Development and application of an algorithm for detecting undesirable Phaeocystis globosa blooms
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CONTEXT AND OBJECTIVES ‘ RESULTS
Detecting phytoplankton species from space is a challenge particularly relevant 1-Absor ption differences between Phaeocystis and diatomsin cultures. 3- Development of the three-band retrieval algorithm for chl ¢3 from absorption or reflectance data.
for mapping undesirable algal blooms in eutrophicated coastal waters. Such is Fig.2 . ) ) 467 nm
the case in the turbid waters of the Southern Bight of the North Sea, where| 2.0 I I I The absorption spectra of diatoms and| | Theagorithm for retrieval of chl c3isbasedonthe
high concentrations of chlorophyll a corresponding to blooms of the colonial l — Phacocystis Phaeocystis grown under 2 light| |difference between baseline and the measured absorption/
haptophyte Phaeocystis globosa in the presence of diatoms have been reported. 5 16 diztoms conditions showed no overal significant riflgll:cntce (F'gz‘h'Ck ”ﬁ '”;eggorma";edméhe pf;dUClth
To explore the possibility of detecting Phaeocystis colonies in these coastal g, differences thus average spectra were ghr 2 e_\nr(]:ean pgrsa‘?]’d e.rl 74{5[())1I0n (a:” 74\18\;3\/ Erait
; ; . B : calculated for each taxa (Fig.2A). The e algorithm uses S:1,=40nmandl ;=480 nm -
waters also characterized by large concentrations of CDOM and non-algal \ . . o Ficlirer sEaer it Gl e vsaivian
; ; ; imi . ¥ J mean absorption spectra of diatoms and| | chosen at either side of the expected chl c rption ban
particles (NAP), we conducted |aboratory and field experiments aiming to: 8 0.8 > P N | =467 e S O T b
o e . L . T | | Phaeocystis show significant differences at (I =467 nm). The extra absorption at | c3, that can be
> |d_en_t|fy|ng specmc_ dlfferer_u:es in the absorption sgr_lature in order to Z oad _L 412, 440, 467 and 500 nm (ANOVA). The attributed to chl c3 alone, can be approximated by an
discriminate Phaeocystis from diatomsin pure cultures and field samples z A largest difference is obtained at 467 nm exponential interpolation of the total absorption a,, between :
< retrieving these differences in the reflectance spectra in field samples 0.0 - : : ' (F=615, p<0.001) corresponding to Iyandl 5 30 j i j T T
dominated by Phaeocystis or diatoms 400 450 500 550 600 650 700 ghgyrption of chiorophyll ¢3 (chl c3). . 1ol 440 450 4\203/6‘;;1 (:2'; 4% 500
< using these differences, to develop an algorithm to detect the presence of acs(l @) = all a) - &l )™ * a(l )" (1) where w= I”_ 7 L
Phaeocystisin the field. 0.004 2 The reciprocal of water-leaving reflectance
. X . r ol n) (Fig.5) is compared to baselines obtained by
g 0002 The second denvaFlve analysis (Fig.2B) Assming:  a, (1,)» &, (I )t for i=12.c3 (2) exponential interpolation between 450 nm
METHODS g A DA of the mean absorption spectra of both taxa T (1) and 480 nm (bold lines).
b 0.000 7 7 shows that Phaeocystis present a minimum
Cultures - Pure strains of the diatoms Thalassiosira rotula and Ditylum e V a 467 nm whichislessevident in diatoms,| | gypgituting (2) into (1) gives e 1 62 1 oO6x 1 &
brightwellii and the haptophyte P. globosa were grown in a culture room at § making this wavelength appropriate for| | the retrieval algorithm as(l ) :i = g = :*g (v rulwe)  (3)
8°C under two light intensities (10 and 100 mmol quantam2 s?). -0004 1 T discrimination between taxa based on reflectance (r ) : &l &)™z &ru( )" m
) . . ] ) -0.006
Field samples - Sampling was conducted in Belgian and adjacent coastal mD @ 59 E=D G 6D W 4- Validation of the Phaeocystis-detection algorithm based on reflectance
waters during several campaigns at different seasons from 2004 to 2007 Wavelength (nm) Aphytoplankton [yellow substance
aboard RV Belgica. Sampling areais reported in Fig. 1in red. 20 ey £ 25
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Light absorption — Particle absorption (&) on filterswas measured with the & 157 extrachl c3 from rw baseline error
;rminehnajfﬁﬁggtfnci:qal?\loﬁgiﬁn & ISR 19;): )i Flllterkst Wee 104 002 [ A significant regression is obtained between extra chl ¢3 absorption from water-leaving reflectance (r,) and measured
Sttt ] Aption|(aap). Phytoplankton | 001 - T — Phaeocystis chl ¢3 concentrations (2 = 0.66, p < 0.0001) (Fig. 6A, filled diamonds) and between extra chl c3 absorption from
absorption (a,,) was obtained from a,, = - Pathlength correction was = i X :
. B edfeh ina T & F %n 13‘;3 ZBBM absornti I | ) ) quam ) water-leaving reflectance and Phaeocystis cell number (2 = 0.72, p < 0.0001 ) (Fig.6A, open diamonds) .
L - % ng . _? rz’ egbso )‘_ ] solr pégn was o ! ' ! ' ! ' s ! ' ' ' ' ' The algorithm uncertainty was calculated by applying the algorithm to non-chl ¢3 containing phytoplankton absorption
TR QUIE GIELS, VS A e ESEE CUEETEs 400 450 500" 550/ 6007 6501 700 70 400 450 500 550 600 650 700 750 on the one hand and to yellow substance (Y S=CDOM+NAP) absorption on the other hand. This correspond to the
Weter-leaving ref & = B BCDOMed - N e () Wavelengh () error, expressed in absorption, calculated by the baseline for samples with absence of chl ¢3 (Fig.6B). The Y'S baseline
Water-leaving _reflectance (rw) = WEz=ti . S wat?r WSl Ui error is nearly zero. The baseline error for non-chl ¢3 phytoplankton has a maximum value of 0.006 meaning that below
RAMSES hyperspectral spectroradiometers,  “Method 1" of the NASA| |The enhanced absorption at 467 nm, corresponding to absorption of chi ¢3, is also retrieved in| |this value the algorithm is not able to detect extra chl ¢3 from Phaeocystis. Thus, the limit from which the Phaeocystis
protocols (Ruddick et al. 2006). field samples of total absorption (Fig.3) and reflectance (Fig.4) dominated by Phaeocystis. bloom can be quantified is 0.6 mg chl c3 m3 equivalent to 5.5x106 cells L1,
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