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operationalize EBVs '

French BON EBV operationalization pilot: Reusing existing informatics solutions and open-
source communities to connect existing data ecosystem and high- performance computing
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H# Context

Purpose depends on the origins

« Hier est derriere, demain est un mystere, mais aujourd’hui est un cadeau,
C’est pour cela qu’on l'appelle présent | »

R

révolution
californienne

Sylvie Laurent

L'extr8me droite et la Tech vivent une idylle qui nous
plonge en pleine dystopie. Cela ne s'est pas fait
enun jour: les forces qui ont mené a notre moment
techno-réactionnaire ont une histoire. Celle-ci
débute en Californie, a partir des années 1960,
lorsque le projet politique de Ronald Reagan,

fait de néolibéralisation et de restauration

des hiérarchies, fagonne la Silicon Valley.
Redécouvrir cette généalogie méconnue permet
de comprendre que I'industrie qui domine le monde
aujourd’hui n'est pas née de la contre-culture

me de la contre-révolution californienne.

Seuillibelle

https://www.vitav.fr/le-cercle-des-poetes-disparus-une-ode-a-la-liberte/

« Carpediem »

https://www.flickr.com/photos/27474697 @N08/2556889078




Galaxy Ecology: Origins



# Make a « dream » come true

From Datanami to citizen science

Exaponential
Quantity of global digital data, exabytes

Sequencing Progress vs Compute and Storage
Moore's and Kryder's Laws fall far behind

100000000 | —— Microprocessor (MIPS)

—— Sequencing (kbases/day)
10000000 ~— Compact HDD storage capacity (MB)

1000000 ﬂ

100000 —
10000 /_% !
1000

/ / Source: EMC/IDC Digital Universe Study, 2011

100 7

Fig. 1. A doubling of sequencing output every 9 months has outpaced and over-
taken performance improvements within the disk storage and high-performance
computation fields.

“One of the grand challenges of data-intensive science is to facilitate knowledge
discovery by assisting humans and machines in their discovery of, access to, integration
and analysis of, task-appropriate scientific data and their associated algorithms and
workflows.”

FORCE11 Future of Research Communication & e-Scholarship (2016)
The FAIR principles https://www.forcell.org/group/fairgroup/fairprinciples

Research
Lifecycle

Shared
data

Analyse [NELEES
data thedata

« 65 Millions d’observateurs »

A national project to allow citizen scientists take part to
research lifecycle, not « only » as free data providers, but
also to:

Generate ideas/projects,
Analyze data
Generate a common knowledge
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# Make a « dream » come true

A collaborative analysis platform for citizen scientists

Goals:

- Reinforce research team with citizen to face the datanami

- Go outside the researcher’s formalism

- Ameliorate global knowledge about environment to better protect

Findings:
- We need to give access to real scientific data and source codes
- We need to capitalize on existing research e-infrastructure initiatives, tools and services
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Goals:
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- Go outside the researcher’s formalism

- Ameliorate global knowledge about environment to better protect

Findings:

- We need to give access to real scientific data and source codes
- We need to capitalize on existing research e-infrastructure initiatives, tools and services

2017: birth of Galaxy for Ecology initiative

= Galaxy

PROJECT




# Make a « dream » come true

A collaborative analysis platform for citizen scientists

Goals:

- Reinforce research team with citizen to face the datanami

- Go outside the researcher’s formalism

- Ameliorate global knowledge about environment to better protect

Findings:
- We need to give access to real scientific data and source codes
- We need to capitalize on existing research e-infrastructure initiatives, tools and services

2018: birth of European Galaxy-E instance

= Galaxy
= Galaxy Galaxy/ Ecology E

= useGalgﬁy




# Essential brick of a new Biodiversity research e-infrastructure

Galaxy-E as a essential component of PNDB French Biodiversity data hub

2018: birth of PNDB french biodiversity e-
infrastructure

(I:i)gll)eonlr?ggs%gaBliodiversité - - Galaxy Galaxy / ECDIDgy E

= useGalgﬁy




# Essential brick of a new Biodiversity research e-infrastructure

Galaxy-E as a essential component of PNDB French Biodiversity data hub 2018

Advantages:

- Start rapidly, in TRL9, even with limited resources

- No need human resources for system administration
- No need IT resources

-« Just » develop components when needed / human resources funded
- Benefit from & contribute to an existing large community

« Duty »:
- Have a minimum quality process => best practices / FAIR principles so, also an advantage!

2018: birth of PNDB french biodiversity e-
infrastructure

. P6le National -
\\de Données de Biodiversité _ — Galaxy Galaxy / Ecology E

= useGalgﬁy




# Essential brick of a new Biodiversity research e-infrastructure

Galaxy-E as a essential component of PNDB French Biodiversity data hub 2018

7/&61/’1& you /

2018: birth of PNDB french biodiversity e-
infrastructure

PSle National
de Données de Biodiversité _ =.. Gala)(y Galaxy / Ecology E

= useGalgﬁy




# Essential brick of a new Biodiversity research e-infrastructure

Galaxy-E as a essential component of PNDB French Biodiversity data hub 2018

f\- 'H‘l!lll!f;|:||||||||||1|||||l| ‘ b First BON dev session for me

Just coming from Galaxy
conference in USA

Discovering Bon in a box
with Maria Cecilia, Mike,
Henrique

=> Push forward the idea to have a subpart of Bon in a
box giving access to tools, tutorials and computational

2018: birth of .PNDB french biodiversity e- workflows user can execute to test / reuse ....
infrastructure

PNDBES Mo s - = Galaxy Galaxy/ Ecology E |

= useGalgﬁy




# Essential brick of a new Biodiversity research e-infrastructure

Galaxy-E as a essential component of PNDB French Biodiversity data hub 2018

First BON dev session for me

Just coming from Galaxy
conference in USA

Discovering Bon in a box
with Maria Cecilia, Mike,
Henrique

B

=> Push forward the idea to have a subpart of Bon in a
box giving access to tools, tutorials and computational

2018: birth of .PNDB french biodiversity e- workflows user can execute to test / reuse ....
infrastructure

& bon-in-a-box-pipelines

SRR [l = Galaxy caewi/ céooas €

—y useGaI%)&y




Galaxy Ecology meet EBV
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Needs for supporting KMGBF

Representativeness
Sensitivity
Comparability
Integration

Accessibility
Automation
Reproducibility
Rigor




000
000

O

3.14

Needs for supporting KMGBF

Representativeness |

Sensitivity
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Essential Biodiversity Variables

Accessibility
Automation
Reproducibility
Rigor




Needs for supporting KMGBF

Representativeness
- Sensitivity
D CO m pa ra bl l Ity Kissling et al. 2018 Biol. Reviews

. “for consistently producing and replicating EBV data
I ntegratlo n products it would be advantageous to develop and
preserve all data access, integration and processing
steps as an open-source and freely available service
in a workflow-oriented e-infrastructure that supports
curation, sharing and collaboration”

3.14

-

000

O
O
O

EBV workflow e-infrastructure
Accessibility
Automation
Reproducibility
iRigor

Observations

AN

Kissling et al. 2018 Biol. Reviews




Needs for supporting KMGBF

Representativeness\ \ - - - - - .

Sensitivity

j Com para bl | Ity ‘ Kissling et al. 2018 Biol. Reviews

. “for consistently producing and replicating EBV data
I ntegrat 1oNn ‘ l products it would be advantageous to develop and
preserve all data access, integration and processing

= Galaxy imonemie e
PROJECT curation, sharing and collaboration”
Accessibility
Automation
Reproducibility
I Rigor

Kissling et al. 2018 Biol. Reviews




=
"= ?F?)!EaCy Web platform to share and process research data

Permit easy access to cloud analysis and High Performance Computing
through interfacing of many programming languages

Four key principles

" Accessibility « Reproducibility « Transparency  « Peerreview




= Galaxy

PROJECT

yairection="wide )
tab[is.na(tab)] <- 0
# filename <- "touverunNom"
# chemin «- paste(rep,filename,sep="/")
# write.table(tab, chemin)
colnames (tab) <- sub("nombre.","",colnames(tab))

return(tab)
H

## sous jeux de donnees si choix d espece d annee ou d un pourcentage de carres
makesSousTab <- function(tab,vecsp=nuLL,echantillon=1,
methodeEchantillon="carre",,vecannees=nuLL) {
cat(" -- Fabrication du sous jeu de donnees --\n")
flush. console()
## reduction de la table a certaine espéces
if(1is.null(vecsp)) {
cat(” selection”,length(vecsp), "espece(s):\n => ")
cat(vecsp)
cat("\n")
tab <- data.frame(carre = tab$carre,annee = tabSannee,tab[,vecsp])
colnames(tab) <- c("carre","annee",vecsp)

## reduction de la table pour certaines annees
if(!'is.null (vecannees)) {
tab <- subset(tab,annees=vecannees[l] & annee <= vecannees[2])

## reduction de l1a table par une proportion de carre suivie
if(echantillon !'= 1) {
if (echantillon < 1 & echantillon >0) {
nbinit <- nrow(tab)

if (methodegEchantillon == "global™) {
nb <- round(nrow(tab)*echantillon)
cat (" echantillonage"”,echantillon*100,

"% des donnees par la methode",methodeEchantillon,"\n")
cat("” -> conservation de",nb,"lignes sur”,nbinit,"\n")
flush. console()
tab <- tab[sample(l:nrow(tab))[1:nb],]

} else {
if (methodeechantillon =="carre") {
cat("” echantillonage”,echantillon*100,

Calculate community metrics calculate community metrics from abundance data (Galaxy Version 0.0.1

Input file

B @ 0[O Notabulardataset available.

Observation data file, with location, year, species and abundance.
Choose the community metrics you want to compute

= Select/Unselect all

x All |

Presence/absence, Species richness, Simpson and Shannon index are systematically computed.

lIHiIHHEEIHHII

Calculate community metrics from abundance data




Galaxy Ecology: From a
platform to best practices In
Biodiversity data analysis



# Applying “Galaxy-E” best practices to reuse! REEF LIFE SURVEY fishes dat:

Acanthopagrus australis

:0.948 %
42,399 in 15 years

ORI SRRy

Atomization & Generalization to reuse & transpose

s
(G]g A? B GigaScience, 2025, 14, 1-12
C ENR\ E DOL: 10.1093/gigascience/giac122
OXFORD Review

Guidance framework to apply best practices in ecological
data analysis: lessons learned from building
Galaxy-Ecology PAMPA

00~

2000+

SEENE ME

1000~

Marine Protecterd Areas -
(PAMPA) fishes data DATRAS fishing data

SWC-IBTS-

Coline Royaux 12+, Jean-Baptiste Mihoub %, Marie Jossé ©#, Dominique Pelletier ©5, Olivier Norvez %, Yves Graphlca_l ab_stract - Levels of attainable best practices through the atomisation
Anne Fouilloux %, Helena Rasche © 10, Saskia Hilternann ®' !, Bérénice Batut ™ 1%, Eléaume Marc %5 pauli - general\satlon framework

Cuillaume Massé!, Alan AmosséY, Claire Bissery®%, Romain Lorrilliere %, Alexis Martin %, Yves Bas 329, 02 L75-
Thimothée Virgoulay”?, Valentin Chambon?, Elie Aaud 2, Elisa Michon®, Clara Urfer®™, Eloise Trigadet?" Global trend : 1.012 *
Cregoire Lois?, Romain Julliard %, Bjérn Criining "%, Yvan Le Bras ', and The Galaxy-E community o 9 9 0 9 2.
Classical Atomised Atomised and generalised Building generalised
unatomised script

v

+ 33.27 % in 26 years

uogeLen uosdurs

Atomised script

v

A
e

G

D

E

workflow  workflow with modular steps = workflows from open, 01

modular and licensed

uoneUEn ssRULL semAds

Guidance framework to apply
best practices in ecological data
analysis: Lessons learned from
building Galaxy-Ecology

PCl recommendation : https://doi.org/10.24072/pci.ecology.100694

Peer-reviewed &
recommended by

analytical steps

Dataset
Dataset
Dataset

2

(¥

uosdurs wsayy

ssauyaUTsenads uear

Royaux Coline*, Mihoub Jean-Baptiste’, Jossé Marie?,
Pelletier Dominique®, Norvez Olivier?, Reecht Yves’#, Fouilloux
Anne®, Rasche Helena!’, Hiltemann Saskia', Batut
Bérénice', Eléaume Marc'*', Seguineau Pauline'**, Massé
Guillaume'®, Amossé Alan'’, Bissery Claire®*, Lorrilliere
Romain®, Martin Alexis'®, Bas Yves*?, Virgoulay Thimothée?'?2,
Chambon Valentin'’, Arnaud Elie?, Michon Elisa®, Urfer
Clara®?, Trigodet Eloise?**, Delannoy Marie® Lois Gregoire?,
Julliard Romain?, Griining Bjérn*, The Galaxy-E community,
Le Bras Yvan?

year

VIGIE CHIRO bats data

Barbastella barbastellus global

Clzle|n

Global trend : 1.782* Global trend : 1.048 *
578806.57 % in 24 years +100.99 % in 24 years

pads

o Suspuny

BRI SSaIp

Reproducibility

Understandability - -
Interoperability - Reusability

Ercessibility - Findakbility

SsRLpY Samas Usal

Keywords: Biodiversity; Reproducible analyses; Galaxy; Best practices; Atomisation;
Generalisation; Workflows; Ecoinformatics; Conda; Container; Common Workflow Language; RO-
CRATE




# Applying “Galaxy-E” best practices to reuse!

»

7= I - I - ¥, IR - T I ¥ B

Different data, same primary variables, same workflow

BITS
BITS
BITS
BITS
BITS
BITS
BITS
BITS
BITS

1991
1991
1991
1991
1991
1991
1991
1991
1991

® A W N R

| Location

[ Year [ ] Species

carre annee | espece abond
2 2016 ACCGEN 0
2 2017 ACCGEN 0
2 2018 ACCGEN 0
2 2019 ACCGEN 0
183 2016 ACCGEN 0
183 2017 ACCGEN 0

22
22
22
22
22
22
22
22
22

126281
126281
126417
126417
126417
126417
126417
126417
126417

Hemifasc -999

s W e

AS140155
AS140159
AS140159
A5140160

3

bW W e

Nasosp.

-999

Gompvari -999

Gompvari -999

Anguilla anguilla
Anguilla anguilla
Clupea harengus
Clupea harengus
Clupea harengus
Clupea harengus
Clupea harengus
Clupea harengus

Clupea harengus

0
720
0
a0
a5
95
100
105
110

taille classe_taille

-999 P
-999 P
~999 P
<999 P

-999
-999
-999
-999

0.000000
0.009160 =
0.000000

D
0.075785

o g

0.0
0.012492
0.618357

s

R e W e

[ 1 Occurrence

Global trend : 0.949 *
- 58.75 % in 18 years

Global trend : 1.006

Global trend : 14.541 *
+42070.03 % in 30 years

uoneuen aauepungy




# Applying “Galaxy-E” best practices to reuse!

Different data, same primary variables, same workflow 2024

From Antarctica to North East Atlantic

Transpose to other taxonomic and/or
geographical and/or temporal context From Invertebrates to Fishes North Atlantic

OBIS marine occurrence data (fishes)
OBIS marine environmental data (all)

cl: decimallongitude = ] c2: decimallatitude x= | c5:shoredistance x | c6: bathymetry = -7: 88

Project data (invertebrates)
Project environmenta

Latitude

Latitude

écorégions 3 3 ' R i )
& : by ecoregions
8 &
2
3 %

-12 -10
Longitude

1420 142.5
Longitude




# Applying “Galaxy-E” best practices to reuse!

Different data, same primary variables, same workflow 2024

From Antarctica to North East Atlantic

Test several scenarios

From Invertebrates to Fishes North Atlantic

OBIS marine occurrence data (fishes)
OBIS marine environmental data (sst / bathy / sss)

Modifying modelling parameters

Project data (invertebrates)
Project environmental

Latitude
Latitude

écorégions 3 .
ecoregions
1
2
.3

e e .
s wWNH

142.0 1425
Longitude




Training tutorials for Ecology

Data analysis

These lessons focus on ways to analyse data in Ecology

Data and Metadata Management

These tutorials are focusing on data and metadata management in Ecology.

Input
Input Lesson Slides Hands-on Recordings  dataset Workflows
Lesson Slides Hands-on Recordings dataset Workflows
Champs blocs indicators =) -
. g Cleaning GBIF data using OpenRefine a N = e | [ Veie oo | EEENNNED
a‘\“\“ L] Compute and analyze biodiversity metrics with PAMPA toolsuite
( ‘ Creating FAIR Quality assessment reports and draft of Data Papers from EML metadata with __ (e oo e cl)) I_ ) a - me- @ <
‘ MetaShRIMPS T = i8] .
'(.\No o | o o B Ecoregionatizaton mekfiow tors
Ne R ——— a - <
Creating using i L (EML) with EML y _
’ Line functionalities o - i8]
‘ [WEESEE] e | Ecoiogy | | Blodiversity | FAIR | Data Paper | From NDVI data with OpenEO to time series visualisation with Holoviews o - -
[ dogracation | NovI | copemicus | [ moleviews |
Data submission using ENA upload Tool B~ - . SIS
Life Traits Ecoregionalization workflow =
[ -
Data access Marine Omics identifying biosynthetic gene clusters =] -
These lessons focus on ways to access data classicaly used in Ecology [‘ocean | marine omics | biodiversity |
- Metabarcoding/eDNA through Obitools
Lesson Slides  Hands-on Recordings  Input dataset  Workflows
class | osition EBV class | EBV dataset |EBWWorkflow | eONA o - - fis] -
[Matstarcotion | (EEENNND
QGIS Web Feature Services o
cortotom | (G Googasica ormaton Syt | WS Somiaauia Mass OGBS Obis marine ndicators O »
o | I -
1 Phylodiversity analysis quick tutorial
Data preprocessing o - ®
scciow | (EENEEEND
These lessons focus on manners to preprocess data used in Ecology
Preparing genomic data for phylogeny reconstruction =] o -
Lesson Slides Hands-on Recordings Input dataset Workflows [ o () R
RAD-Seq Reference-based data analysis
Biodiversity data exploration
Iy dota ek o - me ® < 4Dsm1 Gt compoton e <. [ SRESRMSES ) oo e EBYSSN) a - ® <
i g | s sty BdhaSy | —
Checking expected species and contamination in bacterial isolate A 0 " RAD-Seq de-novo data analysis
= e era | microgeiy | —_— G RAD-seq  Genetic composition EBV class | [[SPECIeSpOpUBIGS EBVEEE)] EBV dataser | [EBVWGRIIOH)) [ i} =
=)
Cleaning GBIF data for the use in Ecology
_ _ a -~ < RAD-Seq to construct genetic maps o - o -
RAD-3eq  Genetic composition EBV class | EBV dataset | wfnﬁ-‘_
Data visualization Regional Gl ~ N .
These tutorials showcase data visualization in Ecology | Spacies populations EBV class | Specics aits EBV class  EBV catasel | EBVworkfiow | | biodiversity | -
- & . —— @ Sentinel 2 biodiversity = -
Lesson lides Hands-on ecordings put dataset lorkflows ) _ =
Visualization of Climate Data using NetCDF xarray Map Plotting o ) < Species distribution modeling o -
= ) [feeactiv o) [modatng | 06 SCEIPERSETEST) NN
Visualize EBV cube data with Panoply netCDF viewer Taxonomic Analysis of eDNA o - o -

interactive-toots | EBV cube | Data visuaization | = [ ]



https://bit.ly/2VjDTaQ

French BON EBV
operationalization pilot



# Indicators need transparency, accessibility, traceability and reproducibility

Galaxy Ecology -

Interactive
Tools ® invoked 3 minutes ago

&% Invoked Workflow: Worflow for representing State of the Environment in Antarctic (Version: 145)

112 0f 128 steps successfully scheduled..

HTIELn

search datasets

2 Arthur Bamesu
& History: Worflow for representing State of the Environme... 22 of 32 jobs complete (total number of jobs will change until all steps fully scheduled)...
& Worflow for representing
Upload Ove St I e Output Report Export Metric 9

rerview teps nputs utputs epor Xpot etrics 1] State of the Environment
y in Antarctic
Toots

121kB a 30
- H *
Workflows F

Workfiow
Invocations

Lt

Visualization

Histories

m

History
Muttiview

= »%
Libraries

Galaxy Ecolog

f=

[ ——
nieractive (Galaxy Version 6.6.2)
Tools
Py Tool Parameters
Upload Input metrics fite -
y’ b} [S= I
Tools ‘accepted formats
- Unitobs informations file *
Workflows.

00 o .

accepted formats =

Explanatory variables -ostonsl

? coaem

Notifications
Specify advanced parameters

No, use program defaults.

# Compute GLM on population data Compute a GLM of your choice on population data W &

Workflow
Invocations | Uniitos file, with all informations available about unitobs.
L Response variable from metrics file *
Visualization c4: “number
= Chaose the field of the respense variable.
Histories

27: Calculate presence absence table on data 22

36: Regex Find And Replace on data 35

V' Selected 0.0.2
© Switch to 6.8.1

Metrics data file, with lacation, year, and metries informations that can be used as interest variable.

History
Multiview switch to column select =
= Choose the explanatory variables you want to include in your analysis.
Datasets Random effect 7 - optional
B
Pages. switch to column select ¥
= Allocate a random effect on site or year makes your model more reliable as random events on a peculiar site or year can affect
populations, it takes account of pseudoreplication. However, avoid applying it on a less than 10 levels variable (less than 10 different
a sites and/or year).

ebook on data 39

[ JupyTool Notebo

Hislory + =

search datasets ¥ %

- -
us|ngv7%nf5mmﬁa
A EE =EmE

ok

© 45: JupyTool output collection

alist with @ datasets.

© 44: APLxt

(© 43: Executed JupyTool Notebo & #*

ok
(© 42 JupyTool output collection

alistwith © datasets.

7 41: Collapse Collection on data 3
2

40: Collapse Collection on data 3
°

%2 39: Collapse Collection on dat
a27

38: Collapse Collectionondata2 @& #

ol |

87

ors

—_— e —
PETTELTIEN &= - |
- -

History + =

x

s,

© 47: Interactive JupyterLab Not & /° &

e
N
-

-

-

Ll

g/

oW ]

(oI |

-

Compute and analyze
biodiversity metrics with s
PAMPA toolsuite

From httpsu/training galaxyprojectorg/
training-material/topics/ecology/tutoria...

SosMB & 953 W3 W5 2

|-

L

56: GLM - Results from your popu & #*
lation analysis on data 36 and da
taz7

#Concatenate x  #EVHOE X
#unitobs x

Add Tags @

8 lines.

format tabular, génome de référence ?

Enor in Call('FreeADFunObject’, ptr,
PACKAGE = DLL) :
“FreeADFunObject’ not available for Call() for

B& 0w ELC

el i n i'm il

/’ Create a plot from GLM data as temporal trend (Galaxy Version 8.8.2) & ~ &

Interactive
Tools Tool Parameters
; Input glm results file *
Upload
=S D [Ba ] - 56: GLM - Results from your population analysis on data 36 and data 29 -
s accepted formats *
Tools Metrics data table used for glm *
-’:‘- D [Ba ] - 29: Calculate presence absence table on data 24 -
Workflows accepted formats «
i= Unitobs table used for glm *
Workflow
Invocations D [Ba ] - 36: Regex Find And Replace on data 35 -

accepted formats

Visuali e .
sualization Additional Options
- Email netification
Histories No
m Send an email notification when the job completes.
4 Attempt to re-use jobs with identical parameters?

B No
Notifications
This may skip executing jobs that you have already run.

e

EEE . e .
LBirK_;97%0f5QDGGB
EEEEEE 'Em

¢« History: Compute and analyze biodiversity metri...

Create a plot from GLM
data on data 36, data 29, ~#
and data 56

alist with 3 png datassts

#BITS #Concatenate

& Download @ Show Details C' Run Job Again

1: Gadus morhua =2

158.2 KB

format [ again | référence 7

B& 0w

Inage in png format

2: Platichthys flesus =

3: Pleuronectes platessa k=3

Sabina Leonelli, Living Data 2025 22th october:

« It is essential to track data provenance and data processing supporting knowledge »

« we are continuing creating a lot of tools to go very fast but unfortunately not to go very far »

“analysis” “Intersst.var® "asstr
“Gadus marhua” “runber™ “gauss
“Lepidorhonbus whiffiagenis” "number” “gauss
“Lophius budegassa” “runber™ “gauss
“Laphius piscatorius” “runber™ “gauss

45: Report Bl

> Nucleic Acids Res. 2024 Jul 5;52(W1):W83-W94. doi: 10.1093/nar/gkas410.

The Galaxy platform for accessible, reproducible, and

collaborative data analyses: 2024 update

Galaxy Community

Collaborators + expand
PMID: 38769056 PMCID: PMC11223835 DOI: 10.1093/nar/gkae410
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# Indicators need transparency, accessibility, traceability and reproducibility

% Invoked Workflow: Worflow for representing State of the Environment in Antarctic (Version: 145)
Tools ® invoked 3 minutes ago 112 of 128 steps successfully scheduled..
& History: Worflow for representing State of the Environme... 99 f 32 jobs complete (total number of jobs will change until al steps ful
Upload Overview  Steps  Inputs  Outputs ~ Report  Export  Metrics

2

Toois B

&

Lt

m o )

Pages

- 25% +

-
Galaxy Ecology I I I I I . . . I i I : . I ] Lf‘

Hist
Q # Compute GLM on population data Compute a GLM of your choice on population data W& v &
MECELS (Galaxy Version 6.6.2) cen
Tocks v Selected 0.6.2
Py Tool Parameters © Switch 10 601 c
o Input metrics fite * 0
biod
y’ [u} O - 27:Calculate presence absence table on data 22 - PAl
Tools ‘accepted formats
Metrics data file, with location, year, and metrics informations that can be used as interest variable. From
L1, traini
Unitobs informations file *
Workflows.
So6M
[&] D | - | 36:Regex Find And Replace on data 35 -
i
Workflow ‘accepted formats *
Invocations | Unitobs file, with all informations available about unitobs. e
Lt Response variable from metrics file * lation
et taz7
Visualization

<4: number -

Explanatory variables -stonal Add Tags
us ] . 8 lines . . .
oty 7 | tommat tabutar, genome de reterence 7 > Nucleic Acids Res. 2024 Jul 5;52(W1):W83-W94. doi: 10.1093/nar/gkae410.
Multiview switch to column select
» Choose the explanatory variables you want to include in your analysis. Emor in .Call('FreeADFunObject’, ptr,

e | Rt sfct - e The Galaxy platform for accessible, reproducible, and

B © mseumac collaborative data analyses: 2024 update
Pages switch to column select _

E Allocate a random effect on site or year makes your model more reliable as random events on a peculiar site or year can affect “analysis” "Interest.var® "distr
populations, it takes account of pseudoreplication. However, avoid applying it on a less than 10 levels variable (less than 10 different "Gadus morhua” “number” "gauss Ga|a)(}-’ Com munity
a sites and/or year). “Lepidorhoabus WhiFFiagonis” "number™ ~gauss
[ “Lophiue busegassa” rumber gauss
Specify advanced parameters “Lophtus piscatortus® number “gauss Collaborators + expand
No, use program defaults. . PMID: 38769056 PMCID: PMC11223835 DOI: 10.1093/nar/gkae410

More: 45: Report. Bl

ylebras ~

iodiversity metri...

Run Job Again

T [rerrwrre— ot x « we are continuing creating a lot of tools to go very fast but unfortunately not to go very far »




# Essential brick to take part to sizing initiatives

From PNDB to french participation to GEO BON 2019

Indicators €o B

Raw data

EBV-ready Derived & modelled
data sets EBV data
. S Group on Earth Observations
= H T " -
§v Biodiversity Observation Network
ﬁ. 325
2
— < . . . .
S French BON EBV operationalization pilot
& 4 & € o
* Homoscedasticity and normalit:
Data checking o Auwcurre\atlonv i
* Collinearity
ll___—___-——__\.
1 1
: Indicator :
\ J

Beta diversity bd * Local and Species Contribution to Beta Diversity (SCBD and LCBD)

Q Galaxy Tra [Ecology 1@ Learning Pathways  (DHelp ~ Yy Extras -  Q_Search Tutori:

Observations P R D _J E CT

W v
o e o o

Publish data and metadata : : Publish data and metadata : : Publish data and metadata

Compute and analyze biodiversity metrics with PAMPA
toolsuite

Adapted from Kissling et al. 2018 Biol. Reviews

Biodiversity data exploration

Authors: ¢ olivier Norvez | @) Marie Josse ' (%) @) coline Royaux | () @ wvan Le Bras

® Questions:

« How to explore biodiversity data?
« How to look at Homoscedasticity, normality or collinearity of presences-absence or abundance data?
« How to compare beta diversity taking into account space, time and species components?

© Objectives:
« Explore Biodiversity data with taxonormic, temporal and geographical informations .

n :
« Have an idea about quality content of the data regarding statistical tests like normality or homoscedasticity and coverage like temporal or geographical it ] PO | e N atl O n a |
DR de Données de Biodiversité

« Introduction to Galaxy Analyses
X Time estimation: 1 hour

[Z Supporting Materials:

— Dpatasets ~ <QWorkflows ~ BMRecordings~ Available on these Galaxies ~

9 Last modification: Oct 28, 2022

& License: Tutorial Content is licensed under Creative Commons Attribution 4.0 International License The GTN Framework is licensed under MIT
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From PNDB to french participation to GEO BON

» Pole National
de Données de Biodiversité

Nucleotidic diversity (pi)
¢ Frequence of the prevalent allele in the population (P)
« Polymorphic sites, variant sites and polymorphic loci percentage ,
S NIBMII N B B ERE et Coline R ic diversi mpoct
EEGEN BN Em oline OYa UX  Haplotypic diversity (H) composition
o . i i
o Workflow Preview [ & ponmioaa || @ 1mport ] * Gene diversity
e About This Workflow * Haplotype count
k4 I:tlhagsec:ic g:;tic dll'(:f_-lsily‘vger‘e(icadi‘f'femmiatiun . Genow')e count
Upload and inbreeding workflow - Version
P Author * Maximum percentage of the most frequent genotype
coline_royaux
Tools S 4 » Genotype frequence
o (W + + Inbreeding coefficient for each loci (F)
Workflows
_ da N » Between-individuals differentiation coefficient
= All published Workflows by coline_ . . . .
Workfow Cr:at';s e I I I I I I- Genetic differentiation between sub-populations (F_st)
Invocations = Galaxy Ecology . L.
” & cotine Royaux « Orthogonal measure of locus differentiation (D_est)
= inti o . . .
Visuatization g\ejfmrk‘f'f;f:m T —— Workflow Preview * Absolute measure of locus differentiation (D_xy)
pondil
- diversity, genetic different Teols .
estimation in a population About This Workflow
Histories and a population map Intraspecific genetic diversity and inbreeding EBV
m Tags Uplaad workflow - Version 6
History ’ Author
. HEBV I _ Tools coline_royaux
f' License . N 7|
Notifications & =81 MIT Li |'_’,' mes
- w4+ 'Il"' L tmljm; ted Workllows by o
l.;or-'e Mnar'lsday sz ;me 121259 4= d 2 W
Workflow All published Workflows by coline_royaux
https://ecology.usegalaxy.eu/published/workflow?id=b193dcf37dcc8a84 "™ Creators
Lt a Coline Royaux
Visualization Description
oth t l l 3 -I: EBV workflow corresponding to Intraspecific genetic
e r 0 0 ] S [ diversity and inbreeding estimation in a population
Histories based on sequencing data and a population map
m Tags
[ ]
Amova 4EBV WeneticCompesition.
s Homova a License
Notifications 7 o MIT License [
* Mantel Last Updated
- : Monday May 27th 12:42:11 2024 GMT+2
More

https://ecology.usegalaxy.eu/published/workflow?id=e98615eca9019d6f



https://ecology.usegalaxy.eu/published/workflow?id=b193dcf37dcc8a84
https://ecology.usegalaxy.eu/published/workflow?id=e98615eca9019d6f
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NE500

N

((\
0" .\
o""‘ﬁ:e"‘“%\.
«

Pop assignation
VCF
| ver | e

. “%
2
¢

Subsampled VCFpop
(bash)

VCFpop - genepop file
(bash)

Params file
(créer bash)

Cut VCF per pop
(bash)

Ne (NeEstimator)

Filter VCFpop
(bash) |

&)

GINAMO

Genetic
composition

@ biodiversa+

European Biodiversity Partnership

Laura Martinez-anton

+

g
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RN 1 W T T WSS SR Coline Royaux Domini
a "

Interactive
Tools

]

Workflow Preview

(e

[ &, Download

About This Workflow
Upload # 4 Compuie GLM on Species distribution EBV workflow - Version 3
population data
> D T.Jlb'ldance data “ Input metics e Author
Tools " O Inputfile Unitabs informations file coline_royaux
output_presabs > GLM - Resuits from
& B® i o your popuation k ‘
@ @ analysis on input A wi
Workflows dataset(s)
{tabular)
= Simpla statistics on ‘ i k
«chosen variables on " 3
Workflow [ 2 Observation uit infos B @ oot datasets) P —— All published Workflows by coline_roy [
i L] -
Invocations o st e Creators Interactive
- @ @iz on input detassds) 7 Input gl resuis file & Coline Royaux Tools
Lol o) @ Metrics dzts table used for
Visualization Description 1
{f Unities abie uaed o ol EBV workflow corresponding to specii Upload
] & @ piarsfnpu estimation based on abundance or pr
Histories & @ Report (bt}
Tags #
m N = I Tools
History .
License D
A MIT License [ Workflows
Netifications 4 Last Updated =
= &% |+ Egy Monday May 27th 12:41:42 2624 GMT
. Workflow
More Invocations.
. . -1 Lot
https://ecology.usegalaxy.eu/published/workflow?id=4337a20517b47787 —
-
-

. Community

Pre-processed

data

Species -
population

Compute community

metrics

Compute population
metrics

GLM on community
metrics

GLM on por

ulation

metrics

—3
History

Histories

Plot of GLM =

o _ Notifications
results

= Galaxy Ecology

Workflow Previ

- 38% +

¥

Ifremer

¢ Presence-absence

e Abundance

ue Pelletier

e Species distribution

s Species abundances

Use-cases of the workflow on several data types

s Catch Per Unit of Effort data DATRAS : Galaxy history link
Reef Life Survey data : Galaxy history link

Marine Protected Area data from rotative cameras : Galaxy history link
Anonymized data from the french common bird survey scheme (STOC) : Galaxy history link

Vigie-Chiro data : Galaxy history link

Pole National
de Données de Biodiversité

Species populations

About Thts Workriow

Species abundances EBV workflows - Version 3

Author

coline_royaux

N
(W oW

d 2 A

All published Workflows by coline_royaux

Creators
& Coline Royaux

Description

EBV workflow correspending to species abundance
estimation based on abundance data

License
MIT License [

- Last Updated
Monday May 27th 12:41:118 2024 GMT+2

https://ecology.usegalaxy.eu/published/workflow?id=179ffb0aaf189739



https://ecology.usegalaxy.eu/published/workflow?id=4337a20517b47787
https://ecology.usegalaxy.eu/published/workflow?id=179ffb0aaf189739
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p g .. gmgémce& ggll)%nlr\lléaeg%gaBliodiversité

Sciences de la Conservation

From PNDB to french participation to GEO BON e Presence-absence

e Abundance

T 1 1 W OE R0 DOIEEESE IR senjamin Yeuel
®

Interactie Workflow Preview EL '
Tools - - - -
. L ]
2 About This Workflow SDECIEE distnbution
Upload ‘Workflow constructed from history "'STOC CSI' - Version .
¥ [ 1. data FrenchBES tabular /# 9 Preprocess population J* 6: Filter species J# 7 Temporal trend indicator 1 L SpE‘c ] EE 'a bu nda nCE'E
Loamstoon o, I Author
Tools B Input file ylebras
- B @output (tabular) ” -
Workflows Dz 8: Estimate temporal i ‘K‘:
— |
coordCameSTOC aux tabular population evolution | S \
= ETTTR S e o
IWD"”‘:?W  Speces file All published Workflows by ylebras
D 3 tabSpeclescsy 2 @pbots “""f"’_ 3 Description
Ll ’ = :;a:jyl;:?auons P This Workflow has no description.
Visualization p
global_tendencies >) Tags
= {tabular]
. B« ° eo License
Histories species_indicateur_fonctionne
Ltabular (png} Mo License specified
output_tab >
@ CETTR aon Last Updated
History (tabular) Wednesday Jan 6th 17:11:25 2821 GMT+1
N Sharing STOC workflow
Motifications 7 Use the following link to share preview of this workflow: R ) . ) .
- e+ = https:/ecology.usegalaxy.eu/published/workfow? This workflow permits, from occurrence data of one or several species population(s) and diverse
s = id=01274dfdbdfcaada [[L Manage sharing settings here. . . . . . . .
informations on species, to compute a Generalized Linear Model (GLM) estimating the effects of year

and site on the abundance of each species and for each specialization group (generalist, forestry, ...). It

https://ecology.usegalaxy.eu/published/workflow?id=01274dfdbdfcaa88 ) o ] )
also permits to get a plot of the temporal variation of the number of sites where the species has been

. Community . observed and of the abundance of the species (raw and estimated by the model for each species and
gy GLMM on community

. specilization group).
2 Indexes
Occurrence Data pre- N Ciiordata B
data processing

Species -
population

«— This branch of the main workflow

GLM per GLM per
species specialization group

=



https://ecology.usegalaxy.eu/published/workflow?id=01274dfdbdfcaa88
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Q« CESCO : Péle National
Centre d'cologie et des de Données de Biodiversité

Sciences de la Conservation

From PNDB to french participation to GEO BON

=calaxy ooy . L LLUMIIIIT I RN BRIRE B | Simon Bénateau Elisa Michon Clara Urfer Speciestraits
g A" .'

goopey © Morphology
(o] e .
Interactive -
focte Workflow Preview e Physio lﬂg}"
kA
, * Phenology :
s About This Workflow
Phenology EBV workflow - Version 3 aym
Tools. / 3: Abundance index Au::::rgy roren e ,])r L MD b] I.TtyI
& R S coline sopaun Regional GAM workflow | Tutorial
orkiewe ::‘ndsme‘hh, @ cutput (pre All published Workflows by coline_royaux
_ —— 8 @ output (1abular] B & outourz e . . B . .
= B ¢t corce | Fg« Boamzi o oators This workflow permits, from occurrence data of a single species population, to compute an abundance
Workflow st aunt fi . - . . . - .
Tnvocations , yT—— & Cotine Royaux index that will be used to modelize and represent in a plot the flight phenology of a butterfly species
: Scatterplot w ggplot2 L.
Description .
L f Input n tebuler farmat EBV workflow corresponding to butterfly flight phenology lhrough h me. -
Visualization ’ estimation based on abundance data Reg Io na I- GAM
= Tags Author(s) Clara Urfe.r\" ra Elisa Michor{y‘ Yvan Le Bras\= ! Bérénice Batui“= Simon Benaieau:
Reviewers )
- License &2e03
History MIT License [
a Last Updated -
A = Monday May 27th 12:45:13 2624 GMT+2
otifications # @ Questions: O)
- 75% + . + What are abundance and trends of a butterfly species? -
e @ Obijectives:
+ Obtain and filter/manipulate occurrence data
. . « Compute and visualize phenology of a species through the years
https://ecology.usegalaxy.eu/published/workflow?id=5708413da63185ed + Compute temporal sbundance trends
. . @ Requirements:
Species - Species - « Introduction to Galaxy Analyses
Traits pOpU Iatl on X Time estimation: 2 hours 38 minutes
. [ Supporting Materials:
Plot flight Autocorrelation DDatasets o Workilows @ FAGs
=N AV [ Published: Jul 4, 2019
curve test ) Last modification: Jun 3, 2625
&l License: Tutorial Content is licensed under Creative Commons Attribution 4.8 i License. The GTN is licensed under MIT
T T 1 @ PURL: https/gxy.io/GTN.TES134
¢ Rating: 5.0 (8 recent ratings, 1 all time)

nrocessed Compute -~ P‘Ot -0- Revision: 18
o 'J(“[f[[f”(“r‘ - ﬂC?Tpute M abundance |4 _M%def\ tebmpgra\ 84 abundance
— Ul index STENG 97 Elolnekinice index https://training.galaxyproject.org/training-material/topics/ecology/tutorials/regional GAM/tutorial.htm|

1 3 4



https://ecology.usegalaxy.eu/published/workflow?id=5708413da63185ed
https://training.galaxyproject.org/training-material/topics/ecology/tutorials/regionalGAM/tutorial.html
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=Galxy cobor . L INIENY B BN BN ISR FRN
(=

LE B N RN
Using 97% of 586.8 GB
HE NN BN

o

= Galaxy

Coline Royaux -« pielou index

» alpha and gamma diversity

O

Species richness

o]

Shannon index

o

Simpson index
Hill index

o]

Ecology

Pole National
de Données de Biodiversité

Community
composition

Community abundance : Galaxy Wor
Taxonomic / phylogenetic diversity :
Traits diversity : Galaxy Workflow

Interactions diversity : Galaxy Workf

Using 97% of 5668.8 GB - Viebras ~

. &, Download
. Workflow Preview [
Tools
+ About This Workflow
T e Community abundance and taxonomic/phylogenetic
Upload === ‘ matrics # 4 Compute GLM an diversity EBV workflow - Count data - Version 3
y o e pr— Author
Tools (tasular) 3 Unitabs informations file coline_royaux
D) 2 Observation unit infos -
GLM - Resulis fram
@ analysis on input h A‘
Workflows datasetis)
fabular) =
= Simple statisticson € ‘ k
chosen varizbles on All published Workflows by coline_royaux
Workflow @ nput dataseils) = - P v o
Sl o) u’: Creste & piat from GLM Creators
Your snalysis rating € | . P
Lt @file on input datasat) £ Input glm resuits file & Coline Royaux
=t} §) Metrics data table used for

Viesalizatinn

Use-cases of the workflow on several data types

Catch Per Unit of Effort data DATRAS : Galaxy history link
Reef Life Survey data : Galaxy history link

Marine Protected Area data from rotative cameras : Galaxy history link

Vigie-Chiro data : Galaxy history link

Nacrrintinn

Anonymized data from the french common bird survey scheme (STOC) : Galaxy history link

nity abundance
ed on abundance

https://ecology.usegalaxy.eu/published/workflow?id=37a5a355b699de55

Communit ]
. y iy Compute community g
metrics

Pre-processed 1 2
data

—. Species - N Compute population §g GLM on population |

population metrics metrics

= ]

Interactive
Tools

1

Upload

>

Tools.

Workflows

Workflow
Invocations

L
Visualization
—
-

Histories
m
History

A

Motifications

Workflow Preview

# 7:Temporal trend Indicator

O 1: Anunaance data

_w—wn tingut) o

D = Indicators me.

_Dll:pul tingut) ¢

D 4 Coordinates of sites.

_wlnul imputy &

Lo

About This Workflow

Trait and interaction diversity EBV workflow - Version 2

Author

coline_royaux

INYT |
(We oW

da

All published Workflows by coline_royaux

Creators
& Coline Royaux

Description
EBV flow cor ing to trait and ir
diversity estimation based on abundance data, species

informations, indicators values and sites coordinates
Tags

License
MIT License [

Last Updated
Monday May 27th 12:51:21 2824 GMT+2

https://ecology.usegalaxy.eu/published/workflow?id=2977073db769d29b



https://ecology.usegalaxy.eu/published/workflow?id=37a5a355b699de55
https://ecology.usegalaxy.eu/published/workflow?id=2977073db769d29b
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» alpha and gamma diversity

From PNDB to french participation to GEO BON

VTN 1] ' Tl T W S 2 IRl Coline Royaux
= J

Interactive
Toals

Workflow Preview

& Download || [# Edit

About This Workflow

1
Upload Workflow constructed from history "'STOC CSI' - Version
y [ 1: data_FrenchBBS tabular /5 Preprocess population /* 6:Filter species # 7- Temporal trend indicator 1
da
[t Author
o , ymn[as
@ output (tabular)
& el
Workflows Dz 8: Estimate temporal |~ .
coordCarmeSTOCTaux tabular population evolution |
= (oot g Soc v
Workflow ) Species file All published Workflows by ylebras
Invocations .
. - @ plots (input) 3 P
[ 3:tabs = » i Description
Ll ’ Q::ﬁ;?mms This Workflow has no description.
Visualization p
m G dlobeLtendencies >) Tags
a (tabular) .
. B« @t License
Histories species_indicateur_fonctionne (png) . oy
\iabular Png, No License specified
output_tab_gam_smoo €
o [omats_8 8 on Last Updated
History (tabutar] Wednesday Jan 6th 17:11:25 2821 GMT+1
a Sharing
Motifications 7 Use the following link to share preview of this workflow:
- 78% + E-I https://ecology.usegalaxy.eu/published/workflow?
e = id=01274dfdbdfcaads [1. Manage sharing settings here.
https://ecology.usegalaxy.eu/published/workflow?id=01274dfdbdfcaa88
. Community .
. GLMM on community
2 indexes
Occurrence Data pre-

processing

ed fFilter data g

Species -
population

- d

GLM per
species

GLM per

O

o]

o

o]

Species richness
Shannon index
Simpson index
Hill index

» Pielou index

M Pble National
TURELES de Données de Biodiversité

Community
composition

Community abundance : Galaxy Wor

Taxonomic / phylogenetic diversity :

Traits diversity : Galaxy Workflow

Interactions diversity :

Galaxy Workf

Several OTU workflows from genetics data

This workflow permits, from diverse Operational Taxonomic Units (OTU) data files (phylogenetic tree,
sequence count, taxonomic map, ...), to compute metrics of the EBV type Taxonomic / phylogenetic

diversity' :

* alpha and gamma diversity

o Species richness
© Shannon index

o Simpson index
o Fisher index

© Unique branch length

s beta diversity

o alpha/gamma matrix

o Pearson index
o Spearman index

Tool list (non-exhaustive) :

Phylo.diversity

Collect.single

Collect.shared

Rarefaction.single
Rarefaction.shared

Run QIIME diversity analyses
beta_diversity_through_plots

OTU alpha diversity

OTU alpha rarefaction

Vegan diversity, fisher, rarefaction

Moreover, it permits to plot a rarefaction curve of alpha diversity and OTUs.

specialization group



https://ecology.usegalaxy.eu/published/workflow?id=01274dfdbdfcaa88
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Pole National
de Données de Biodiversité

OFFICE FRANCAIS
o iopivERsITE

From PNDB to french participation to GEO BON

EE/ S NIBNII I B

HEE S EE B
= Workflow Preview

m
Interactive

Tools About This Workflow

‘Workflow 'ONB: Création de l'indicateur bois mort' -

.L 4 I Production des
I Données d'entrée ST e visualisations Version 7

IE 15 0 Geseas: Il Pauline Seguineau ari_e_Jossé ccosystem

functioning

¢ Primary production

Upload

# 3 Analyse des données # & Traitement des 5o

d'analyse

B Select lines
O @out file1 finput] >

o e Ecosystem phenology
’ 8 RESULTATS_BOIS BIODIV.C € Sourcefile
_— D@wplc)

2

du disgramme Author
tion du valume de bois ylebras

* Ecosystem disturbances

All published Workflows by ylebras

0 @ output3 esv)

Creators
H pnDB

[ 2 Carte des Grandes
régions écologiques (GRECO]

Workflows 0 @ cutputd [csv)

de France O @ output5 [tabular)
—
=

= output [input) O @ outputh [1abular]

] ; Shapefile Description - o
Worklow S D=3 Workflow créé par le PNDB cans e cadre ctune tachel N Cre Ly g IR e I I I I I I . I . I I I : I I Using 97% of 508.8 GB
Invacations fepresent . . ..
H® n[ ;I'J o commune PNDB-SIB afin de présenter une premiére! EE E NN EmE=
carte [p
> -

Lnt e —— application de l'approche mise en place dans le cadn

du pilote d'opérati lisation d iabl it i
Jieuainstion u pilote cpe:-ra IOI‘!.I'IB isation des variables es.l;en. € eractive Workflow Preview
de biodiversité mené par le PNDB pour GEO BON a Toals
a s “:‘;ﬂ“jj‘?’“’:"”’ par 4 About This Workflow
codes sources perm uire des
Histories o N P L P N g Remote sensing Sentinel 2 data analysis to produce
indicateurs. Lien vers description du pilote Upload biodiversity metrics - Version 1
m d'pérationnalisation des variables essentielles de By ®
. biodiversité : httpsw/www.pndb.fr/fr/activites/projets- & maps 0 Author
LB techniques-et-scientifiques/ebvosc Tools ylebras
4 Tags s
(11
Notificati 7 Bt o )
- > & =m=z
L License =
More MIT License |'_,/' Workflow All published Workflows by ylebras
Invocations P
. . Description
https://ecology.usegalaxy.eu/published/workflow?id=b5f8fa88823d5a16 " Thie Workfiow has no descption.
Visualization Tag s
Dead wood evoliton
- .
= License
Histories Mo License specified
m Last Updated
LT —
History Thursday Nov 9th 13:51:31 2823 GMT+1
a Sharing
”' Use the following link to share preview of this workflow:
Notifications O o 7 ;:— https://ecology.usegalaxy.eu/published/workflow?
— P - gomiim O L = id=daB8448ab15d167d [{). Manage sharing settings
- . ) . here.
More

https://ecology.usegalaxy.eu/u/ylebras/w/remote-sensing-sentinel-2-data-analysis-to-produce-
biodiversity-metrics
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