [Uitz et al.,2006, Ciotti and Briaud, 2006, Hirata et al., 2008, Sathyendranath et al., 2014,Alvain et al., 2005,Alvain et al., 2012℄.In the present work, we propose a regional algorithm based on PHYSAT [Al-vain et al., 2012℄, that estimates diagnosti pigments assoiated with PFT/PSCfrom satellite oean olor measurements. The region of appliation is the senegalo-mauritean upwelling and the results foused on the relative onentration of Fu-oxanthin (Fuo) whih is the main diagnosti pigment for Miroplankton (>
20µm) and Diatoms.2 Data2.1 Satellite datasetFor this study, a satellite image arhive of the senegalo-mauritean upwelling(8oN-24oN , 14oW − 20oW ) obtained from the radiometer SeaWiFS was used andthe year 2003 was hosen to be a test ase of the algorithm.Eah data is a daily image of the water-leaving re�etanes (ρw) at four wa-velengths (443nm, 490nm, 510nm and 555nm) and of the onentration of Chl-aduring the year 2003. The radiane at 412nm was not retained beause of the highsensitivity of ρw to olored dissolved organi matter (CDOM) at this wavelength.Due to the presene of saharan dusts in this region, very few estimations of ρwand Chl-a were available and it may lead to strong over-estimations of hlorophyll-a [Gregg and Casey, 2004℄. For that reason, an atmopsheri orretion algorithmdediated to saharan dust [Diouf et al., 2013℄ was used to obtain aurate ρw andhl-a data.As in [Ben Mustapha et al., 2014℄, the re�etane ratio for eah pixel wasomputed as follow :

Ra(λ) = ρw(λ)/ρwref(λ, chl − a) (1)The onentration ρwref depends on the Chl-a onentration only. ρwref wasalulated for Chl-a values observed by SeaWiFS in the studied region using amultilayer pereptron whih is a lass of arti�ial neural network able to modelany non linear funtion. This is a di�erene ompared to [Ben Mustapha et al.,2



2014℄ who used tabulated values. This permits to have a smoother ρwref funtioneven if the dependeny between ρwref and Chl-a is not linear.The satellite dataset made of the Ra(λ) during the year 2003 is thereafterdenoted DSAT.2.2 The pigment datasetPhytoplankton pigments are ommonly used to disriminate PSC and PFT [Hi-rata et al., 2011℄. The strong hypothesis made in this work is that the orrelationbetween the satellite measurement (ρw, Chl-a) and pigment onentrations is notdependant on the loation or the date of the measurement. It means that if a satel-lite measurement an be assoiated with a pigment onentration in one partiularplae, the assoiation must stay relevant anywhere and at anytime in the oean.For that reason, it was deided to use a large in situ dataset ompiled at globalsale during the whole SeaWiFS period. This dataset was olloated with the ρwand Chl-a measured by SeaWiFS data [Ben Mustapha et al., 2014℄. Some missingdata was ompleted using a self-organizing map tehnis [Junninen et al., 2004℄.The pigment dataset, denoted DPIG, is omposed of 1068 variables. Eah va-riable is a 10-dimensional vetor de�ned as :� Component 1 : hlorophyll-a onentration� Component 2 : divinyl hlorophyll-a onentration ratio� Component 3 : peridin onentration ratio� Component 4 : fuoxanthin onentration ratio� Component 5 : 19'hexanoyloxyfuxanthine onentration ratio� Component 6 : zeaxanthin onentration ratio� Component 7 to 10 : SeaWiFS Ra at 4 wavelengths : 443nm, 490nm, 510nmand 555nm.The pigment ratio are de�ned as in [Alvain et al., 2005℄ by normalizing the pigmentonentration by the Chl-a and divinyl hlorophyll-a onentration.3 MethodThe algorithm was divided in two phases. The �rst phase onsists in lusteringthe DPIG dataset to retrieve the link between the re�etane ration Ra and thepigment onentration ratio. The seond phase onsists in labeling the re�etanesin DSAT in term of assoiated pigments.
3



3.1 ClusteringThe lustering of DPIG was done using Self-Organizing Maps (herafter denotedSOM). The SOM [Kohonen, 1994℄ algorithm is a powerful non-linear lassi�er. Itaims at lustering samples of a multidimensional dataset (in our ase, DPIG) intolasses represented by a dediated network (the so-alled SOM map).SOM is a neural lassi�er where eah neuron of the map is assoiated with apartiular referent vetor Vk. The di�erent neurons og the SOM map are onnetedtogether and determine a topologial (neighbourhood) relationship between thedi�erent neurons (subset of similar data).In the present ase, the SOM map is a two-dimensional (13 × 12) grid thatrepresents the partition of the DPIG dataset. Eah lass is assoiated with a so-alled referent vetor Vk (k = {1, 2, ...180}). Vk are alulated by a weigted meanof elements in DPIG. Therefore, Vk has the same dimension as eah element of thedataset (in our ase Vk ∈ R
10) and ontains 5 relative pigment onentration ratio,the remote sensing hlorophyll-a onentration and Ra at 4 wavelengths.At the end of the lustering, eah element of the dataset DPIG is assoiatedwith the referent Vk (denoted the Best Mathing Unit) whih is the losest in termof the eulidien distane.3.2 LabelisationThe labelisation phase onsists in assoiating eah element of DSAT with apigment onentration ratio.Eah pixel Pj of DSAT ontains the SeaWiFS Ra at the four wavelengths(443nm, 490nm, 510nm and 555nm). These elements an be diretly omparedwith the omposants 7 to 10 of the Vk vetor that represents Ra value in DPIG.The problem is thus to determine the Best Mathing Unit Vk using only fourvalues among the 10 used in the SOM map. A trunated distane (TD) that onsi-dere only the existing values was used. The Best Mathing Unit Vk was determinedusing the TD.Then, the pixel Pj is diretly assoiated with the values of the pigments onen-tration ratio of Vk.With this method, eah pixel Pj is assoiated with 5 pigment onentrationratios. The underlying assumption is that the link between re�etanes and pig-ment ratios is the same in DPIG than for DSAT. In the following, we fous onthe fuoxanthin onentration ratio whih is a arateristi of diatoms and miro-planktons.
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4 Regional Study
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Fig. 1 � Representation of the value of the 7 omposants of Rk on the Self-Organizing Map. Eah image represent a omposant (6 pigments and 4 Ra, eahnode of the image represent a lass. Here the dimension of the map is 13 × 124.1 Labelisation of the re�etane spetraIn this setion, the assoiation between Ra spetra and the pigment onen-tration ratio are presented.First, in Fig. 1, we show the values of all the Vk omponents of the 13×12 SOMmap. Eah omponent was represented by the olor intensity of the grid point. Itan be notie that values of the Vk omponents were spatially well strutured onSOM. Another important remark is that the values of eah omponent has a largerange of variation of the same order as the range of variation of DPIG. It meansthat the SOM map has aptured most of the variability of the dataset.5



As eah Vk ontains a value for the pigment onentration ratio, it is possibleto estimate several typial index of PSC or PFT. It is an important feature of thisalgorithm that does not estimate one partiular PSC/PFT but assoiates diretlypigment onentration ratios that an be used as proxies.As an illustration and a validation of the approah, we an ompute the per-entage of miroplankton (Miro) following the formula [Hirata et al., 2011℄ :
Micro = 1.41 × (Fuco + Perid) (2)where Fuco (resp. Perid) denotes the onentration ratio of Fuoxanthin (resp.Peridin).In Fig. 2, we represent the perentage of miroplankton (alulated using 2with respet with the hlorophyll-a onentration obtained for the referent ve-tors Vk. The relationship between the Chl-a onentration and the Miroplantonperentage is onsistent with the relationship found in [Hirata et al., 2011℄ :

Micro = [a0 + exp(a1log10(Chl − a) + a2)]
−1 (3)where a0 = 0.9117, a1 = −2.7330 and a2 = 0.4003.We an notie that, in omparison with this global relationship, the regional re-lationship found using SOM overestimates the miroplankton perentage for smallvalue of Chl-a (< 0.2mg/m3). It would need further analyses to �nd if it is anartifat of the algorithm or a regional spei�ity.This is a �rst validation of the orrelations found in the SOM map, and itdemonstrates the potentiallity of the approah. The assoiation between remotesensing re�etane spetra and pigment onentrations is an e�ient way to iden-tify phytoplankton groups.4.2 Labelisation of imagesUsing the trunated distane (TD) desribed in the previous setion, it is pos-sible to assoiate a pixel of an image to a referent Vk and thus to all the pigmentonentration ratios. In this work, we present results of this assoiation with theFuoxanthin. All pixels from DSAT were assoiated with the Fuoxanthin onen-tration ratio. In �g 3, the mean ratio for eah sequene of 3 months is presented(January to Marh JFM, April to June AMJ, July to Septembre JAS and �nallyOtober to Deember OND).We an observe the seasonal variability of the assoiated Fuoxanthin onen-tration ratio, with a maximum onentration and a southernmost extent at thebeginning of the year. Knowing that high Fuoxanthin onentration ratio areharateristi of the presene of diatoms, this seasonal variability is onsistentwith previous studies of the senegalo-mauritanean upwelling variability [Farikou6
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Chl−a concentration (mg/m3)Fig. 2 � Perentage of Miroplankton following Eq. 2 with respet with thehlorophyll-a onentration. Eah irle represents a referent vetor of the SOMmap and the solid blak-line represents the relationship in Eq. 3et al., 2013, Lathuilière et al., 2008℄, and the observations done during the EU-MELI ruises [Claustre and Marty, 1995℄ and the Atlanti Meridional Transe(AMT) [Aiken et al., 2009℄.5 ConlusionA regional lassi�ation tehnique derived from [Ben Mustapha et al., 2014℄that assoiates re�etane spetra with pigment onentration ratio was develop-ped and tested during the year 2003 int he senegalo-mauritanian and the Fuoxan-thin onentration ratio. It was shown that results was oherent with relationsfound in literature. It also allows to retrieve the seasonal variability of the as-soiated Fuoxanthin onentration ratio. It is thus possible to have signi�ant7



Fig. 3 � Mean value of assoiated Fuoxanthin onentration ratio in 2003 for theseveral period : January to Marh JFM, April to June AMJ, July to SeptembreJAS and �nally Otober to Deember ONDquantitative indies (onentration ratio) of phytoplankton groups.This approah gives a lot of opportunity to study variability of pytoplanktongroups (PSC or PFT) in the region of the senegal-mauritanean upwelling. Thisstudy ould be ontinued for other lassi�ation groups and validated using in-situdata in this region.AknowledgementThe authors aknowledge NASA/GSFC/DAAC for providing aess to daily L2SeaWiFS produts. This work was funded by the frenh spae ageny CNES/Tosaprogram. 8
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