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Coastal lagoons
(30,000 referenced = 12 % of world coastlines)

Fig. 1. World distribution of barrier and lagoonal coastlines. Reproduced from Barnes (1980),
Coastal Lagoons, Fig. 1.1 on page 2, with kind permission of Cambridge University Press.



Coastal lagoons in the Mediterranean Sea
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Coastal lagoons in S. France (according WFD |mplementati

> 50 ha.)
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Turbidity
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Turbidity

Eutrophication
during nutrient over-
enrichment
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Turbidity

Oligotrophication
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Le Fur et al, 2018,
Hydrobiologia
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Moving from Eutrophication (1960-2005) to Restoration
(oligotrophication. / re-oligotrophication / de-eutrophication)

Agglomeration of Montpellier Agglomeration of Montpellier
123 000 inhabitants ~ Population growth 450 000 inhabitants

1960 Coastal urbanization 2005\5 2013 '

2 Anthropogenic inputs to
coastal lagoons 12/2005 : Improvement of

WWTP and implementation
of a 11 km offshore outfall
system to divert its effluent
= into the Mediterranean Sea

7
e
=3
’

Costs 150 M€, After 2006 reduction of inputs N: 68 % P:59 %
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DPSIR

and ecological restoration
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Indicators for water quality of the RSL monitoring programme (preceding WFD)
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Based on STATICO analysis (27 poly- euhaline lagoons)

NH 4
N03 +N 02,
A
PO4 ) .
Basin of attraction
Low Phytoplankton
Basin of attraction
=3 =T = Perennial macrophytes,
: SEaErasses
Y B Resilience
7 .
Hypertrophic ~
state
Reference states
Trajectory
Basin of attraction
Opportunistic
macroalgae
High .

Le Fur et al, 2019,
Mar Ecol Progr
Series

TN, TP,
—_—‘ Chla
Turbidity

High Low



Macrophytes in Etang de Méjean ( BEFORE 2000- 2005

(hypertrophic in 2005) AFTER 2006- 2013 )
100 4
90 m Ulva rigida
80 m Ulva clathrata
W Gracilaria gracilis
70 m Gracilaria dura
m Gracilaria bursa-pastoris
60 m Gracilaria sp. N
Chaetomorpha aerea -
50 m Chaetomorpha linum
m Chondria capillaris
40 Cladophora vagabunda
m Solieria chordalis
30
20
10
Le Fur et al, 2019, 0 -
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Total Phosphorus (mmol. kg-1)
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otal Phosphorus (mmol. kg-1)
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" Based on STATICO analysis (27 poly- euhaline lagoons)
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Laboratory
studies:
"Van der

Heide et al.

2012

(Science)

De Fouw et al.
2016 (Current
Biology)

First field
experiment
(Thau lagoon)
Van der Geest
et al. (in
review)
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The Scheffer model does it apply in shallow coastal lagoons?

1- The two end members do occur in coastal lagoons, i.e.
1) the angiosperm (Magnoliophyta)-dominated state
(oligotrophy):
Stuckenia, Ruppia sp., Zostera noltei

i) the phytoplankton-dominated state (hypertrophy
up to 400 ug.L-1 Chla)

2- In poly- and euhaline as well as in mesohaline lagoons —
macroalgae dominate at intermediate conditions.

3- In mesohaline and oligohaline lagoons some angiosperms
(Ruppia and Stuckenia) escape competition with
phytoplankton through floating leaves.



Oligotrophication trajectories in poly- euhaline
lagoons follow a pattern punctuated by regime shifts:

Phytoplankton-dominated state

Macroalgae-dominated state (bottom-dwelling species)

\

Angiosperm-dominated state

For highly eutrophied conditions the latter regime shift is
difficult to achieve (has not yet been observed after 10 years
of oligotrophication):
-Sediments as an internal source of nutrients
-Feedback loops in the angiosperm-dominated
state



Two main questions:
1- is the desired state (WFD) attainable and sustainable?
2- is normative WFD -approach coherent with citizen’s
desires?



Two main questions:
1- is the desired state (WFD) attainable and sustainable?
2- is normative WFD -approach coherent with citizen’s

desires?
~ —
. Desired State
Reference State Desnrgd State (according
(according WFD) perceptions and

‘\‘ Assessment of the /‘ ‘wishes of local
ecosys?em state populations)
according WWEFD
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Degradation Transient
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Non-monetary Ecosystem Service
assessments

PRRTICIPATION CITOVENNE
anios | Surveys and

Citizen’s workshops

24, 25 et 30 mai

=S . de 18h30 a 21h

e e

Salle des fetes X

NOUS SOLLICITONS
VOTRE AVIS




erious Card game: Q-method

Biomasse ’ Coquillages

Ressources Gibiers d'eau et
piscicoles oiseaux

Least (not) Important Most Important

-
<

Péche professionnetie 23

Régulation du
débit d'eau

Support pour
les cultures

Huitres, palourdes, . Canaux et stations de
molusques 22 Elevage professionnel 3 7 pampage

Fixation des berges
contre |'érosion

Exploitation agricole 27

Autres matiéres &
usage ou

transformation

directe

s ——

Support pour
|e camping

Nurserie
et habitat

Autoépuration et
filtration de I'eau

Balade a vélo

—

Anguilles, salicorne, Améliore 13 quanté >
bois flotté alfactive du milies 14 .contre Férosion 13 16
Régulation du Fixation et Régulation des Identité Promenade, Balade et excursion | Source d'inspiration Education 3
micro-climat décomposition des innondations et locale randonnée et course en bateau artistique 'environnement

débris organiques protection des terres
el o .

N
A 1

Histoire de |'étang et du
bassin versant

Péche amateur
et collecte de
coquillage

...contre les tempétes,
I'urbanisation, la salinité 5

Valeur esthétique
d'espéces rares et

Régulateur de tempdrature
et d'humidité 25

Site historique
et culturel

1

Sport nautique non
motorisé

4
Sentiment de bien-
étre et de tranquilité

Opportunites pour la
recherche
scientifique

Fortin, port antigue,
chapelle San Damiano 11

Hibiscus & 5 fruits 9 6 I 2 ' 8

31 cards with ES for study in Buguglia (Carole Haerty)




Pa | ava S (Sy et al., 2018 Ecol Econ; De Wit et al., under review)

Regulating and
mainteanace

protection against flooding (5)

microclimate regulation (25)

Highly-involved Stakeholders Citizens
group #1 group #2 : group #3 group #1 group #2 group #3
Environmental Environmental Environmental | Environmental Naturalist Environmental
hedonic teritorial and heritage | and territorial Eutilitarian - local
sensitivity approach ' identity

Cultural
services

sentiment of relaxation (24)
hiking and walking (27)

bird watching (12)

environmental education (10)

research opportunities (6)
local identity (7)

|aesthetic value species & habitats (9)
|aesthetic value of landscape (2)
|camping (26)

|waterfowl hunting (18)

aesthetic value species & habitats (9)

..........................

recreational boat navigation (4)

Provisioning

commercial inland navigation (29)

shellfish farming (22)




20 9 ES - high-level of consensus (all 5 regulating ES + 3 cultural ES + 1
ES provisioning)
11 ES (9 cultural ES and 2 provisioning ES)

Fisher exact

ES category ES subcategory Ecosystem service test (p value) General definition
Provisioning Food provision Biomass for grazing p <0.001***  {The provision of biomass for human consumption
Shellfish farming p<0.001***  land the conditions to grow it. It mostly relates to
Fish resources 0,264 cropping, animal husbandry and fisheries.
Regulationand  {Water provision Water purification capacity 0,298 Biochemical and physicochemical processes
maintenance involved in the removal of wastes and pollutants
services from the aquatic environment.
Coastal protection Flooding and other extreme events 0,235
regulation and protection Protection against floods, droughts, hurricanes,
erosion and other extreme events.
Banks reinforcement 0,196
Climate regulation Microclimate regulation 0,393 Regulation of greenhouse and climate active gases.
The most common proxies are the uptake, storage
and sequestration of carbon dioxide.
Life cycle maintenance Nursery and biodiversity maintenance 0,281 Biological and physical support to facilitate the
healthy and diverse reproduction of species.
Cultural services  [Symbolic and aesthetic values |Aesthetic value of landscapes p < 0.001%**
Local identity p<0.001***  |Heritage and aestheticvalues of the natural
Aesthetic value of habitats or species |p<0.001*** |environment.
Historical sites p < 0.001%**
Recreation and tourism Non-motorized water sports p < 0.001%**
Bird watching p < 0.001%**
Waterfowl hunting p<0.001***  |Opportunities that the natural environment
Sentiment of relaxation 0.002** provide for relaxation and amusement. M ] M ] Sy
Recreational hiking and walking 0,289
Recreational fishing p < 0.001*** P h D
Cognitive effects Research opportunity 0,869 Trigger of mental processes like knowing, th e Si S
Environmental education 0,464 developing, perceiving, or being aware resulting

from natural landscapes or living organisms. 20 1 9




20
ES_E

Dim2 (43%)

Biomass for grazihg

Water sports

0.0
Dim1 (57%)

Aesthetic value of habitats/species

Aesthetic value of
landscapes

ird watching

Sentiment of relaxation

9 ES - high-level of consensus (all 5 regulating ES + 3 cultural ES + 1 provisioning)
11 ES (9 cultural ES and 2 provisioning ES)

Cluster

-
[m]

Consumptive activities

Contemplative leisure

Heritage

M.M. Sy
PhD thesis
2019



» stakeholders share a strong consensus
concerning the importance of regulating ES

— ( environmental/territorial profiles give highest
priority to regulating ES)

* In contrast, concerning cultural ES, different
stakeholder profiles can be recognized:’

— naturalists profiles based on a contemplative
approach of nature (leisure) are opposed to

— a profile that favours consumptive use of nature
combined with a sense of local identity.



A
7% Coastal lagoons close to
& Montpellier

-

Abandoned Salinas

Habitats and sometimes Birds
directives apply to coastal lagoons

Important questions arise concerning
complementarities and
Incongruences with WFD




Habitats Directive (coastal

lagoons = priority habitat 1150)
e De Wi eval Includes abandoned salt
concentration ponds when

Number of Salinas and surfaces exploited )
constructed in former lagoons

30 30000
25 [ J 25000 Use of Salina surfaces (26,617 ha)in 2018 - 80‘?_ 61
ST o Other -
: L]
20 20000 m Property of the Conservatoire du
: k Littoral
o @
= Natura 2000 (other land owners)

15 15000

= ZNIEFF: shortlisted for Protected

o - Area

10 10000 = Industrial and/or Harbour

= Salt production without

interruption 1975-2018
5 5000 ) . )
Salt production discontinued, but

exploited in 2018

0 0
1940 1960 1980 2000 2020

Fig. 4. Time course of the total number of exploited Salinas (black line, left
scale) and surfaces used in hectares (closed circles, right scale) for salt extrac-
tion along the Mediterranean coast in southern France between 1950 and 2018.



Thanks to Amandine Leruste, Ines Le Fur, Mariam Maki Sy
(3 Ph students) and to Vincent Ouisse, Béatrice Bec, Héléne Rey-Valette,
Matthijs van der Geest, Carole Haerty, Mylene Farge, Annie Fiandrino

Monitoring:
data
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