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ARTIFICIAL REEFS

Solid structures intentionally or
unintentionally placed on the
sea floor



Reasons for deploying ARs:

- Enhance fisheries (Seaman et al. 1991)

- Protection of fish stocks/habitats (Jensen 2002)

- Restore marine habitats (including spawning
areas) (Clark & Edwards 1995, Chojnacki 2000 Samuel et al. 2005,)

- Create sites for recreational diving and fishing
(Wilhelmsson et al. 1998)

- Research (Seaman et al. 1991)



Influencing factors:

• Location (depth, isolation) (McArthur & Wilson 1967, Moffit et al.

1989

• Complexity (Sale 1974)

• Size (Ambrose & Swarbrick 1989)• Size (Ambrose & Swarbrick 1989)

• Epibiota (habitat forming, food) (Bailey-Brock 1989)

• Surrounding habitat (Einbinder 2006)

• Reef height (Jesse et al. 1985, Rilov and Benayahu 2002)
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Generally greater fish denstities, biomass, and
catch rates compared to surrounding
bottoms/open ocean or natural reefs



Solid structures intentionally or unintentionally placed
on the sea floor…

”Secondary artificial reefs”
(Pickering et al. 1998)

e.g.

• Petrolium platforms (Helvey 2002, Love et al. 1999, Ponti et al. 2002)

• Breakwaters (Stephens et al. 1994)

• Pier pilings (Connell & Glasby 1999, Rilov & Benayahu 1998)



Offshore wind and wave energy devices
as artificial reefs





Aggregation around wind turbines showed
for e.g.:

- Gravity Foundations (Bergström et al. 2012):

Eelpout (Zoarces viviparus)

European eel (Anguilla anguilla)

Cod (Gadus morhua)

Short-horn sculpin (Myoxycephalus scorpius)

European eel (Anguilla anguilla)

Goldsinny wrasse (Ctenolabrus rupestris)

- Monopiles with scour protection:
Pouting (Trisopterus luscus) (Reubens et al. 2011)

Cod (Couperus et al. 2010.)

-Monopiles without scour protection:
(Wilhelmsson et al. 2006)

Benthic fish
Bergström et al. 2012



Seabased Ltd. wave power
foundations

25 m, Skagerack

(Langhamer & Wilhelmsson
2009a)
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Crustaceans

- Crabs
- Lobsters
- Gammarids

Wilhelmsson & Malm 2008, Maar et al .
2009, Langhamer & Wilhelmsson 2009,
Langhamer et al 2009, Bergström et al.
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Langhamer et al 2009, Bergström et al.
2012
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FISH AGGREGATION DEVICES (FADs)

Bouys/rafts etc. midwater or at the surface, anchored in
deep water.

- 50-70% of tuna catches in the WIO

- 2.4 million metric tonnes in the Pacific

- 30% of the landings in Sicily
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- 30% of the landings in Sicily

(e.g. Seaman & Sprague 1991, Marsac et al. 2000)

- 330 fish species



FAD effects of wind turbines?

(e.g. Fayram and deRisi 2006, Wilhelmsson et al. 2010)



FAD effects of wave energy devices?
(e.g. Wilhelmsson and Langhamer 2010)

Organisms Seabased Pelamis WavebobOrganisms Seabased Pelamis Wavebob

Benthic fish + 0 0

Pelagic fish ++ ++ +++

Crustaceans ++ 0 0

Blue
mussels

++ +++ +++



Influencing factors:

• Location (depth, isolation) (McArthur & Wilson 1967, Moffit et al.

1989

• Complexity (Sale 1974)

• Size (Ambrose & Swarbrick 1989)• Size (Ambrose & Swarbrick 1989)

• Epibiota (habitat forming, food) (Bailey-Brock 1989)

• Surrounding habitat (Einbeinder 2006)

• Reef height (Jesse et al. 1985, Rilov and Benayahu 2002)
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- Complexity (scour protection,
foundation, frond mats)

- Colour
- Texture/inclination
- Specific features
- Resemble natural habitats?
- Minimise impacts?

Design/configuration

- Minimise impacts?

etc.



Langhamer & Wilhelmsson,
2009b.

Langhamer et al. 2009

etc.
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Risks with ARs and FADs

• Aggravate overfishing (direct or redirected
fishing) (e.g. Polovina 1991)

• Conflicts over user rights (e.g. Milon 1989)

• Seabed changes (i.e. locally increased predation• Seabed changes (i.e. locally increased predation
pressure) (e.g. Davis et al. 1982)

• Ecological traps (FADs) (e.g. Brock 1985, Hallier & Gaertner

2008)

• Alien species (Bulleri & Airoldi 2005, Glasby et al. 2007)
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Why these ”artificial reef effects”?:

• Shelter: main structure, epibiota, shade

• Food: epibiota, water velocity, surrounding soft bottom

• Behavioral cues• Behavioral cues

(Bohnsack & Sutherland 1985,

Jessee 1985, Grove et al. 1991,

Einbinder et al. 2006)
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Reasons for fish to aggregate

- Food, shelter

- Camouflage

- Visual enhancement

- ”Hitchhiking”

- Spawning

- Reference point for
pelagic searches

- Meeting point 26
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Stepping stones for invasive species?

*p<0,05
Wilcoxon´s

*

Dong Energy et al. 2006,

Brodin & Andersson 2008



SCALE AND IMPORTANCE OF EFFECTS?



GOOD FOR THE MARINE ENVIRONMENT?



THANK YOU!


