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Thanks to [MPA news], Octo group and
___Sarah:-)

We are delighted to share within our world Community 20 years of research on AR



Who are we ?

Dr Sylvain PIOCH, assoc. Prof., Montpellier 3 Univ., Coastal Planning and Geography.

Key words: Environmental Impact Assessment, Ecological Ingineering (Artificial Reefs, Nature Based Solution, Eco-design, Rapid
Assessment Method), Citizens participatory, Project co-design

Research since 2003 (21 yrs), > 40 scient. publications on ecological eng. & AR. Example for 2023-2024:

1.

2.

Pioch, S., Patterson Ill, W. F. (2024). Mapped US artificial reef footprint. Nature Sustainability, 7(2), 100-101.

Firth, L. B., Bone, J., Bartholomew, A., Bishop, M. J., Bugnot, A., Bulleri, F., Chee, Pioch S. et al., (2024). Coastal greening of grey infrastructure: an update on
the state-of-the-art. In Proceedings of the Institution of Civil Engineers-Maritime Engineering (pp. 1-69). Emerald Publishing Limited.

Salalin, J.*, Raoux, A., Pezy, J. P., Dauvin, J. C., Pioch, S. (2023). Structural and functional changes in Artificial Reefs ecosystem stressed by trophic
modelling approach: Case study in the Bay of Biscay. Regional Studies in Marine Science, 65, 103100.

Hayek M., Salgues M., Souche J.C., De Weerdt K., Pioch S. (2023). How to Improve the Bioreceptivity of Concrete Infrastructure Used in Marine
Ecosystems? Literature Review for Mechanisms, Key Factors, and Colonization Effects. Journal of Coastal Research 39:2.
https://doi.org/10.2112/jcoastres-d-21-00158.1

Salaiin* J., Raoux A., Pezy J.P., Ferrou-Rocher A., Pioch S., Dauvin J.C., (2023). Ecosystem-Based Management approach applying to Artificial Reefs
assessment: a case study of network analysis in Capbreton, France. La Mer, Japanese-French Oceanographic Society Bulletin; 61 (1-2).

Pioch S., Souche J.C. (2023). Ecoconception des ouvrages maritimes : de la théorie aux exemples appliqués. Techniques de I'Ingénieur, GE 1 024, pp. 1-21.
https://doi.org/10.51257/a-v1-ge1024

Léocadie, A., Pioch, S., Pinault, M., David, G. (2023). Efficacité de la restauration écologique en milieu marin tropical: revue critique dans 'Océan indien.
Caribbean's studies, (53).
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AR experiences in deployment and
___assessment

- 13 AR projects as director or expert

- ~600 AR submerged

3

C. Bouchon, 2018
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Main research results « of interest »

== - \Nich house for wich species ? §iBiqrﬁnieriCKing approach
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Ethological relationship between fishes and
natural habitat

Targeted species and macro dimensional design

© Sylvain PIOCH

© Sylvain PIOCH

Pioch et al. (2018). Enhancing eco-engineering of coastal infrastructure with eco-design. Ecological Engineering, 120, 574-584
Pioch et al. (2011). In “Artificial reefs in fisheries management”. Bortone, S. A., Brandini, F. P., Fabi, G., & Otake, S. (Eds.). (2011). CRC Press.
Nakamura, M. (1985). Evolution of artificial fishing reef concepts in Japan. Bulletin of Marine Science, 37(1), 271-278.



Translate into AR design

Tvpes of Natural Adapted Species
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Pioch et Souche, 2021. Whiley ed.

Table 3.4. Relationship between target species types and eco-design (S. Pioch)




Catalog of design & target (> 300 mod.)

—

Dimensions {m) Volume | volume  Poids | Catégorie [ Juvénies | Adulte |
Modélas total m 3. | disponible ! aspécas
E— L | a h m 3 T cilles
8 5 7.6 304 211 25 2/B - x
5 5 5 125 100 43 2/B - x
175 | 175 20 1285 79 3/C - X
12 1 21 405 49 3/C - )(
5 5 1.7 42.5 32 19,5 1/A - X




Colonization with « Bio » concrete and structural experiences

Factors studied:

« Surface pH

« Cement component (oyster / fertilizer...)
« Hydrofobicity

* Roughness

Results:
1. Little additional value with pH, cement compo. or
hydrofobicity 1009 . -
2. Strong effet of level of roughness (surface state) I . e
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Hayek, M., Salgues, M., Souche, J. C., De Weerdt, K., & Pioch, S. (2023). How to Improve the Bioreceptivity of Concrete Infrastructtire Used in Marine Ecosystems? Literature Review for
Mechanisms, Key Factors, and Colonization Effects. Journal of Coastal Research, 39(3), 553-568.

Hayek, M., Salgues, M., Habouzit, F., Bayle, S., Souche, J. C., De Weerdt, K., & Pioch, S. (2020). In vitro and in situ tests to evaluate the bacterial colonization of cementitious materials in the
marine environment. Cement and Concrete Composites, 103748



Rapid Assessment
Method to score gain of
“biodiversity

Need to assess and score the ecological performances of
AR:

- Quickly
- Simple indicator to be understood

- Minimal cost

Pioch et al., 2018

https://icriforum.org/new-report-methodology-for-scaling-
mitigation-and-compensatory-measures-in-tropical-marine-

ecosystems/

;JIFRECOR E=eis

MERCI-COR

METHODOLOGY FOR SCALING
MITIGATION AND COMPENSATORY
MEASURES IN TROPICAL MARINE
ECOSYSTEMS

AUTHORS: PIOCH S., PINAULT M., BRATHWAITE A., MECHIN A. AND PASCAL N.

UNIVERSITE PAUL VALERY MONTPELLIER 3-CEFE, MAREX, UNIVERSITE DE LA
REUNION, BLUE FINANCE NGO AND IFRECOR
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Definition (FAO, 2015)

What is it:

“An artificial reef is a submerged (or partly) structure deliberately placed
on the seabed to mimic some functions of a natural reef, such as
protecting, regenerating, concentrating and/or enhancing populations of
living marine resources.

It will serve as habitat that functions as part of the natural ecosystem

while doing ‘no harm'.
What it is not:

“The term excludes artificial islands, cables, pipelines, platforms, mooring, :
and structures for coastal defence (e.g. breakwaters, dikes, etc.) which
are primarily constructed for other purposes, as well as the fish
aggregation devices (FADs) employed to merely attract fish in certain
fishing areas.”




Original concept: historical roots

1st recorded marine ecological engineering Ist national policy to enhance marine
tools, ~3,000 yrs. ago Mediterranean sea productivity, in Japan, Joo Emperor
(Riggio et al., 2000) chronicles 1652-1655 (Thierry, 1988)

Boulders rock to create new & artificial reef 'Wreck with rocks sunk to create new fishing area




Material and purpose

Artificial reef characteristics

Dominant construction material (81.6%)

Ash
Bnick

Ceramic

Concrete

Dead coral

Fibreglass

Mixed components

Other metal (e.g., aluminum)

Plastic

Rock (e.g., rubble, limestone)

Rubber (e.g., tires)
Shell

3 Steel

Wood (Ramm et al., 2021)
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General goals

Not a “miracle” solution.
14°39'N |\

=> Need clear goal AND adapted
management (upon goals)

Production

Protection

Recreational

Restoration

14°36' N
17°12.5' W 1412 W 14°9' W

Brochier et al., 2021. Scientific reports °



Portugal : fisheries productivity

E— In association with fishermen supported by scientists (IPIMAR) results after

23 years of follow-up

- CPUE x 2.2 (since 1990) and stable
- Increase divers from 15 to 20% (world class diving destination euran
- Lower operating costs

- re-stocking experiment (seabream)

(Monteiro — Santos 1997 - 2007); Santos, MN, Monteiro, CC, &
Leitdo, F. (2011). The role of artificial reefs in the sustainability of
Artisanal Fisheries. Artificial Reefs in Fisheries Management,
221-237




USA : recreationnal and touristical

- Florida: 2500 recreational sites, since 1970 (37 projects)
Central West Counties : 1.3 million visitors (diving, fishing)

[ Northwest
I North Central
[E Northeast
[[ Central West
[ central

[@ central East
Southwast

[E southeast

[ 3 _ _The Beach Life =
TBLife.com

St. Petersbu
Clearwater

| Amelia Island
¥ /) Jacksonville

St Augustine

Palm Beach

Fort Lauderdale

T L
Key West —~*"

Local economy:

180 recreation sites

$ 200 million (€ 150 million)

2600 jobs

expense / day = 250 to $ 370 (€ 150-240)

K. Mille, Florida Fish and Wildlife Conservation Commission



Japan : marine-ranching (halieutic and
restoration)

« 20,000 developed sites and 12% of the coastal area
with AR,

« ~300 models of artificial reefs
« 650 million $ US invested (only public part.) in 2007

« National policy with fisheries and local communities
(Pioch., 2008)
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Is it a good answer ? YES

Many publications to confirm that WITHIN A GOOD MANAGEMENT plan AR can be a good
answer, see recent papers:

1.

“Artificial Reefs around the World: A Review of the State of the Art and a Meta-
Analysis of Its Effectiveness for the Restoration of Marine Ecosystems” Bracho-
Villavicencio et al., 2023, Environments

“Artificial reefs in the Anthropocene: a review of geographical and historical trends
in their design, purpose, and monitoring”. Ramm et al., 2021, Bulletin of Marine
Sciences

“Marine artificial reefs, a meta-analysis of their design, objectives and
effectiveness”. Vivier et al., 2021, Global Ecology and Trends
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But... also failure due to mistakes in its
—Uuse -

- Issue / controversy due mainly to mistakes and misuses :

1. “Recycled” material used as AR : Florida Osborne tires AR, wreck
used as RA and PCB pollution/oil spill (Martore et al., 1995)

2. Invasive species supported by smooth (concrete/steel/plastic
surfaces) construction material (see Gauff et al., 2023);

3. Modified hydrodynamic impact burial/current;
4. Aesthetic degradation of underwater landscapes (Pioch, 2008).

5. Ecological trap design enhance fish mortality (see Komyakova, et
al. (2021). A multi-species assessment of artificial reefs as
ecological traps. Ecological Engineering)

6. Decommissioned platform/wrecks and controversies over
attraction/production (top/big predator only enhance catchability, &
NNIS) (Bombace, 1989)




New field of research: spatial

connectivity

Connectivity pathways between
natural reef and artificial constructions
(infrastructure or AR)

=> need for ecological
considerations before the immersion
of any human construction, because
they will always be colonized for
better or less
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Pioch, S., Patterson lll, W. F. (2024). Mapped US artificial reef footprint. Nature Sustainability, 7(2), 100-101.



Artificial reef footprint in the United

IIIII

- original classification for the wide variety of structures
deployed

- permitted AR zones on the seafloor are about 5 811,33 km?, TN

- cumulative footprint of deployed reefs is only approximately | 3 :
19,23 km?, nearly 300 times less. 2

- in 2020, 99.67% of the permitted zoned remained available for

AR deployment

- in the south-eastern U.S., the AR footprint represents < 0.01% of

that of natural reefs and only covers 2.57% of the continental
shelf (-10 to -200 m depth)

£k P 8 & B g

=> they have developed and effective approach for estimating AR |
aerial coverage



Today, world map of AR publications (WOS)

Ramm et al., 2021 '



AR publications
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Important interest since 3 yrs

w UNITED NATIONS DECADE ON A _?
N/~ ECOSYSTEM [ - i
=" RESTORATION =3 i\

2021-2030




