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Mappinggrasslandregetationsfrom Earthobservation, a challenge:
A Small spatiagxtent of suchhabitats

A Spectrakimilarity
A High spatial, structural and tempordiversityof the vegetationcomposition

1phytosociology

Multiscale mapping oftmarshland vegetation: contributions'ofliemote sehsing and sy
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To be « Earthobservable» seminatural vegetationsneedto be aggregated

AAggregatiorbasedon physionomydid not provide information on plant community species
composition, which islecisivefor determining conservatiostate

A 4

Grasslands Plantspecies?

Woods

Plantspecies?

A 4

AAggregatiorbasedon plant speciescombinationsmay ensure tescale up and dowrand
provide access to the specie composition

Synphytosociology Phytosociology

Plantspeciea
Plantspecieb

A 4

A 4

Plantcommunityl

— Plantspeciee
Combinationof plant P

communitiesA

Plantspeciea

A 4

A 4

Plantcommunity2 Plantspeciec

Plantspecief
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Multi-scalar combinations of vegetation in relation to the spatial resolution of the remote
sensing images

. 30m . Synphytosociology
_ Geosigmetum

HSR images Combination of plant
SPO¥H communites
Landsath [ L X

Phytosociology

Plant communities

. Species combination

VHSR images
SPOT6
Rapideye -
t f SAFRS&X . 01m -~ Plant population

- - Individual specie
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Plant communities
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Geosigmetum (plant community vassiveeseosioerg| Salt | Brackish Subbrackish| Fresh
combinations) sedev er[n BV v BR P BV

CORINE EUNIS  PLANTCOMMUNITIES

Halophilicassociations

SynOptldable hlghllg htlng COmblnaUOnS 15.21  A2.6543 Spartinetummaritimae 1

15.622 A2.627 PuccinellieArthrocnemetunmperennis 1l

of vegetal associations for French 16621 AZ627 BostychieHalmonietumportulacoids !
R 15.35 A2.611 Beto-Agropyretumpungentis v v
Atlantlc marSheS 15.321 A2.645 HalimionePuccinellietummaritimae \VARRI\VA VAR
15.1112 A2.6513 Salicornietunramosissimae \% \% \%
15.624 A2.627 PuccinellieArthrocnemetumfruticosi | v |

(adapted fromGéhuet al, 1991) loszs A2oi4 souprosuteunre Y A

Festucetuniittoralis

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
15.331 A2.63B Juncetunygerardii I Vol
15.13 A2.653 ParapholiseHordeetummarini mnm mjyv \ : 1l | \%
Meadowsassociations 1
15.52  A2.623 AlopecureJuncetungerardii 1l Voo o \
15,52  A2.623 TrifolioOenanthetum silaifoliae | \Y :V 1] \%
Expressedis percentage occurrence Of | 1552 A2623 Ranunculedenantheturfistuiosae Wwoyvom v
.. 15,52  A2.623 CariciLolietumperennis v ! | \
plant CommunltleS' 37.21 E3.41 SenecieDenanthetumsilaifoliae : [\
37.21 E3.41 GratioloOenanthetumfistulosae 1 n v
L 37.21 E3.41 Hordeololietumperennis : (1Y
A _ 1 to 20% 37.21 E3.41 EleochareOenanthetumfistulosae 1 \%
Subaquaticassociations 1
53.17 B1.84  Scirpetummaritimi compacti 1l \Y :V 1] \
AI 21 400/ 53.11 A4.551 Phragmitetumaustralis I v Vv v n
= tO 0 53.13 C3.23 Typhaetum angustifoliae | :V 1l \% 11
53.145 C3.24 Butometumumbellati | | \% | 1]
e 53.11 A4.551 Scirpetum lacustris e 11l non
A” - 41 to 60% 53.219 D5.21 Althaeaofficinalisand Carexotrubae community : Vo vl v
53.213 D5.21  Caricetum ripariae N 1l n v
, 53.16 C3.26 Phalaridetumarundinaceae b mnm v
AV_ 61 to 80% 53.15 C3.25 Glycerietunmaximae : I Y,
37.1 E5.421 Symphytunofficinalecommunity 1 \%

AV -81 to100%

BV: BretoAvendéenmarsh BR : Brouagmarsh N : Noirmoutiermarsh P: Poitevinmarsh
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Geosigmetum (plant community wassiveceosonery| Salt | Brackisht Subbrackish] Fresh
- - I
ComblnatIOnS) aredBv BR|N BV |BV BR P BV P
. CORINE EUNIS  PLANTCOMMUNITIES 1
Classes CORINE Biotope EUNIS !
Water 13 Tidal rivers and . . Halophilicassociations \
. A5 Sublittoralsediment .
estuaries ) » 6543 S .
. 15.21  A2.6543 Spartinetummaritimae 1l |
2 Norrmarine waters C Inland surface waters 15.622 A2.627 PuccinellieArthrocnemetunmperennis 11l 1
S.alt marshep 15.621 A2.627 BostrychieHalimonietumportulacoidis I !
Brackishmarshes 15.35 A2.611 BetoAgropyretumpungentis (VAR |
Subbrackishmarshes 15.321 A2.645 HalimionePuccinellietunmaritimae Vo IVIVoo
Emﬁh maﬁhﬁs 15.1112 A2.6513 Salicornietunramosissimae \% \% \% :
r — 15.624 A2.627 PuccinellieArthrocnemetumfruticosi | v I
R AR 2 W ringin
eeds 53 eed beds c3 ateffringing 15.623 A2.614 AgropyroSuaedetunverae vV V|V m 1
reedbedsand tall 15.333 A2.63A Festucetuniittoralis T AR\
helophytes other than 15.331 A2.63B Junceturgerardii nfmovoa
canes 15.13 A2.653 ParapholiseHordeetummarini m v \ : I} | \
Evergreerwoods 45 Broadleaved G2 Broadeaved Meadowsassociations I
ii 1
evergreen woodland evergreen woodland 1552 A2.623 Al'ope'cura]uncetunger.ar(.iu ' 1l \% X - \%
— - 15,52  A2.623 TrifolioOenanthetum silaifoliae | \Y . v ol \%
Decidiouswvoods 44 Alluvial and very wet  G1.4 Broadleaved 1552  A2.623 RanunculeOenantheturfistulosae m v onov
forests and brush swamp woodland not on 1552 A2.623 CariciLolietumperennis v ! I v
acid peat 37.21 E3.41 SenecieDenanthetumsilaifoliae : \VA\Y,
Crops 82 CI’OpS 11.1 Intensive unmixed 37.21 E3.41 GratioloOenanthetumfistulosae 1 n v
crops 37.21 E3.41 Hordeololietumperennis : (1Y
37.21 E3.41 EleochareOenanthetumfistulosae 1 [\
Sands 16.1 Sand beaches Bll Sand beach Subaguaticassociations '
driftlines 5317 B1.84 Scirpetunmaritimi compacti v vy
Vegetal dune 16.22 Grey dunes B1.4 Coastal stable dun¢ 53.11 A4.551 Phragmitetumaustralis [T AV VAR \ VAR I TR
grass|and (grey dunes) 53.13 C3.23 Typhaetum angustifgliae | : A\ \ 1l
Impervious 86 Towns, villages, J Constructed, industrial 53145 (€324~ Butometumumbellat A
industrial sit nd other artificial 53.11 A4.551 Scirpetum lacustris LRI 1 I} 1]
Industrial sites a _0 er artimcia 53.219 D5.21 Althaeaofficinalisand Carexotrubae community : Vo vl v
habitats 53.213 D521 Caricetum ripariae L molm v
Salt pans 21 Lagoons X02 Saline coastal 53.16 C3.26 Phalaridetumarundinaceae Il n v
lagoons 53.15 C3.25 Glycerietummaximae : | \
37.1 E5.421 Symphytunofficinalecommunity 1 \%
BV: BretoAvendéenmarsh BR : Brouagmarsh N : Noirmoutiermarsh P: Poitevinmarsh
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Remote sensing data used

SRTM90 m) Landsat8 (30 m / 8 spectral bands / 16 bits)

2013/09/03 2013/12/08

Multiscale mapping 0
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Classification flowchart Step 117 Marshlands delineation

Digital Terrain Model

DTM thresholding

Reference data

Marshlands map

Field-based maps

———————————————————————————————————————————————————————— Aerial photographs --

Step 21 Vegetation mapping

L8 dataset 1 L8 dataset 2 L8 dataset 3

2013/09/03 2013/12/08 2013/09/03 .
Training samples |
2013/12/08 -
o Validation samples |
L8 Classification —H <
L [
A

Confusion matrix —’-‘
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Marshlands delineation

Vilaine marsh

ACoastamarsheswere correctlydelineated

AEcologicamask basedon topographicakriteria

~ Grand-lieu lake

Noirmoutier Breton Vendéen

marsh

'{\ ‘;.
A

o4

Poitevin
marsh

Rochefort
* marsh

X .
—r f"(
Oléron s& 8
S s
\ ‘. .

\\ . Brouage marsh

AV,

- Waters - Marshes It ‘ ; “.." Seudre marsh
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w
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-,{;f':'«,aj'{‘w_ Vilaine marsh

Vegetation mapping

AGeosigmetum of coastal marshes were
automatically mapped at regional scale (4632 km?)

Noirmoutier

AGeosigmetummap highlightswater management
types foreachmarsh

ASalinitygradientfrom seato uplands

Poitevin
* marsh

Rochefort

Landsat imageised Globalaccuracy
(0) - Waters - Broadleaf woods ron ;
S u m m er 77 i 4 /0 :l Saltmarshes - Crops o
. |:] Brackish marshes I:] Sands
WI nter 72 . 5 % l:l Sub-brackish marshes |:] Vegetal dune
. [:] Fresh marshes - Impervious
Summer+winter 85.6 % [ Reeds B st pans
- Evergreen woods
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Comparison between Landsat classification and field based map i Poitevin marsh

YaRshugon

Landsat
classification

Field-based
NATURA 2000 map

- Waters Fresh marshes - Crops

|:] Saltmarshes : Reeds :] Sands

l:] Brackish marshes - Evergreen woods |:| Vegetal dunes

l:] Sub-brackish marshes - Broadleaf woods - Impervious
- Salt pans
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Geosymphytosociology

ACombininggeosymphytosciologgind LandsaB image appears a relevant
approach for plant community combination mapping at regional scale

AMultiseasonal analysis increases the classification accuracy
AUseful map to further field vegetation survey@afhalframework)

AApplication to other vegetation typeggplains vegetations)

Multiscale mapping of marshland vegetation: contributions ofliemote sensing and symphytosociology ’
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o 30m
Geosigmetum
@ Combination of plant
a0 communites

Plant communities

' W Species combination

B

01m Plant population
e - - Individual specie
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2013
calibration site devoted to the
fine scale diversity of plant
associations
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mapping -« S S mapping=~ L.
How much does grazirmpduced heterogeneity Alopecure
impact plant diversity in wet grasslands? Juncetum
Alopecuro gerardii
Juncetum variation at
Al gerardii variation | 4 | Plantago
Unsupervisectlassification of plots Opecure at Hordeum COronopus
- Juncetum marinumand
Bouzilléet al., 2010 gerardii Plantano
variation at {¢?¥ coronogpus
Hordeum
marinum
Alopecure Alopecure LW
Juncetum Junce(;[_l_Jm
. erardii
gerardii 9
variation at /
Elytrigia
repens
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3 0 50 100 200 Meters N
0 50 100 200 Meters N [T R S S R
*  Validation plots

s+ meneoos - GlObAl @accuracy 59 %
Pleiadesmage 27th may 2013 T o

Carici-Lolietum perennis variation a Elytrigia repens

F i e I d Sam p I i n g m ay 2 O 13 Carici-Lolietum perennis

Alopecuro — Juncetum gerardii

EXpe rt based typo I ogy I Groupement & Carex divisa

Alopecuro — Juncetum gerardii variation @ Hordeum marinum

S u baSSOC I atl O n Ievel BN Groupement a Juncus inflexus

[ Alopecuro — Juncetum gerardii variation & Elytrigia repens

Alopecuro — Juncetum gerardii variation a Plantago coronopus
Alopecuro — Juncetum gerardii variation & Plantago coronopus et Hordeum marinum

M ah al an O b | $I a S S I.I:I C atl O n Ranunculo —Oenanthetum fistulosae variation a Juncus gerardi

Ranunculo —Oenanthetum fistulosae
[ Ranunculo —Oenanthetum fistulosae variation & Agrostis stolonifera
I Ranunculo —Oenanthetum fistulosae variation & Eleocharis palustris

Multiscale mapping of marshland vegetation: contributions offiemote se;wsing and symphytosociology™



SGedsigmetim sPlanticommunities » ™ e
4 E et v - Cangclugion

- “5“

nf¥oduttion: A s

‘ mapping

2014
Larger site
Plant association level
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Pléiades imagé)

Imageanalysis ]
Unsupervised Supervised
classification of classification of
Pléiades imagél) Pléiades imagéVl)
New
: T iteration
Fieldsampling(lll)
Phytosociological
analysis v
Semisupervised -
e Al Trainingsamples
classification of releveg )
(v selection(V)

The Prodrome of french
vegetation
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Pleiadeanultispectralimaqge:

A Acquisition daterth June2014(vegetationoptimum just before mowing)

A Spatialresolution2 m

A Spectradepth 11 bits

A ProjectionUTM 30N: not reprojectedto avoidresamplingandkeeporiginal pixel value
A Atmosphericalcorrections(FLAASH)

A Orthorectified (LIDARDTM)

112field plots :

SampledetweenMay andJune2014
DGPY10 cm horizontaaccuracy
Floristiccomposition (Brausblanquet index)
Biomassampling

Heightof vegetation

Soilcover

Soilmoistureandsalinity

> I > T D D D
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Plotdelineationcriteria:
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AlopecuraJuncetunygerardiivariation atHordeummarinum

Plotdelineationcriteria:
A Homogeneouplant community

Multiscale mapping ofimarshland vegetation: contributions ofliemote sehsing and symphytosociology™



Gee‘slgmetum rPIant communities
mapping A Ing!

J’[ﬁoduction |
: -~ - ; " D "‘.

...' e R 7
Cang¢lugion

AlopecuraJuncetunygerardiivariation atHordeummarinum

Plotdelineationcriteria:
A Homogeneouplant community
A windowssize 6 x 6 mig 3x3 pixels
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AlopecuraJuncetunygerardiivariation atHordeummarinum

Plotdelineationcriteria:
A Homogeneouplant community
A windowssize 6 x 6 mig 3x3 pixels
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AlopecuraJuncetunygerardiivariation atHordeummarinum

Plotdelineationcriteria:
A Homogeneouplant community
A windowssize 6 x 6 mig 3x3 pixels
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Semisupervised classification of field plots / PAMPartitioning Around Medoids

Tichyet al.,2014 :

A Eachnewunsupervisedlassificatioryieldspartitionsthat are partly inconsistentvith
previousclassifications and change groopembershidor somesites.

A Incontrast supervisednethodsaccountfor previouslyestablishedregetationunits, but
cannotdefinenewones

A Thereforewe introducethe conceptof semisupervisealassification tacommunity
ecologyandvegetationscience Semisupervisedclassificationformally reproduceshe
existingunits in a supervisednode andsimultaneouslyidentifies newunits among
unassignedsitesin anunsupervisednode.

Multiscale mapping of marshland vegetation: contributions ofliemote sensing and symphytosociology’ .
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Semisupervised classification of field plots / PAMPartitioning Around Medoids

d=0.2

Multiscale mapping of marshland vegetation: contributions offiemote sehsing and symphytosociology™



« -

oductionid

Szoup Nao.
No. of relevés

oo

o
"
b
-

ca soutellata
HMyososis laxa

Trifoli
Sonchus speciss
Losus sorniculab

o
-
[
n

um micheliznum

Agropyron repeans

Bolboschosnus maritimus

o
-
o
b

Senecic aguatisus
Cardamine parviflora
Polygonum speciss

Lecntodon autumnalis

Hyosobis osspitosa

W oo

Junous arsiculatus
Stellaria palustris
Equisetum palustre
Carex disticha

Lecntodon Bispi
Poaz pratensis
Trifolium subberraneum
Carex ouprina

I

spuria

o o fa o ks fa K Ry ks b b Oy Lo ha b ke b ks G b kG

o
'
1
i

Carex divisa
Cirsium arvenss
Cirsium vulgase

Phleum pratenss

Carex hirsa

Vicia orasoca
Lescntodon Saraxacscides
Cynosurss orisbatus
Ranunsulus reptans

o
'
1
i

Vulpiz bromoides
Fastuoa rubra

ks
'
1
i

Socrsonera k:
Gal

Rumex acetocsa

fum verom

ilaum silaus
Lathyrus pratensis
Poa trivialis
Alopesurus pratensis

Taraxacum cffigcinale

Poa annua
Pioris echicides
Medicago hispida

Trifolism resupinabum

Plantage major

a@
'
1
i

Vulpiz alapscurcs

L P e R P R A )
'
1
i

Lathyrus nissolia

Eypochoeris speoiss
Vigia sabiva
Hordeum marinum
Parapholis st
Spergu
Epilok:
Sonchus asper
Rumex speaiss
Tragopogon porrifsl
s

Lathyrus speoiss

aria media

n Airsutum

lens flos—ouculi

Allium species
Carex distans
Galium aparine
Fastusa arundinacea

Sota kRa bk b b R R Ra oy b b b
|
1
i

[ JENETS TN Y

Multiscale mapping ofimarshland vegetation: contribut

Gedsigmet

U #Plant

‘mapping

w
w
m

14.5

10NS"O

communities

1z 1z 1ls 15 18 17
z 11 1 1z z 9

]
B m
w

MR

[ER T
lmm o

R

WD R R R
Imom o mw e

>

1

Canct

-

4

fliemote sensing and symphytesociology ’



“Number ofrelevesperphytosomologmablass o

Holotype Number
of relevés

H15:RanunculeOenanthetuntistulosae; Menthetosumpulegii 23
H16:RanunculeMementumpulegii 4
H14:RanunculeOenanthetuntistulosae Eleocharetosunniglumis 10
H8 :GratioloOenanthetunfistulosaemoyen ;Ranunculotesunephioglossifolii 1
H2:EleochareOenanthetum fistulosaat Eleocharis Palustris 4
H18:CaricidivisaelLolietumperennis 25
H12 :HordecLolietumperennis 2
H4 :Senecig€Oenanthetummediaeoccidentale | 2
H11:Senecie€Denanthetummediaeoccidentale typicumde niveau moyen 1
H19:PlantaginiTrifolietumresupinati 1
H17 :TrifolioOenanthetunsilaifoliae Trifolietosunmresupinati 10
H25 :AlopecureJuncetungerardii 17
N :unclassified 12

'M_‘ultiscale "m\ap_—ﬁing ofimarshland vegetation: contrlbutlons (o) r;e'm,ote senSﬂng‘.and symphytesoc-uology
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Threesupervised classificationaere
assessed for plant communities mappi

Plant communities

- Unclassified

- Gratiolo-Oenanthetum fistulosae ; Ranunc ophioglossifolii

- Senecio-Oenanthetum mediae occidentale typicum
- Ranunculo-Mementum pulegii

- Ranunculo-Oenanthetum fistulosae ; Menthetosum pulegii
- Senecio-Oenanthetum mediae occidentale |

- Alopecuro-Juncetum gerardii

- Carici divisae-Lolietum perennis

- Hordeo-Lolietum perennis

[:] Plantagini-Trifolietum resupinati

- Ranunculo-Oenanthetum fistulosae; Eleo uniglumis
[:I Trifolio-Oenanthetum silaifoliae; Trifolietosum resupinati
- Eleocharo-Oenanthetum fistulosae A Eleocharis Palustris

Mahalanobis classification SVM classification

Multiscale mapping oftmarshland vegetation: contributions'ofliemote sehsing and symphytosociology™
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Mahalanobisclassificationwas chosen

AFinegrained vegetation patterns were
preserved

Pléiades false composite

Plant communities

- Unclassified

- Gratiolo-Oenanthetum fistulosae ; Ranunc ophioglossifolii

- Senecio-Oenanthetum mediae occidentale typicum
- Ranunculo-Mementum pulegii

- Ranunculo-Oenanthetum fistulosae ; Menthetosum pulegii
- Senecio-Oenanthetum mediae occidentale |

- Alopecuro-Juncetum gerardii

- Carici divisae-Lolietum perennis

- Hordeo-Lolietum perennis

[:] Plantagini-Trifolietum resupinati

- Ranunculo-Oenanthetum fistulosae; Eleo uniglumis

[:I Trifolio-Oenanthetum silaifoliae; Trifolietosum resupinati
- Eleocharo-Oenanthetum fistulosae A Eleocharis Palustris

R 1

Mahalanobis classification SVM classification

Multiscale mapping oftmarshland vegetation: contributions'ofliemote sehsing and symphytosociology™



preserved

crops omew plant communities

Pléiades false composite
Plant communities

- Unclassified

- Gratiolo-Oenanthetum fistulosae ; Ranunc ophioglossifolii
- Senecio-Oenanthetum mediae occidentale typicum
- Ranunculo-Mementum pulegii

- Ranunculo-Oenanthetum fistulosae ; Menthetosum pulegii
- Senecio-Oenanthetum mediae occidentale |

[:I Alopecuro-Juncetum gerardii

- Carici divisae-Lolietum perennis

- Hordeo-Lolietum perennis

:| Plantagini-Trifolietum resupinati

- Ranunculo-Oenanthetum fistulosae; Eleo uniglumis
|:] Trifolio-Oenanthetum silaifoliae; Trifolietosum resupinati
E Eleocharo-Oenanthetum fistulosae A Eleocharis Palustris

Mahalanobis classification SVM classification

Mahalanobisclassificationwas chosen

AFinegrained vegetation patterns were

AUnclassified pixels = trees; waters;

Multiscale mapping ofimarshland vegetation: contributions'ofliemote sensing and symphytesociology™



#Planticommunities

A ‘map»ping** \

Grasslands identification

Multiscale mapping of marshland vegetation: contril utions ofliemote sensing and symphytosociology™



