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Post-larva capture and culture

"~ Direct / Indirect / Induced
Temporary / Permanent } - Active Coral cuttings and transplantation
Cumulative Nursery

- Nature-based solutions

Area of influence

Physicochemical y EIAR
Thermal ECOLOGICAL Waste clean-up
'ENGINEERING Artificial reefs
Luminous
Mechanical ) Sy Ecodesign
Sound Carbon offsetting Cms
CITES
Greenhouse gas Ofisot barks == (iSMHGRSI GonNSOIONS)
Etc.
Biological (bacteria, invasive alien species)
Protected species and habitats laws
Intensity
Water and environmental protection laws
i | Netonallaws
Environmental impact studies laws

No net loss of biodiversity

Spatially
o D

Temporally Regionally protected species and habitats
Work procedures — ( Traditionally or spiritually protected species or areas
Containment devices No-take zones
Optimization of industrial processes m — < Less restrictive protected areas
Environmental control Human-environment ir ions and dependenci
Planning according to biological seasonality State of health — < Involvement of local populations Food
Essential ecological functions Firewood
Ecological sensitivity — - Building materials
Rarity Pharmacopoeia
Biodiversity - Tourism

 Ecosystem services Noneactie” e

Wastewater purification / Turbidity reduction

e
Compensated site

Sampling strategy Heritage Carbon sink
Standadized field protocols } - - Beauty
Ecological indicators - Spiritual
Livestock mortality
Malnutrition

Before (initial state)
After > -
( Montoang |

Diseases and parasitism
T * Health and lveihoods "
Poisonin:
Compensated site 9

Regional reference Bioaccumulation
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BIOTOPE

AMPLIFICATION OR INHIBITION OF WATER PHYSICOCHEMISTRY
PHYSICOCHEMICAL PROCESSESAS A - Temperature
CONSEQUENCE OF HYDRODYNAMICS - Salinity

- Dissolved oxygen
- pH
- Turbidity / TSS

BIOCENOSIS
WAVE ENERGY INTENSIFICATION o

AND SOIL EROSION
- Intensification of cyclones,

- Coastalization process, X :

- Coastal infrastructures, IMORPHODYNAMIC AND DESCRIPTIVE AND FUNCTIONAL ECOLOGY

- Soil sealing, SEDIMENTARY PROCESSES - Coral community structure,

- Soil erosion, - Wave energy, - Vitality of benthic organisms,

- - Water confinement - Macro-invertebrates densities,
- Siltation. - Fish maturity and diversity.

- 4

CORAL REEF GEOMORPHOLOGY

- Geomorphology (habitat),
ACTION AND FEEDBACK OF - Hard or soft substrate (%),
MORPHODYNAMIC PROCESSES ON - Depth.
SEDIMENTATION AND REEF
GEOMORPHOLOGY
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Shared and grouped key atrtes

ey POLLUTION AND WATER WARMING

. - Oceans warming and acidification

- Developments and concreting,

- Agricultural,

- Domestic discharges and infiltrations,
- Urban runoff,

- Industrial pollution,

SEQUESTRATION AND RELEASE OF
SOLUBLE 'AND PARTICULATE COMPOUNDS
AS A CONSEQUENCE OF THE SUBSTRATE
GEOLOGY AND GRANULOMETRY

ECOSYSTEM SERVICES, INVASIVE
OPPORTUNISTIC SPECIES AND
DISEASES.

- Fishing and collecting,

- Trampling and breaking,

- Alien species proliferation,
- Acanthaster aggregation,

- Wildlife scaring,

- Epizootic diseases,

MECHANICAL DEGRADATIONS AND CHANGES IN
BATHYMETRY

- Rising sea level

- Dredging,

- Sand mining or beach reloading,

- Port development,




With a sustainable development objective

REGULATION, POLICIES AND OFFSETS

MANAGEMENT
PROTECTION / CONSERVATION
GOVERNANCE

WATER PHYSICOCHEMISTRY

- Terpperature RESTORATION
- SDailler)l::\yed oxygen NATURE-BASED SOLUTIONS
_ oH AND... OFFSET

Turbidity / TSS

BIOCENOSIS

Y <

DESCRIPTIVE AND FUNCTIONAL ECOLOGY
- Coral community structure,
Vitality of benthic organisms,

- Macro-invertebrates densities,
- Fish maturity and diversity.

MORPHODYNAMIC AND
SEDIMENTARY PROCESSES '
- Wave energy,

- Water confinement
- Siltation.

EXTRACTIVE ECOSYSTEM SERVICES:
FISHING

- SAND

WATER (UNIT DESALINATION)

NON-EXTRACTIVE
ECOSYSTEM SERVICES:
TOURISM

WAVE ENERGY
EROSION CONTROL

CORAL REEF GEOMORPHOLOGY
- Geomorphology (habitat),
- Hard or soft substrate (%),
- Depth.

14/06/2024 Dimensioning biodiversity offsets using MERCI-Cor Method



How does the MERCI-Cor method work? ®

MERCI-Cor: Method to avoid, reduce and offset for impacts on the biodiversity of
coral reefs and associated ecosystems (i.e. seagrass and mangrove)

BEFORE IMPACT AFTER IMPACT BEFORE OFFSET AFTER OFFSET

A impact = A offset =
Before-impact state — After-impact state After-offset state — Before-offset state

Impacted surface x A impact x T x R
A offset

Offseted surface =

Adjustment coefficients:
T = Time required to achieve the offset measures objectives (1 to 3 score)
R = Ecological, socio-political and technical risk of not achieving the objectives set by the offset measures (1 to 3 score)



The 'No Net Loss' principle ©

) - \ Avoid: Either in space or in time
£ z
8_ Reduce: Either by industrial

~ N processes, or by protective
3 w devices, etc.
g 2
= " =

(s o .
2 2 > ) => Residual impacts
g ¢ > e
S )
g § >§ ] Offset: Either by nature-based
\_/ -§ & » solutions or by manufactured

. a devices such as artificial reefs
) 2
3 o /

Mitigation hierarchy of Biodiversity value (Modified from Energy and Biodiversity Initiative (EBI) - 2005)
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In situ observations

Remote sensing

;19
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Data Integration

Biodiversity
models

4 )

Species
distribution

e

Primary

—)

Essential
Biodiversity

. Variables )

EBV Integration

Populations

Traits

omposition

e.g. countries, ecoregions

Indicator

Biodiversity

Change Indicator
\ 4

How to assess and how to
quantify the Biodiversity Value?

How to calculate a Biodiversity
Unit, valid for different
ecosystems?

How to compare Biodiversity
Value losses due to
environmental impacts and gains
generated by offset measures?

From observations to the production of EBVs and indicators. In this example, integrated data from different primary sources of observations (e.g. in situ, remote sensing)
are combined within biodiversity models to produce layers of spatial and temporal variation in ecosystem extent and species distribution EBVs (Navarro et al., 2017)



“ Which EBVs should be selected for each ecosystem?

CORAL REEFS SEAGRASS MANGROVES
& EBV class
°
© gq . Community composition
£ [ S BENTHIC COMMUNITY STRUCTURE
E 60  Ecosystem structure
g ‘ I Genetic composition ¢ Coral cover * Fragmentation * Fragmentation
o ‘ I Species populations :
E 30 I I ‘ B spocies vits Percentage of Acropora Seagrass cover Adult mangroves density
Zi b . B Y Coral colonies diameter Seagrass species richness Trunk circumference
Coral morphotypes diversity Canopy height Canopy height
Physiology Mangrove species richness
Phenology
Movement
Morphology

Species distributions
Species abundances
Effective population size
Inbreeding

Genetic differentiation
Intraspecific genetic diversity
Ecosystem Vertical Profile
Ecosystem distribution

Live cover fraction

Primary productivity
Ecosystem phenology
Ecosystem disturbances
Trait diversity
Taxonomic/phylogenetic diversity
Interaction diversity
Community abundance

Number of methods

tUROPABON

BENTHIC COMMUNITY VITALITY

Coral state of health (diseases/necrosis)
Juvenile corals density

Fleshy algae cover

Opportunistic sessile fauna cover

Leaf necrosis

Epibiota invasion
Root shedding
Overgrazing (plowing)

ASSOCIATED FAUNA

Fish species richness

Top-predator size and density
Parrotfish size and density

Sea urchin and sea cucumber density

Fish species richness

Top-predator size and density
Parrotfish size and density

Sea urchin and sea cucumber density

Leaf necrosis

Juvenile mangroves density
Root shedding
Anthropogenic uses stigmata
Symbiotic epibiota cover

Indigenous avifauna
Crabs bioturbation
"Keystone" species
Invasive exotic species
Fish species richness



OPERATEURS ” INDICATEURS ECOLOGIQUES
PLONGEUR 1 / PLONGEUR 2| APPLICATION METHODES

Plongeur 1 - "FFFB"
Faune et Flore Fixes
Benthiques

Substrats -
b n
durs 6 indicateurs "HE" Bhu | ;.‘*
Peuplements d’Herbiers e TETE
” L i KA B (S
. ;. "':x
Yo a b
Substrats e .':_'@* » ¥ b
meubles wis : »
6/ Y . &
[ Lo, eate
erne”t llls " "

+ Pourcentages subst. durs / subst. meubles
+ Espéces de FFFB dominantes et remarquables

Plongeur 2 - "FM"
Faune Mobile

6 indicateurs "FM"

Peuplements Ichtyologiques et de Macro-invertébrés % ’d
I -
i, < \

+ Taux de sédimentation (nul, faible, moyen, fort, trés fort) I

+ Espéces de FM dominantes et remarquables
+ Especes protégées (tortues, mammifeéres)

*Substrats non colonisés : Score = 0
Absence de a, b ou c : Score = "Sans objet"

Score "RC" (a)”
= Moy. 8 Indic. x % Subst.
colonisés par les Récifs
Coralliens

Score "HE" (b)’
= Moy. 6 Indic. x %
Subst. colonisés par les
Herbiers

Score "MA" (c)"
= Moy. 6 Indic. X %

* Subst. colonisés par les

THE STANDARDIZED FIELD PROTOCOLS

e Use Rapid Assessment Methods
e Use standardized measurements
e Use regional references

e Consider the seasonality

* To test and validate hypothesis
Score

- "FFFB"
=a+b+c

THE RAM METHODS
CORRAM: Coral Reef RAM
SEARAM: Seagrass RAM
MANRAM = Mangrove RAM

Mangroves

=

Score "FM"
= Moy. 6 Indic.

Score Global

= (Score "FFFB" + Score'

'FM") /2

®




Biodiversity

What makes a 'successful' indicator? & Indicators
Partnership

Experience has shown a number of key factors in determining whether an identified
indicator is taken up and produced over time:

» Scientifically valid - a) there is an accepted theory of the relationship between the indicator and its
purpose, with agreement that change in the indicator does indicate change in the issue of concern;

b) the data used is reliable and verifiable.

 Based on available data — so that the indicator can be produced regularly over time.

* Responsive to change in the issue of interest.

* Easily understandable — a) conceptually, how the measure relates to the purpose, b) in its
presentation, and c) in the interpretation of the data.

* Relevant to users’ needs.

* “Championed” by an institution responsible for the indicator’s continued production and
communication.

e Used - for measuring progress, early-warning of problems, understanding an issue, reporting,
awareness-raising, etc.



Acquisition des données Normalisation des
in situ (Métriques) données (Scoring)

Métriques de structure y=alog (X:‘ 1)“+ bx
1- Fragmentation (%) el )
2- Hauteur (m) — . Indicateur de structure
3- Circonférence (cm) el Moyenne Scores 1a 5
4- Densité adultes (pieds/100m?)  Emmm—— e i
5- Diversité spécifique (nb sp.) . e -- - -
Métriques de vitalité y=alog(x+1)+bx
6- Etat de santé (% nécrose) .-‘, _ ) .
7- Densité juvéniles (pieds/100m?) IS Indicateur de vitalité Indicateur global
8- Déchaussement (cm) - ‘ = Moyenne Scores 6 a 10 _ =Moyenne Scores 1 a 15
9- Stigmates usages (nb./100m?) I - il e _—
-stgmates ags /o) - [ | -

Métriques de faune associée y=alog(x+1)+bx

11- Avifaune autochtone (nb./100m? M ) )
12- Bioturbation crabes (nb./100m?) M- e Indicateur de faune associée
13- Sp. "clé de voute” (nb./100m?) IS uigm = MoyenneScores11a15

14- EEE (nb./100m?) ’"-‘ -- A --

15- Poissons (nb./100m?) —‘




How to spatialize indicators?

Dzaoudzi...

-
Mamoudzou
3 km

HABITATS
MAPPING AND
SCORING:

flot M'Bouzi 4 ' ‘ - CORAL REEFS
3km ! ; - SEAGRASS
== - X - MANGROVE

Madagascar - ASSOCIATED FAUNA
300 km

I

Pente Externe de |
Récif Barriére f
(RBA-PE)

Pente Interne de
-~ Récif Barriere

Sensibilité écologique des
peuplements benthiques de
substrats durs (Score "RC")

Mamoudzou Trés faible
Faible

I Moyenne

B Elevée

B Trés élevée

* Peuplements
remarquables

=== Enjeu de conservation
=+=" prioritaire

\ v
Tlot M’Bouzi / o) o
/ AMP de la passe en %

Passe enS _:'4 2,5 km

0 200 400 m $t e de conservation e e -« -
g L J




How to spatialize indicators?

AUTOCORRELATION
SPATIALE

semivanance

150

distance

OR BY
GEOSTATISTICAL
INTERPOLATION

INDICATEUR HERBIER
(/10) (ORDINARY KRIGING)

1]

5
1

O oNoudwWwNRO
LI |
W O NV & WN -

'
—
o




INCLUDING ABIOTIC
VARIABLES)

GRANULOMETRIE DES

TURBIDITE

0,30 - 0,46 SUBSTRATS MEUBLES

0,46 - 0,49 Sablo-vaseux (<63 a 80 pm)

0,49 - 0,51 = Sable fin & Sablo-vaseux (80 a 125 pm)
[ 0,51-0,54 [] Sable fin & Sable moyen (125 a 250 pm)
[77 0,54 - 0,58 [ sable grossier & Sablo-vaseux (250 & 500 pm)
[ 0,58 - 0,64 [ sable grossier & Sable fin (500 pm a 1 mm)
9 0,64 - 0,80 [ sable grossier / Granules (1 & 2 mm)
B 0,80 - 1,02 I Débris & Sablo-vaseux (2 & 4 mm)
B 1,02- 1,34 I Débris & Sable fin (4 a 8 mm)
B 1,34-5,20 I Débris & Sable grossier (8 a 16 mm)

I Débris (>16 mm) ou pas de substrats meubles
0 @ 500 m 0 @ 500 m




How to spatialize indicators?

Groupes de variables écologiques (actives) p——
~¥ Structure des peuplements coralliens -
.~ Etat de santé de la communauté benthique

-~ Abondance des macro-invertébrés

~~ Abondance et diversité ichtyologique

Groupes de variables mésologiques (supplémentaires)

' Influence du confinement et activité biologique
@ |Influence anthropique et ruissellements urbains
@ Influence océanique et discontinuité récifale

\ Sédimentation

Dim2 (16.2%)
o
=)
N

@
\ Eaux pluviales.
\ o
\ Turbidité
\
\
\
\
\ ! t It
-0.5- \ finement o
Epinephelus merra
S
\\
\\\
g
-1.0- —=
-1.0 -0.5

Macro-invertebre

Energie de la houle

® N\

Vitalite des coraux \
E 4

[ \\
o g2
/2 L e \ ALLOWING AN
; R.awfnes/X = Recmorallien\ ANALYSIS OF CAUSAL
R e | o RELATIONSHIPS

Poucent. Acropora /'

: . Complex. structurelle/
Scaridae poissons

0.0 0.5 1
Dim1 (28.4%)
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In order to provide the data necessary for the
dimensioning of the offset

In order to provide the input data necessary for dimensioning of offset according to:

« The intensity of residual impacts (after avoidance and reduction) on biocenoses (ecological
scores), which must be compensated according to a species, functions, habitats approach.

» The surface area of impacted ecosystems.

« The notions of sustainability ( transient, permanent) and additionality (cumulative, synergistic)
of the pressures induced by the project.

The dimensioning of the offset will then be weighted according to the characteristics of the
offset-site and ecological engineering techniques, as well as their completion deadlines:

« Technical risk of not achieving the objectives (divergence from the set ecological trajectory).

* Risk linked to the management of the compensation site (is it protected, according to which
protection status?).

« Time between the occurrence of impacts and the initiation of compensation measures.

« Time between the initiation of compensation measures and the achievement of their objectives.

« Sustainability of the measures implemented (self-maintained or requiring regular
maintenance).

Etc..
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