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. Context

Intertidal mudflats (estuary & bay) = highly productive ecosystems

e Habitats for organisms (feeding, nursery, spawning ground, ...)

e Local activities (aquaculture, tourism, ...)

e High anthropogenic pressure




. Context

Intertidal mudflats (estuary & bay) = highly productive ecosystems

e Habitats for organisms (feeding, nursery, spawning ground, ...)

e Local activities (aquaculture, tourism, ...)

e High anthropogenic pressure

This productivity is mainly supported
by microphytobenthos (MPB)



. Context

e The microphytobenthos (MPB):

e |s constituted of billions of microalgae cells
e Form biofilm during low tide

e Color the surface of the sediment

e Mainly diatoms, but also euglena and cyanobacteria




. Context

e The microphytobenthos (MPB):

Difficulty of access

How to assess MPB
Diversity,

Biomass and

Primary Production

at the ecosystem level

?



Context

e The microphytobenthos (MPB):

Remote Sensing approach




Main Objective

“Assess the diversity, the biomass and the primary production
mlcr@ﬁhytobenthos inhabiting intertidal mudflats at the ecosystem

,;;g s remote sensing approaches
= B\
. Understand how and why MPB optical properties change in time g

If optlcal changes can be detected by sensor imagers to be map
. ngelop new algorlthms to be applied to images to map MPB
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_Estimation of the optical properties of biofilm

By spectroradiometry, from a radiative transfert model MPBOM
(Kazemipour et al. 2011), modified by Launeau et al. 2018
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_Estimation of the optical properties of biofilm

By spectroradiometry, from a radiative transfert model MPBOM

(Kazemipour et al. 2011), modified by Launeau et al. 2018 3
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_Estimation of the optical properties of biofilm

0.5}
By spectroradiometry, from a radiative transfert model MPBOM | I Biomass (mg.m-2)
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Diversity effect

Green strain Brown strain
Dunaliella tertiolecta Entomoneis paludosa

Incident light

Reflectance, p

Blue strain * Red strain
Spirulina platensis Porphyridium cruentum

Transmittance, T



Diversity effect
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Diversity effect
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. Biomass effect
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_Ecophysiological effect (High Light vs. Low Light)

Reflectance
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_Estimation of the light use efficiency

Biremis lucens
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_Estimation of the light use efficiency AND primary production

* First step to the primary production estimation by spectroradiometry:

Electron Transport Rate (ETR) = LUE x o X E

y = 1.0112x
R? = 0.96337
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ETR from fluorometry



_Estimation of the light use efficiency AND primary production

* First step to the primary production estimation by spectroradiometry:

Electron Transport Rate (ETR) = LUE x o X E
120 -

y =1.0112x
R?=0.96337
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. Context

Intertidal MPB

* Can be responsible for up to 17% of the ocean GPP although

occupying only 0.03% of their surface

* |n spite of their potentially high contribution to the Global
Carbon Budget, their actual contribution remains unknown

* OBJECTIVE : estimate the GPP by remote sensing



GPP mapping by multispectral remote-sensing
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Etablissement des algorithmes en laboratoire (These de Meng Zhang)

* Biofilms naturels (Avril et Octobre 2019, Janvier et Juillet 2020 )
* Controle de la lumiére et de la température : 0 - 2300 umol photon.m=2.s1; 17°C, 25°C, 40°C

e Triplicats ; 2 heures d’incubation

* Respiration mesurée pour chague température, a 'obscurité
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Etablissement des algorithmes en laborat( e et

1200

1000

Eerlectance

800

600 [

400 p

400 500 600
Wavelength {nm)

700

* Raw data

* Radiance

* raw Reflectance

* forward MNF

Process flowchart * inverse MNF

* Reflectance free
of noise

Spectral Profile

Seconde derivative
o

Ay

HySpex VNIR 1600 R + T*Ry + T2 (Rg)*R+ ...

(400-1000nm) \ / / / k 7

2000 [y,
1500

1000

Absarption ceerficlent

500 |

R

— =
a0a

500 600 . 700 00
Wavelength {nm)



Résultats préliminaires

GPP-dd670/680 at 15°C,autumn
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Flux de C par eddy-covariance atmosphérique et imagerie hyperspectrale
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Résultats préliminaires

HypEddy (Footprint EC)
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HySpex Mjolnir VS-620

V-1240 S-620
Spectral range 400 - 1000 nm 970 - 2500 nm
Combined spectral range 400 - 2500
Spatial pixels 1240 620
Combined spatial pixels 620
Spectral channels and sampling 200 bands @ 3.0nm 300 bands @ 5.1 nm
Combined spectral channels 490
F-number F1.8 F1.9
FOV 20° 20°
Combined FOV 20°
Pixel FOV across/along 0.27/0.54 mrad 0.54/0.54 mrad
Combined Pixel FOV across/along 0.54/0.54 mrad
Bit resolution (raw data) 12 bit 16 bit
Noise floor 23e- 80 e-
Dynamic range 4400 10000
Peak SNR (at full resolution) > 180 >900
Max speed (at full resolution) 200 fps 100 fps
Power consumption® 50w
Dimensions (I-w-h)* 374 -202 - 178 mm
Weight” ~6kg vivie en inieligence

*Includes IMU/GPS and DAU - <6.5 kg including standard battery APPLANIX APX-15/20 UAV

)E PAYS DE LA LOIRE "?I\N/Iaé?;ggole Plateforme UAV (drone) ULM
Autonomie 30 minutes 4 (disque) @ 7 heures
Vitesse 0,7a35km/h (80)150 a 200 km/h
Altitude 202 140m 600 a 3500 m
Fauchée 6,5a46 m 215231272 m
Pixel dir. vol 0,3a7,6cm 332189 cm

Temps intégration 3,6 2756 ms 3,6 345 ms



Application du modele T ,
PP b | Luminance
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Exemple d’acquisition V1240 du 16 octobre 2020 avec chaine complete de traitement

Mjolnir V1240 comptes bruts

Mjolnir V1240 radiance
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Application du modele a des supports naturels

Lestimation de la biomasse par un pic oo a 673 nm est tres dépendante du support (background B) !
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Application du modele a des supports naturels

Estimation du support sur I'intervalle 750-920 nm de translucidité des biofilms par une droite Sélection du MPBT par combinaison d’indices
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Réflectance a 1800m (1m / pixel)

Lignes faites apres 900 et 600m
En fin de marée

Lignes faites avant 900 et 600m
En début de marée




Réflectance a 900m (0.5m / pixel)

Acquise apres 1800m mais avant 600m




Réflectance a 600m (0.3m / pixel)

Acquise apres 1800m et 900m
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Réflectance a 1800m (1m / pixel)
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Réflectance a 900m (0.5m / pixel)
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o a 1800m (1m / pixel)
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Simulation d’un pixel de 30 x 30 m vu a 600, 900 et 1800 m d’altitude
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