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Foreword 

Artificial reefs are set on the seabed to enhance the growth of marine floral and faunal 

benthic communities which simulate natural settings for promoting fish aggregations and 

provide the base for the propagation of resident populations within sheltered structures. 

They are being used in several parts of the world to promote habitat recovery and enhance 

reef-dependant resources. The advantage of artificial reefs is in developing fishing grounds 

close to shore, easily accessible to traditional and non-destructive fishing methods, ensuring 

the sustainability of both, the habitat, and the resources therein.  

Since 1980, ICAR-CMFRI has been working on habitat enhancement and improvement of 

coastal productivity and livelihoods, through FADs, artificial reefs and fish stock revival and 

restorations, with early trials in Lakshadweep, Tamil Nadu and Kerala. Since the turn of the 

21st century, ICAR-CMFRI, through its Madras Regional Station in Chennai, joined hands with 

the Government of Tamil Nadu in deploying artificial reefs in nearly 150 sites in the coastal 

waters of the state. The Institute has, over the years, evolved standard protocols for site 

selection, design, fabrication, deployment and impact assessment of artificial reefs. In 2020, 

ICAR-CMFRI was granted a patent for three designs of artificial reefs (Patent 197/CHE/2012).  

The results from the various deployments in Tamil Nadu, Kerala, Andhra Pradesh and 

Gujarat have developed more interest in AR deployments towards coastal fishery and 

habitat enhancements. There is a huge demand from the traditional fisher community in 

Tamil Nadu for deploying more reefs for the promotion of livelihood. Following the 

developments in AR applications towards coastal productivity the Department of Fisheries, 

Ministry of Fisheries, Animal Husbandry and Dairying (DoF, MoFAH&D) New Delhi organized 

a National webinar on 29.08.2022 and subsequently on 24.11.2022 in which a team of 

scientists and experts from CMFRI led by Dr. Joe K. Kizhakudan, PI & PS presented the 

research findings and impacts and highlighted the increasing needs for habitat 

enhancements, restoration of fish resources as a commitment to achieving SDG goals of the 

United Nations. The DoF, MoFAH&D subsequently released an OM F.No.J-26001/6/2022-

DoF(E-20799) dated 10.10.2022 proposing to create 1200 AR sites by 2022-23 in 13 

ǎǘŀǘŜǎκ¦¢ǎ ŀƭƻƴƎ ǘƘŜ ŎƻŀǎǘƭƛƴŜ άtǊƻƳƻǘƛƻƴ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ ŦƛǎƘŜǊƛŜǎ ŀƴŘ ƭƛǾŜƭƛƘƻƻŘǎ ǘƘǊƻǳƎƘ 

!ǊǘƛŦƛŎƛŀƭ wŜŜŦǎ ŀƴŘκƻǊ {Ŝŀ ǊŀƴŎƘƛƴƎέΦ 

The DoF, MoFAH&D intends to assist the States/UTs under the Pradhan Mantri Matsya 

Sampada Yojana (PMMSY) scheme for the installation of AR and for undertaking sea 

ranching activities in their coastal waters as a sub-ŀŎǘƛǾƛǘȅ ǳƴŘŜǊ ǘƘŜ ŀŎǘƛǾƛǘȅ άLƴǘŜƎǊŀǘŜŘ 

aƻŘŜǊƴ /ƻŀǎǘŀƭ CƛǎƘƛƴƎ ±ƛƭƭŀƎŜέ ƻŦ ǘƘŜ ŎŜƴǘǊŀƭƭȅ ǎǇƻƴǎƻǊŜŘ ǎŎƘŜme (CSS) component of 

PMMSY. The Technical and scientific expertise of ICAR-CMFRI in this area have been 

recognized and we have been identified to impart the training and technical assistance to 

the officials of departments of fisheries of the respective states/UTs, FSI, CICEF, CIFNET and 

Sagar Mitras. 
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We are grateful to the National Fisheries Development Board (NFDB) for extending support 

for conducting two 3-days ¢ǊŀƛƴŜǊǎ ¢ǊŀƛƴƛƴƎ ǇǊƻƎǊŀƳ ό¢ƻ¢ύ ƻƴ ά¢ƘŜ CǳƴŘŀƳŜƴǘŀƭǎ ƻŦ 

Artificial Reefs for Improving Marine CƛǎƘŜǊƛŜǎ ƛƴ LƴŘƛŀέ ŘǳǊƛƴƎ му-20 Jan. 2023 and 30,31 

Jan. and 01 Feb. 2023 and publish course manuals in Tamil, English and Hindi for the 

benefits of the officials and trainees. 

¢Ƙƛǎ ¢ǊŀƛƴŜǊΩǎ ¢ǊŀƛƴƛƴƎ ǇǊƻƎǊŀƳ ƻƴ ŀǊǘƛŦƛŎƛŀƭ ǊŜŜŦǎ ƛǎ ǘƘŜ ŦƛǊǎǘ ƻŦ ƛǘǎ ƪƛƴŘ to be conducted in 

India. I congratulate the Madras Regional Station of ICAR-CMFRI for successfully 

spearheading artificial reef programs in the state. I hope the training program and this 

course manual will be of immense help to the potential trainers identified from different 

government agencies to take forward the artificial reef program on a national scale as 

envisaged under the PMMSY. 

 

 

A. Gopalakrishnan 

Director  
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Abbreviations  

AFH  Artificial Fish Habitat 

AR Artificial Reefs 

CARAH International Conference on Artificial Reefs and Related 

Aquatic Habitats 

CMFRI Central Marine Fisheries Research Institute 

DoF Department of Fisheries 

FAO Food And Agriculture Organization of The United Nations 

GFCM General Fisheries Commission for The Mediterranean 

GFM Grouper Fish Module 

ICAR Indian Council of Agricultural Research 

IFAD International Fund for Agricultural Development 

IPIMAR Fisheries And Marine Research Institute of Portugal 

MAP Mediterranean Action Plan 

MoA&FW aƛƴƛǎǘǊȅ ƻŦ !ƎǊƛŎǳƭǘǳǊŜ ϧ CŀǊƳŜǊΩǎ ²ŜƭŦŀǊŜ 

MoFAH&D Ministry of Fisheries, Animal Husbandry & Dairying 

NFDB National Fisheries Development Board 

OSPAR Oslo and Paris Conventions 

OECM Other (area-based) Effective Conservation Measures 

PMMSY Pradhan Mantri Matsya Sampadana Yojana 

PTSLP Post-Tsunami Sustainable Livelihood Programme 

RFM Reef Fish Module 

SCMEE Sub-Committee on The Marine Environment and Ecosystem 

TNCDW Tamil Nadu Corporation for Development of Women 

UNCLOS United Nations Convention on The Law of The Sea 

UNEP United Nations Environment Programme 

WRM Well Ring Module 
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Artificial reefs - definition, history and status in India 

Joe K Kizhakudan, Shoba Joe Kizhakudan, Divu D, Sreenath R, Mohamed Koya K, Loveson 

Edward, Vivekanandan E, Mohamad Kasim H, KK Philipose, Rajamani M, Mohanraj G, 

Rajagopalan M and Remya L. 

 

Introduction 

World fisheries today face threats from several quarters, including non-judicious fishing 

practices influenced by irrational growth in demand, destruction of aquatic habitats through 

pollution and destructive fishing methods, rupture of trophic food webs by increased 

exploitation of particular fishery resources, increased incidences of natural disasters and the 

impacts of climate change. With increasing concern over global marine fish production, and 

the scenario being not very different in India, there is an urgent need to evolve resource-, 

area-, and habitat-specific management tools to revive, sustain or improve Indian marine 

fisheries and marine ecosystems. The immediate and primary objective of a management 

strategy would ideally look towards enhancing fish catches.  

 

 
Fig. 1. Mechanized fishing vessels docked at Kasimedu, Chennai 

 

CƛǎƘŜǊƛŜǎ ƛƴ Ƴŀƴȅ ǇŀǊǘǎ ƻŦ ǘƘŜ ǿƻǊƭŘ ƘŀǾŜ ǳƴŘŜǊƎƻƴŜ ŘǊŀǎǘƛŎ ŎƘŀƴƎŜǎΣ ǿƛǘƘ ƻƴǎƛŘŜǊŀōƭŜ 

ǊŜŘǳŎǘƛƻƴ ƛƴ ǘƘŜ ƳŜŀƴ ǎƛȊŜǎ ƻŦ ŎƻƳƳƻƴΣ ŎƻƳƳŜǊŎƛŀƭƭȅ ŜȄǇƭƻƛǘŜŘ ǊŜǎƻǳǊŎŜǎΣ ƛƴŎǊŜŀǎŜ ƛƴ 

ŎŀǘŎƘŜǎ ƻŦ ǎƳŀƭƭŜǊΣ ƭƻǿ-ǾŀƭǳŜ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ōȅŎŀǘŎƘΣ ŀƴŘ ƳŀǎǎƛǾŜ ŎƻƭƭŀǇǎŜǎ ŎŀǳǎŜŘ ōȅ ǊŀǇƛŘƭȅ 

ƎǊƻǿƛƴƎ ŦƛǎƘŜǊƛŜǎ ƻŦǘŜƴ ǳƴŦƻǊŜǎŜŜƴ ōȅ ƻǳǊ ŀǎǎŜǎǎƳŜƴǘ ƳŜǘƘƻŘǎΣ ƭŜŀŘƛƴƎ ǘƻ ŘƛǎŀǎǘǊƻǳǎ ǎƻŎƛŀƭ 

ŀƴŘ ŜŎƻƴƻƳƛŎ ŎƻƴǎŜǉǳŜƴŎŜǎΦ ¢ƘŜ ǎƭƻǿ ŀƴŘ ǎǘŜŀŘȅ ŘŜǇƭŜǘƛƻƴ ƻŦ ƘƛƎƘ-ǾŀƭǳŜ ŘŜƳŜǊǎŀƭ 
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ǊŜǎƻǳǊŎŜǎ όDŀǊŎƛŀ ŀƴŘ bŜǿǘƻƴΣ мффтύ ƛǎ ŀƭǎƻ ŀ ƳŀǘǘŜǊ ƻŦ ƎǊŜŀǘ ŎƻƴŎŜǊƴΣ ŀǎ ǘƘƛǎ ƛǎ ǳǎǳŀƭƭȅ 

ŘƛǊŜŎǘƭȅ ƭƛƴƪŜŘ ǘƻ ǘƘŜ ŘŜƎǊŀŘŀǘƛƻƴ ƻŦ ōŜƴǘƘƛŎ ƘŀōƛǘŀǘǎΦ 

{ǳǎǘŀƛƴŀōƛƭƛǘȅ ƛǎ ŀ ŘŜŎŜǇǘƛǾŜ Ǝƻŀƭ ōŜŎŀǳǎŜ ƘǳƳŀƴ ƘŀǊǾŜǎǘƛƴƎ ƻŦ ŦƛǎƘ ƭŜŀŘǎ ǘƻ ŀ ǇǊƻƎǊŜǎǎƛǾŜ 

ǎƛƳǇƭƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ŜŎƻǎȅǎǘŜƳ ƛƴ ŦŀǾƻǳǊ ƻŦ ǎƳŀƭƭŜǊΣ ƘƛƎƘ ǘǳǊƴƻǾŜǊΣ ƭƻǿ ǘǊƻǇƘƛŎ-ƭŜǾŜƭ ŦƛǎƘ 

ǎǇŜŎƛŜǎ ǘƘŀǘ ŀǊŜ ŀŘŀǇǘŜŘ ǘƻ ǿƛǘƘǎǘŀƴŘ ŘƛǎǘǳǊōŀƴŎŜǎ ŀƴŘ Ƙŀōƛǘŀǘ ŘŜƎǊŀŘŀǘƛƻƴΣ ŀƴŘ ǇǊŜǎŜƴǘ 

ŦƛǎƘŜǊƛŜǎ ƳŀƴŀƎŜƳŜƴǘ ƛǎ ǳƴŀōƭŜ ǘƻ ǊŜǾŜǊǎŜ ǘƘƛǎ ǘǊŜƴŘΦ {ƻƳŜ ǉǳŜǎǘƛƻƴǎ ǘƻ ǇƻƴŘŜǊ ŀǊŜ ς  

 

Å ²Ƙŀǘ Ƙŀǎ ƘŀǇǇŜƴŜŘ ǘƻ ƻǳǊ Ŏƻŀǎǘŀƭ ǿŀǘŜǊǎΚ  

LƴŎǊŜŀǎŜŘ ŜȄǇƭƻƛǘŀǘƛƻƴ ŀƴŘ ƛƴǾŜǎǘƳŜƴǘǎ ŀƴŘ ǇǊƻ-ŘŜǾŜƭƻǇƳŜƴǘ ƛƴǎǘŀƭƭŀǘƛƻƴǎΣ 

ƛƴŎǊŜŀǎƛƴƎ ŘƛǎŎƘŀǊƎŜǎ ŀƴŘ ƛƴǇǳǘǎ όǘƘŜǊƳŀƭ κ ǎŀƭƛƴŜκƴǳǘǊƛŜƴǘǎ κŘŜōǊƛǎύΦ 

Å ²Ƙŀǘ ƛǎ ƘŀǇǇŜƴƛƴƎ ǘƻ ƻǳǊ ǘǊŀŘƛǘƛƻƴŀƭ ŦƛǎƘŜǊǎΚ  

{ŜǾŜǊŜƭȅ ǎǘǊŜǎǎŜŘ 

Å !ǊŜ ǿŜ ŦƛǎƘƛƴƎ Řƻǿƴ ǘƘŜ ŦƻƻŘ ŎƘŀƛƴΚ  

¸ŜǎΣ ƛǘ Ƙŀǎ ŀƭǊŜŀŘȅ ōŜƎǳƴ ŀ ŦŜǿ ŘŜŎŀŘŜǎ ōŀŎƪ 

Å !ǊŜ ǿŜ ǎŜŜƛƴƎ ǘƘŜ ŜƴŘ ƻŦ ǘƻǇ ǇǊŜŘŀǘƻǊǎ ŀƴŘ ǿŜƭŎƻƳƛƴƎ ŦƻǊŀƎŜǊǎΚ  

¸ŜǎΣ ǎŜǾŜǊŀƭ ŦƛǎƘŜǊƛŜǎ ŀƴŘ ŎŀǘŎƘ ŎƻƳǇƻǎƛǘƛƻƴǎ ƘŀǾŜ ŎƘŀƴƎŜŘ ŀƴŘ ƭŀǊƎŜ ǇǊŜŘŀǘƻǊǎ 

ŘŜŎƭƛƴŜŘΦ 

Å 5ƻ ǿŜ Ŏŀƭƭ ƛǘ ǎƛȊŜ ǊŜŘǳŎǘƛƻƴ ƻǊ ǘƘŜ ŜƳŜǊƎŜƴŎŜ ƻŦ ǎƳŀƭƭŜǊ ǾŀǊƛŜǘƛŜǎ ŀǎ ŀ ǎǳōǎǘƛǘǳǘƛƻƴΚ  

Lǘ ƛǎ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ōƻǘƘ ŀƴŘ ŀǘ ǘƛƳŜǎ ƛǘ ƛǎ ŜȄƛǎǘŜƴǘƛŀƭΦ  

Å Iƻǿ Ƙŀǎ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ŦƛǎƘŜǊ ƻǊ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ŦƛǎƘŜǊǎ ŀŘŀǇǘŜŘ ǘƻ ǘƘŜǎŜ ŎƘŀƴƎŜǎΚ  

{ƘƛŦǘŜŘ ǘƻ ŎŀǇƛǘŀƭ ƛƴǘŜƴǎƛǾŜ ŜŦŦƻǊǘǎ ǿƛǘƘ ǊŜŘǳŎŜŘ /t¦9 ŀƴŘ ǘƘǳǎ ŀŦŦŜŎǘƛƴƎ 

ƭƛǾŜƭƛƘƻƻŘǎΦ 

Å Lǎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƳŜŀƴǘ ǘƻ ōŜ ǎƘƻǿƛƴƎ ƘƛƎƘŜǊ ŎŀǘŎƘŜǎ ƻŦ ƳǳƭǘƛǇƭŜ ǎǇŜŎƛŜǎ ŀƴŘ ŎƘŀƴƎŜŘ 

ŎƻƳǇƻǎƛǘƛƻƴǎΚ  

bƻΣ ǎǳǎǘŀƛƴƛƴƎ ǘƘŜ ŎƻƳǇƻǎƛǘƛƻƴΣ ōŀƭŀƴŎŜ ƻŦ ƴǳƳōŜǊǎ ŀƴŘ ǘǊƻǇƘƛŎ ƭŜǾŜƭǎ ŀƴŘ ǇǊŜȅ- 

ǇǊŜŘŀǘƻǊ ǊŀǘƛƻǎΣ ǊŜǘŀƛƴƛƴƎ ǘƘŜ ǇǊƛƳŀƭ ǎǘŀǘŜǎ ƛǎΦ 

Å ²ƘŜǊŜ ŀǊŜ ǿŜ ƎƻƛƴƎ ǿƛǘƘ ǘƘŜ ŎƻƴǘƛƴǳŜŘ ƘŀǊǾŜǎǘΣ ƛƴŎǊŜŀǎŜŘ ŜŦŦƻǊǘǎ ŀƴŘ ƘǳƴƎǊȅ ƳƻǳǘƘǎΚ  

wŜŘǳŎŜŘ ŦƛǎƘ ǎǘƻŎƪǎ ŀƴŘ ŎŀǘŎƘŜǎΣ ƻǾŜǊŜȄǇƭƻƛǘŀǘƛƻƴΣ ǾŜǊȅ ƭŜǎǎ ŦƛǎƘ ǘƻ ŎŀǘŎƘ ŀƴŘ 

ŦŜŜŘΦ  

Å Lǎ ǘƘŜ ŎƻƳǇŜǘƛǘƛƻƴ ōǊƛƴƎƛƴƎ ǘƘŜ ǎǳǊǾƛǾŀƭ ƛƴǎǘƛƴŎǘǎ ƻŦ ōŜǎǘ ŜŦŦƛŎƛŜƴǘ ǘŜŎƘƴƛǉǳŜǎΣ ŦŀǎǘŜǊΣ 

ōƛƎƎŜǊ ƴŜǘǎΣ ǎƳŀƭƭŜǊ ƳŜǎƘΣ ōŜǘǘŜǊ ŜŎƘƻ ƭƻŎŀǘƻǊȅ ǎǳǇǇƻǊǘǎ ŀƴŘ ŎŀǇƛǘŀƭ ƛƴǾŜǎǘƳŜƴǘǎΦ  

¸ŜǎΣ ƳƻǊŜ ƛƴǾŜǎǘƳŜƴǘǎ ŦƻǊ ōŜǘǘŜǊ ŎŀǇǘǳǊŜ ǊŀǘŜǎ ŀƴŘ ŜŦŦƛŎƛŜƴŎƛŜǎ ŀƴŘ ǾŀƭǳŜ 

ŀŘŘƛǘƛƻƴǎΣ ōǳǘ ǊŜŘǳŎƛƴƎ ƳŀǊƎƛƴǎ ŀƴŘ ǘƘŜ ŀǊǘƛǎŀƴŀƭ ŦƛǎƘŜǊǎ ƎŜǘ ƘŀƴŘƛŎŀǇǇŜŘΦ 

Å ²Ƙŀǘ ƘŀǇǇŜƴǎ ǘƻ ǘƘŜ ƳŀǊƎƛƴŀƭƛȊŜŘ ŀƴŘ ǿŜŀƪŜǊ ŦƛǎƘŜǊ ŀƴŘ Ƴƻǎǘ ƻŦ ŀƭƭ ǘƘŜ ǎǳǊǾƛǾƛƴƎ ŦƛǎƘŜǎΚ  

LƴŎǊŜŀǎƛƴƎƭȅ ǾǳƭƴŜǊŀōƭŜΣ ŀƴŘ ǘƘŜȅ ƭƛǾŜ ƛƴ ǎǘǊŜǎǎ ŀƴŘ ƳƛǎŜǊȅΦ 
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Fig. 2. Illustration of changes in the fishing scenario in coastal waters from 1900-1960 to 2000-2020 

ōŀǎŜŘ ƻƴ ŦƛǎƘŜǊǎΩ ǇŜǊŎŜǇǘƛƻƴ 

 

 

Å IŀǾŜ ǿŜ ŎƻƳǇǊƻƳƛǎŜŘ ōƛƻŘƛǾŜǊǎƛǘȅ ŀƴŘ ŦǳǘǳǊŜ ŜŎƻƴƻƳƛŎ ƻǇǘƛƻƴǎΚ  

¸ŜǎΣ ǘƘŜ ƴƻƴ-ǎŜƭŜŎǘƛǾŜ ƎŜŀǊǎ ōǊƛƴƎ ƛƴ ǎŜǾŜǊŀƭ ƴƻƴ-ǘŀǊƎŜǘŜŘ ǎǇŜŎƛŜǎ ŀƴŘ ƛƴ 

ƳǳƭǘƛǘǳŘŜǎ ǘƘƛǎ Ƙŀǎ ŀƭǘŜǊŜŘ ǘƘŜ ŜŎƻǎȅǎǘŜƳ ŀƴŘ Ƙŀōƛǘŀǘ ŦǳƴŎǘƛƻƴƛƴƎ ŀƴŘ ǘƘǳǎ ǘƘŜ 

ōŀƭŀƴŎŜ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜ ǿƛǘƘƛƴ ŀǊŜ ǎƘŀƪŜƴΦ 

Å ²ƻǳƭŘ ǘƘŜ ŦƻƻŘ ŦƛǎƘ ŘŜŦƛŎƛǘ ŀƴŘ ƘƛƎƘ ǇǊƛŎŜǎ ƭŜŀŘ ǘƻ ƭƻƴƎ ǘŜǊƳ ƭƻŎŀƭ ƻǾŜǊ ŜȄǇƭƻƛǘŀǘƛƻƴΚ  

Ş̂ǎΣ ƻƴƭȅ ǘƻ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ ŜŎƻƴƻƳƛŎ ŦŜŀǎƛōƛƭƛǘȅΦ 

Å 5ƻŜǎ ŀƭƭ ǘƘŜǎŜ ƭŜŀŘ ǘƻ ǘƘŜ ƭŀǎǘ ǊŜǎƻǊǘ ƻŦ ǘƘŜ ƭŀƴŘƭŜǎǎ ǇƻƻǊ όtŀǳƭȅ мффпύ 

¸Ŝǎ  

Å ²Ƙȅ Řƻ ǿŜ ƴŜŜŘ ŀǊǘƛŦƛŎƛŀƭ ǊŜŜŦǎΚ  

²Ŝ ƴŜŜŘ ƳƻǊŜ ŦƛǎƘ ƘŀōƛǘŀǘǎΣ ǿƘƛŎƘ ŀǊŜ ƭƻǎǘΣ ǊŜǎǘƻǊŜ ǘƘŜ ōŀƭŀƴŎŜ ƻŦ ŦƛǎƘ ŘƛǾŜǊǎƛǘȅΣ 

ǇƻǇǳƭŀǘƛƻƴǎΣ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ǊŜǾƛǾŜ ŦƛǎƘƛƴƎ ŀƴŘ ƛƴŎǊŜŀǎŜ ŦƛǎƘ ǊŜǎƛƭƛŜƴŎŜ ǘƻǿŀǊŘǎ 

ƛƴŎǊŜŀǎƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ 
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Fig. 3. Fishing boats used at Kovalam, Tamil Nadu and Sassoon Dock, Mumbai and hooks used in 

hook & line fishery in Mumbai  

 

Artificial Reefs 

Artificial reefs are structures set on the sea bed to enhance the growth of marine floral and 

faunal benthic communities which simulate natural settings for promoting fish aggregations 

in terms of attracting migrant populations for breeding/feeding opportunities and also 

provide the base for the propagation of resident populations within sheltered structures. 

Artificial reefs promote habitat recovery/enhancement and boost aquatic biota. !ǊǘƛŦƛŎƛŀƭ 

ǊŜŜŦǎ ŀǊŜ ǎǳōƳŜǊƎŜŘ όƻǊ ǇŀǊǘƭȅ ŜȄǇƻǎŜŘ ǘƻ ǘƛŘŜǎύ ǎǘǊǳŎǘǳǊŜǎ ŘŜƭƛōŜǊŀǘŜƭȅ ǇƭŀŎŜŘ ƻƴ ǘƘŜ 

ǎŜŀōŜŘ ǘƻ ƳƛƳƛŎ ǎƻƳŜ ŦǳƴŎǘƛƻƴǎ ƻŦ ŀ ƴŀǘǳǊŀƭ ǊŜŜŦΣ ǎǳŎƘ ŀǎ ǇǊƻǘŜŎǘƛƴƎΣ ǊŜƎŜƴŜǊŀǘƛƴƎΣ 

ŎƻƴŎŜƴǘǊŀǘƛƴƎ ŀƴŘκƻǊ ŜƴƘŀƴŎƛƴƎ ǇƻǇǳƭŀǘƛƻƴǎ ƻŦ ƭƛǾƛƴƎ ƳŀǊƛƴŜ ǊŜǎƻǳǊŎŜǎΦ ¢Ƙƛǎ ƛƴŎƭǳŘŜǎ ǘƘŜ 

ǇǊƻǘŜŎǘƛƻƴ ŀƴŘ ǊŜƎŜƴŜǊŀǘƛƻƴ ƻŦ ƘŀōƛǘŀǘǎΦ ¢ƘŜȅ ǎŜǊǾŜ ŀǎ Ƙŀōƛǘŀǘǎ ǘƘŀǘ ŦǳƴŎǘƛƻƴ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ 

ƴŀǘǳǊŀƭ ŜŎƻǎȅǎǘŜƳ ǿƘƛƭŜ ŘƻƛƴƎ άƴƻ ƘŀǊƳΦέ  

There is often a misunderstanding on the use of Fish Aggregating Devices (FAD)/Artificial 

Fish Habitats (AFH) and Artificial Reefs (AR). While FADs and AFHs are temporary aids to 

aggregate certain varieties or species mostly in surface or mid-water realms, ARs are more 

long-term habitat reconstruction programs to protect, produce and process a near similar 

natural reef like faunistic community built up and sustain it for several years. 
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Fish Aggregating Devices are structures or devices deployed in aquatic bodies to lure fish. 

They may be permanent, semi-permanent or temporary, made of natural or artificial 

materials. The practice of deploying FADs is rooted in the general knowledge of the 

tendency of fishes to aggregate under or in the vicinity of floating objects. These devices 

have been in use for over thousands of years. The earliest known FADs were driftwood, 

branches of trees and palm fronds etc.  

While FADs provide an easy means of attracting fish towards easy exploitation, the 

deployment and proliferation of FADs have influenced harvesting practices and become the 

concern of fisheries managers (FAO, 2015). FADs increase the chances of selective fishing 

from spawning aggregations or juvenile aggregations, causing an eventual recruitment 

overfishing or growth overfishing. Sasikumar et al. (2015) report that the extensive use of 

FADs for cuttlefish fishing along the Karnataka coast has led to recruitment overfishing of 

the species in the eastern Arabian Sea, with a reduction in the number of recruits from 93.2 

million in 2008 to 35.6 million in 2013. The use of synthetic non-biodegradable material in 

place of natural plant materials adds to the load of marine debris and pollution in the 

coastal waters.  

 

  

Fig. 4. Traditional fish aggregating devices using coconut fronds, palm leaves, Thespesia spp. and 

Acacia nilotica tree branches, granite stones, etc.  

 

In coastal marine ecosystems, ARs offer a platform for coral populations and increase the 

abundance of reef-dependant biota, including fishery resources. Their primary action being 

on the potential recovery of natural reef habitats that have been, or are on the verge of 

being affected by a collage of natural and anthropogenic events, artificial reefs can also 

prove to be a means of expanding favourable habitats through the deployment of coral-

implanted reefs. The advantage of this would be developing fishing grounds close to shore, 

easily accessible to traditional and non-destructive fishing methods.  
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!ǊǘƛŦƛŎƛŀƭ ǊŜŜŦǎ ŜȄŎƭǳŘŜ C!5ǎΣ ŀǊǘƛŦƛŎƛŀƭ ƛǎƭŀƴŘǎΣ ŎŀōƭŜǎΣ ǇƛǇŜƭƛƴŜǎΣ ǇƭŀǘŦƻǊƳǎΣ ƳƻƻǊƛƴƎΣ ŀƴŘ 

ǎǘǊǳŎǘǳǊŜǎ ŦƻǊ Ŏƻŀǎǘŀƭ ŘŜŦŜƴŎŜ όŜƎΦ ōǊŜŀƪǿŀǘŜǊǎΣ ŘƛƪŜǎΣ ŜǘŎΦύ ǿƘƛŎƘ ŀǊŜ ǇǊƛƳŀǊƛƭȅ ŎƻƴǎǘǊǳŎǘŜŘ 

ŦƻǊ ƻǘƘŜǊ ǇǳǊǇƻǎŜǎΦ Artificial reefs are management tools, which if applied in the right 

perspective, can prove to be great promoters of habitat recovery and enhancement and 

aquatic biota population boosters. !ǊǘƛŦƛŎƛŀƭ ǊŜŜŦ ǘŜŎƘƴƻƭƻƎȅ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ǿƛŘŜƭȅ ŀŎǊƻǎǎ ǘƘŜ 

ƎƭƻōŜ ŦƻǊ ōƻǘƘ Ƙŀōƛǘŀǘ ŀƴŘ ŜŎƻǎȅǎǘŜƳ ŜƴƘŀƴŎŜƳŜƴǘ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ŦƛǎƘŜǊȅ ŜƴƘŀƴŎŜƳŜƴǘΦ  

Advantages of an Artificial Reef 

Artificial reefs provide suitable shelter for several groups of reef dependant fishes, 

particularly those that aggregate in such habitats for breeding. These structures easily 

attract smaller organisms which are vital sources of food for different marine species. They 

also serve as visual reference points for fish that forage away from the reef. A major 

advantage of fishery development through artificial reefs would be the reduction in scouting 

time and fuel consumption necessary for the fishermen to locate fish gatherings. These 

reefs, if properly constructed and properly buoyed, can be used to enhance existing rough 

bottom habitats and develop quality fishing grounds close to access areas. A well-planned 

and constructed reef is a mutually beneficial enterprise for both fish and man. The 

construction of a reef or fish haven can change a barren, relatively unproductive substrate 

into a dynamic, highly productive environment. Increasing the amount of rough bottom 

habitat provides immediate shelter and subsequent food for a complex of organisms which 

may have been otherwise lost in the process of its struggle for existence.  

 

¢ȅǇŜǎ ƻŦ ǊŜŜŦǎΥ 

tǊƻǘŜŎǘƛƻƴΥ .ŜŀŎƘ ŀƴŘ ǎƘƻǊŜƭƛƴŜ ǇǊƻǘŜŎǘƛƻƴ ǎǘǊǳŎǘǳǊŜǎ ŀǎǎŜƳōƭŜŘ ƛƴ ǘƘŜ ǎŜŀ ōŜŘ ǘƻ ǎǘŀƭƭ ǘƘŜ 

ǿŀǾŜ ǎǿŜƭƭǎ ŀƴŘ ǊŜŘǳŎŜ ǘƘŜ ƛƳǇŀŎǘǎ ƻƴ ǘƘŜ ǎŜŀ ǎƘƻǊŜΦ 

/ƻƴǎŜǊǾŀǘƛƻƴκǎŀƴŎǘǳŀǊȅΥ /ǊŜŀǘŜ Ƙŀōƛǘŀǘǎ ŀƴŘ ǊŜǎŜǊǾŜǎ ŦƻǊ ǘƘŜ ǎŜǘǘƭŜƳŜƴǘ ƻŦ ǎŜƭŜŎǘ ǎǇŜŎƛŜǎ ƻǊ 

ǊŀƴŎƘƛƴƎ ǎŜƭŜŎǘ ǎǇŜŎƛŜǎ ŀƴŘ ŘŜǾŜƭƻǇ ǎŜǘǘƭŜƳŜƴǘ ŎƻƭƻƴƛŜǎΦ 

tǊƻŘǳŎǘƛƻƴΥ aǳƭǘƛƳƻŘǳƭŜ ŀǎǎŜƳōƭȅ ƻŦ ǊŜŜŦǎ ōǳƛƭǘ ŦƻǊ ǘƘŜ ǎŜǘǘƭŜƳŜƴǘΣ ŀƎƎǊŜƎŀǘƛƻƴ ŀƴŘ 

ƳǳƭǘƛǇƭƛŎŀǘƛƻƴ ŀƴŘ ŦƛǎƘŜǊȅ ǎǳǎǘŜƴŀƴŎŜ ŀƴŘ ŦƛǎƘŜǊ ƭƛǾŜƭƛƘƻƻŘǎΦ 

wŜŎǊŜŀǘƛƻƴΥ aƻŘǳƭŜǎ ŀƴŘ ŘŜǇƭƻȅƳŜƴǘǎ ŘŜǎƛƎƴŜŘ ŦƻǊ ŦƛǎƘ ŀǎǎŜƳōƭŀƎŜǎ ŦƻǊ ǘƘŜ {/¦.! ŀƴŘ 

ŘƛǾƛƴƎ ŜƴǘƘǳǎƛŀǎǘǎ ŀƴŘ ǇǊƻƳƻǘŜ ŜŎƻǘƻǳǊƛǎƳΦ 

.ǊŜŜŘƛƴƎ ŀƴŘ ƴǳǊǎƛƴƎ κǊŀƴŎƘƛƴƎΥ {ǇŜŎƛŀƭƭȅ ŘŜǎƛƎƴŜŘ ǊŜŜŦ ƳƻŘǳƭŜǎ ŦƻǊ ǘƘŜ ƧǳǾŜƴƛƭŜǎ ŀƴŘ ǎŜŜŘ 

ƘƻƭŘƛƴƎ ŀƴŘ ƴǳǊǎƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘΣ ǘƻ ǇǊƻƳƻǘŜ ǎǘƻŎƪƛƴƎ ŀƴŘ ǇƻǇǳƭŀǘƛƻƴ ǊŜǾƛǾŀƭΦ 

CƛǎƘŜǊȅ ŀƴŘ ƭƛǾŜƭƛƘƻƻŘΥ [ƻǿ ǎŎŀƭŜ ǎƘƻǊǘ-ǘŜǊƳ ǊŜŜŦ ƛƴǎǘŀƭƭŀǘƛƻƴǎ ǿƛǘƘ ǎƛƳǇƭŜ ƳƻŘŜƭǎ ŀƴŘ ŦŜǿŜǊ 

ƴǳƳōŜǊǎ ǿƛǘƘ ŘƛǾŜǊǎƛŦƛŜŘ ŀƴŘ ƴŀǘǳǊŀƭ ǎǘǊǳŎǘǳǊŜǎΦ 

/ǊŜŀǘƛƻƴ ƻŦ ŀǊǘƛŦƛŎƛŀƭ ǎŜŀ ƳƻǳƴǘǎΥ /ǊŜŀǘƛƻƴ ƻŦ ƭŀǊƎŜ ǇƛƭŜǎ ŀƴŘ ŘǳƳǇǎ ǎǇŜŎƛŀƭƭȅ ŘŜǎƛƎƴŜŘΣ ǘƻ 

ƳŀƪŜ ŀǊǘƛŦƛŎƛŀƭ Ƴƻǳƴǘǎ ƻǊ ǎǘǊǳŎǘǳǊŜǎ ǘƻ ŎǊŜŀǘŜ ŜŘŘƛŜǎ ŀƴŘ ŜƴǊƛŎƘƳŜƴǘǎ ƛƴ ǘƘŜ ŎƻƭǳƳƴŀǊ 

ǊŜƎƛƻƴΦ ¢ƘŜǎŜ ŀǊŜ ƴƻǊƳŀƭƭȅ ǾŜǊȅ ǘŀƭƭ ǎǘǊǳŎǘǳǊŜǎ ŘŜǇƭƻȅŜŘ ƻƴ ǘƘŜ ŎƻƴǘƛƴŜƴǘŀƭ ǎƘŜƭŦ ŀǘ ƎǊŜŀǘŜǊ 

ŘŜǇǘƘǎΦ 

¦ǇǿŜƭƭƛƴƎ ǊŜŜŦǎ ŦƻǊ ƴǳǘǊƛŜƴǘ ƳƛȄƛƴƎΥ LƴǘǊƻŘǳŎƛƴƎ ǿŀƭƭ-ƭƛƪŜ ǎǘǊǳŎǘǳǊŜǎ ƻƴ ǘƘŜ ǎŜŀ ōŜŘ ŀǘ ǘƘŜ 

ǿŀǾŜ-ōǊŜŀƪƛƴƎ ȊƻƴŜǎ ǘƻ ƛƴŘǳŎŜ ŀ ǎƘƛŦǘ ƻŦ ǎŜŘŜƴǘŀǊȅ ƴǳǘǊƛŜƴǘ ƳƛȄǘǳǊŜǎ ǘƻ ǘƘŜ ǎǳǊŦŀŎŜ ŀƴŘ 
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ǿŀǘŜǊ ŎƻƭǳƳƴ ǘƘǳǎ ǇǊƻǾƛŘƛƴƎ ōŀǎŜ ŀƴŘ ǎǳǇǇƭŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ƎǊƻǿǘƘ ŀƴŘ ƳǳƭǘƛǇƭƛŎŀǘƛƻƴ ƻŦ 

ǇǊƛƳŀǊȅ ŀƴŘ ǎŜŎƻƴŘŀǊȅ ǇǊƻŘǳŎŜǊǎΦ 

/ǊŜŀǘƛƻƴ ƻŦ ŎǳǊǊŜƴǘ ǎƘŀŘƻǿǎκǿŀƪŜ ǊŜƎƛƻƴΥ 5ŜǾŜƭƻǇƛƴƎ ǎǇŜŎƛŦƛŎŀƭƭȅ ŘŜǎƛƎƴŜŘ ƳƻŘǳƭŜǎ ǘƻ ōŜ 

ŘŜǇƭƻȅŜŘ ƛƴ ŀǊŜŀǎ ǿƛǘƘ ƳƻǊŜ ǎŜŀ ŎǳǊǊŜƴǘǎ ŀƴŘ Ŧƭƻǿ ǎǇŜŜŘǎΦ !ǎǎŜƳōƭȅ ƻŦ ǘƘŜ ƳƻŘǳƭŜǎ ƛǎ 

ǎǳƛǘŜŘ ǘƻ ŎǊŜŀǘŜ ƳƻǊŜ ŎǳǊǊŜƴǘ ǎƘŀŘƻǿǎ ŀƴŘ ǿŀƪŜ ǊŜƎƛƻƴǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ Ŧƭƻǿ ŘƛǊŜŎǘƛƻƴǎΣ 

ǿƘƛŎƘ Ŏŀƴ ǎǳǇǇƻǊǘ Ǉƭŀƴƪǘƻƴ ŎƻƭƻƴƛŜǎΦ 

aǳƭǘƛǇƭŜ ǇǳǊǇƻǎŜǎΥ ! ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ƳƻŘǳƭŜǎ ŀƛƳŜŘ ǘƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǇǊƻŘǳŎǘƛƻƴΣ 

ŎƻƴǎŜǊǾŀǘƛƻƴΣ ǊŜŎǊŜŀǘƛƻƴΣ ƻǊ ƻǘƘŜǊ ŦǳƴŎǘƛƻƴǎ ŀǎ ƛǎ ŘŜǎƛǊŜŘΦ 
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d. 

 

 
e. 

 

 
f.  

Fig. 5. Artificial reefs deployed for various purposes ς [a] ARs for protection [b] ARs in a Marine 

Protected Area (MPA) [c] ARs for recreation and tourism [d] ARs forming seamounts or cones 

[e] ARs reefs for upwelling [f] ARs forming shadow/wake regions  
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Artificial reef R&D and deployment in India 

Since its inception in 1947, the Central Marine Fisheries Research Institute (ICAR-CMFRI), 

has been working on marine living resources, fisheries, sustainability, fisher census and 

livelihood, mariculture and marine environment. The Institute has produced several 

methodologies, technologies, products, research findings and publications in these 

directions.  

Over the years, in the coastal states of Tamil Nadu, Gujarat and Maharashtra and many 

similar states where the commercial fishery has been predominantly supported by large 

predator fish communities and demersal fish species, increasing fishing intensity particularly 

focussed on large demersal groups has resulted in a continuous decline of these resources 

and the emergence of smaller fishes. Eventually, there has been a transition in the 

dependence of coastal fisheries from larger fishes to smaller ones, causing irreparable 

changes in the community structure and ecosystem functioning. The increasing pressure on 

the available fish stocks, anthropogenic inputs, climate change-related stress and increasing 

sea food demand and nutritional requirement has only aggravated the marine fisheries 

scenario with increasing pressure on the critical habitats and fisher livelihoods.    

Since 1980, ICAR-CMFRI has been working on habitat enhancement and improvement of 

coastal productivity and livelihoods, through FADs, artificial reefs and fish stock revival and 

restorations. Initially, ǎŜǾŜǊŀƭ bDhΩǎ ǿƻǊƪƛƴƎ in the fisheries sector like the South Indian 

Federation of Fishermen Societies (SIFFS), Programme for Community Organization (PCO), 

Trivandrum, Loyola Social Service Center, Trivandrum, Murugappa Chettiar Research Centre 

(MCRC), Chennai and Centre of Research on New International Economic Order (CRENIO, 

Chennai) were responsible for mobilising fishermen and launching ARs in a few fishing 

villages in the south-west and south-east coasts of India. CMFRI initiated R&D works on 

artificial reefs in the 1990s. An experimental deployment was conducted in Minicoy, 

Lakshadweep and Tuticorin during the early 19флΩǎ ōȅ CMFRI. A National Workshop on 

Artificial reef building technology and farming was conducted at the Trainers Training centre 

(TTC) at CMFRI, Kochi in 1996. 

Two reefs were deployed off Vizhinjam in 1997 by ICAR-CMFRI. Subsequently deployments 

were conducted with funding support from the Department of Fisheries, Government of 

Kerala, during the 1999-2003 in Poovar in Trivandrum, Dharmadom in Kannur, Moodady in 

Kozhikode, Thikkody in Kozhikode, and Muttom in Kannur districts, covering an area of 

nearly 50,000 sq. m. Different AR structures deployed in the coastal waters south of Chennai 

in the 2000s demonstrated the potential role of AR in resource enhancement and increased 

economic benefits. Catches from the deployed sites comprised of high-quality fishes, 

fetching fishermen better economic returns per unit effort (Vivekanandan et al., 2006). 

¢ŀƳƛƭ bŀŘǳ ƘŀǎΣ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ōŜŎƻƳŜ ŀ ƳŀƧƻǊ ǇƭŀȅŜǊ ƛƴ ǘƘŜ ǇǊŀŎǘƛŎŜ ƻŦ ŀǊǘƛŦƛŎƛŀƭ ǊŜŜŦ 

ŘŜǇƭƻȅƳŜƴǘ ƛƴ Ŏƻŀǎǘŀƭ ǿŀǘŜǊǎΣ ǳƴŘŜǊ ǘŜŎƘƴƛŎŀƭ ƎǳƛŘŀƴŎŜ ŦǊƻƳ /aCwLΦ Since 2006, the 

Department of Fisheries, Government of Tamil Nadu, has deployed artificial reefs in 125 

coastal sites spread across 10 districts along the Tamil Nadu coast, with technical assistance 

from Madras Regional Station of CMFRI, Chennai. Since 2011, the IFAD-assisted Post 
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Tsunami Sustainable Livelihoods Programme (PTSLP) of Tamil Nadu Corporation for 

Development of Women (TNCDW), Government of Tamil Nadu, has also come forward to 

deploy artificial reefs along the Tamil Nadu coast, with 18 sites completed by CMFRI and 42 

sites done by the National Institute of Ocean Technology (NIOT). Other NGOs and agencies 

have together deployed artificial reefs in another 22 sites in Tamil Nadu during 2000-2020. 

CMFRI, in association with NTPC (CSR funding) and State Fisheries Department, deployed 

artificial reefs at Mutyalammapalem village in Visakhapatnam District Andhra Pradesh. A 

total of 210 (70 each 3 models) AR modules covering an area of 1000 m2 were deployed (at 

15 m depth) along the Mutyalammapalem coast of Andhra Pradesh in May 2015.The total 

area covered by 210 units is 1000 m2 with a surface area of 2781.8 m2. CMFRI has also 

undertaken !ǊǘƛŦƛŎƛŀƭ ŦƛǎƘ Ƙŀōƛǘŀǘ-ōŀǎŜŘ ƳŀǊƛƴŜ ŜŎƻǎȅǎǘŜƳ ǊŜǎǘƻǊŀǘƛƻƴ ƛƴ ǘƘŜ ƛƴǎƘƻǊŜ ŀǊŜŀǎ 

ƻŦŦ .ƘŀŘǊŜǎǿŀǊΣ YǳǘŎƘ 5ƛǎǘǊƛŎǘΣ DǳƧŀǊŀǘ ƻƴ ŎƻƴǎǳƭǘŀƴŎȅ ƳƻŘŜ ŦƻǊ !ƎǊƛŎǳƭǘǳǊŜΣ CŀǊƳŜǊǎ 

²ŜƭŦŀǊŜ ŀƴŘ /ƻ-ƻǇŜǊŀǘƛƻƴ 5ŜǇŀǊǘƳŜƴǘΣ DƻǾŜǊƴƳŜƴǘ ƻŦ DǳƧŀǊŀǘΣ ǿƛǘƘ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ннр 

ǊŜŜŦ ƳƻŘǳƭŜǎ ƛƴ мн ŎƭǳǎǘŜǊǎ ƻŦŦ .ƘŀŘǊŜǎǿŀǊΦ 

CMFRI has also been conducting studies to assess the state of maturation of artificial reefs 

deployed at different sites along the Tamil Nadu coast, and collect information to assess the 

impact of artificial reefs on the natural habitat and its biodiversity. The team at the Madras 

Regional Station is conducting focused research and monitoring and evaluating the works on 

the development of suitable reef designs, structures and densities in the promotion of 

habitat formation in the near coast, for the past two decades in Tamil Nadu. Several 

patterns, materials and sites have been studied and site-specific programmes have evolved. 

Recently, the Institute was awarded patent rights for Patent 197/CHE/2012. 

 

 

Fig. 6. An artistΩs view on the production cum conservation impacts from a small habitat restored 

on the sea floor   
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Global practices in artificial reefs 

Shoba Joe Kizhakudan, Joe K Kizhakudan and Remya L. 

 

Global strides in artificial reef R&D and deployment  

Historically, ƛǘ ǿŀǎ ǿŜƭƭ ǳƴŘŜǊǎǘƻƻŘ ōȅ ǘƘŜ Ŏƻŀǎǘŀƭ ŎƻƳƳǳƴƛǘƛŜǎ ŀƴŘ ŦƛǎƘŜǊΩǎ ǿƻǊƭŘ ƻǾŜǊ ǘƘŀǘ 

the rock patches, sunken ships and vessels and submerged coastal dwellings and reefs 

supported more life in the coastal waters, and they supported good fisheries. The floating 

tree trunks, leaves, floating islands in flash floods carried huge sheltering populations of 

fishes and fauna. The traditional fishers of Kerala and Tamil Nadu in India deployed huge 

palm trees and thick bushy trees with foliage as anchors in the sea bottom with boulders 

and sandbags which harboured larger predatory fishes and thus improving catch rates and 

returns.  

The first artificial reefs were inadvertently created in the Mediterranean Sea in the 1500s, 

when rocks used to anchor tuna fishing nets left on the seabed at the end of each fishing 

season accumulated over time and created new rocky habitats, inhabited by fish which were 

subsequently exploited by local fishermen between the tuna fishing seasons (Riggio et al., 

2000). Similar practices were employed by artisanal fishermen across the world (Simard, 

1995). The modern concept of "artificial reef" evolved in Japan in the 20th century after 

World War II, and was adopted in the Mediterranean Sea in the second half of 1900s. 

The Japanese are the world leaders in artificial reef technology for commercial fishery 

enhancement and have been creating artificial reefs since the 18thcentury; the materials 

used are of high quality like concrete, steel and glass-reinforced plastic. In the USA, the 

artificial reef programs of many maritime states are run for the benefit of recreational 

sports fishing, (SCUBA) diving, commercial fishing, waste disposal, and environmental 

mitigation; the materials used are mostly waste, including concrete, rock, construction 

rubble, scrap tires, cars, railway carriages and ships. Only Japan and the USA have a national 

development plan. Malaysia and the Philippines use waste tires to build many of their 

artificial reefs. The central Visayan Islands of the Philippines have been known to use 1600 

pyramid bamboo modules.  Australian reefs have been built from materials of opportunity 

such as tires and redundant ships; these reefs are used primarily as a focus for recreational 

angling, and SCUBA diving. In Taiwan, many fishing vessels (made obsolete by government 

policy to reduce the size of the fishing fleet) were sunk to provide new habitats. 

In Europe, artificial reefs were pƛƻƴŜŜǊŜŘ ŀƭƻƴƎ ǘƘŜ aŜŘƛǘŜǊǊŀƴŜŀƴ Ŏƻŀǎǘ ƛƴ ǘƘŜ ƭŀǘŜ мфслΩǎΦ 

At present, most reefs are still associated with scientific research. 

Italy, France, and Spain have been the most active reef-building countries since 

1970. Spain is placing more artificial reefs into its coastal waters than other EU countries. In 
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1991, Italian artificial reef scientists for the first time formed an inter-European reef group 

to encourage liaison between research groups and other associations of the Mediterranean.  

The main purposes of these deployments were to enhance fisheries and improve fisheries 

management. The increasing interest in artificial reefs has given rise to the organising of the 

first International Conference on Artificial Reef and Related Aquatic Habitats in Texas, USA 

in 1974, and subsequently in Brisbane, Australia (1977), California (1983), Florida (1987), 

California (1991), Tokyo, Japan (1995), San Remo (1999), Mississippi (2005), Curitiba (2009), 

Turkey (2013), and Malaysia (2017). Several management guidelines have been developed 

over the last twenty years to support managers and scientists in the placement of artificial 

reefs in the European seas (OSPAR, 1999; UNEP-MAP, 2005; London Convention and 

Protocol/UNEP, 2009; OSPAR, 2009). The London Convention 1972, UNCLOS and Basel 

Convention 1989, Mediterranean Action Plan and the Barcelona Convention 1995 lead to 

the development of gǳƛŘŜƭƛƴŜǎ ŦƻǊ ǘƘŜ ǇƭŀŎŜƳŜƴǘ ƻŦ ƳŀǘŜǊƛŀƭǎ ŀǘ ǎŜŀ ƻǘƘŜǊ ǘƘŀƴ ŦƻǊ ƳŜǊŜ 

ŘƛǎǇƻǎŀƭ όŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ŀǊǘƛŦƛŎƛŀƭ ǊŜŜŦǎύ ό¦b9t-a!tΣ нллрΣ нллфύΦ Lƴ нллсΣ ǘƘŜ tǊƻǘƻŎƻƭ 

ŜƴǘŜǊŜŘ ƛƴǘƻ ŜƴŦƻǊŎŜƳŜƴǘΦ Lƴ нллу ǎǇŜŎƛŦƛŎ ƎǳƛŘŜƭƛƴŜǎ ŦƻǊ ǘƘŜ ǇƭŀŎŜƳŜƴǘ ƻŦ ŀǊǘƛŦƛŎƛŀƭ ǊŜŜŦǎ 

ǿŜǊŜ ǿƛǘƘƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ [ƻƴŘƻƴ /ƻƴǾŜƴǘƛƻƴ ŀƴŘ tǊƻǘƻŎƻƭ ό[ƻƴŘƻƴ /ƻƴǾŜƴǘƛƻƴ ŀƴŘ 

tǊƻǘƻŎƻƭκ¦b9t нллфύΦ No placement of matter in the maritime area for a purpose other 

than that for which it was originally designed or constructed shall take place without 

authorisation or regulation by the competent authority of the relevant Contracting Party. 

h{t!w-όhΩ{ǳƭƭƛǾŀƴΣ нлмуύΦ  

In 2009, FAO General Fisheries Commission for the Mediterranean (GFCM) initiated a 

debate on the use of artificial reefs in the Mediterranean and Black Seas, especially to 

enhance and manage fisheries and fishing resources (GFCM, 2010). This issue has been 

addressed during the annual meetings of the Sub-Committee on the Marine Environment 

and Ecosystem (SCMEE) that led to an ad hoc workshop in January 2011 (GFCM, 2011, 2012) 

for developing the guidelines and management practices for artificial reef siting, use, 

construction, and anchoring in Southeast Florida (Lindberg and Seaman, 2011). These 

guidelines provide resource users, managers and planners with essential information and 

guidance on the most effective methods for enhancing and protecting natural resources as 

well as improving fisheries and aquaculture opportunities.  

The objectives of these guidelines were: 

1) to update the information reported in the previously prepared guidelines;  

2) to assist the countries in the planning and deployment of artificial reefs based on 

scientific criteria;  

3) to avoid pollution or degradation of the aquatic ecosystem due to the deployment of 

unsuitable materials as well as the dumping of waste; 

4) to prevent negative impacts due to the deployment of artificial reefs;  

5) to provide information on the different scopes and types of artificial reefs, as well as 

on their potential effects;  
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6) to provide technical information on the deployment, monitoring, ongoing 

management and socio-economic effects of artificial reefs.  

7) To provide actual biological advantages in biodiversity improvement, recruitment and 

fisheries  

8) To extend coastal protection against sea bottom surges and swells  

9) To provide alternative livelihood options for coastal traditional fishers  

10) To extend habitat restoration, reproductive refugia, nursery grounds and protected 

areas under vulnerable or threatened stages. 

11) To extend impetus to sustainability in fishing and improve fisheries governance. 

 

European Programs in the Mediterranean Sea: The Mediterranean region is one of the 

ǿƻǊƭŘΩǎ ǊƛŎƘŜǎǘ ōƛƻŘƛǾŜǊǎƛǘȅ ǎǇƻǘǎ ƘƻǎǘƛƴƎ тΦр҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŀƴƛƳŀƭ ǘŀȄŀ ƻŦ ǿƘƛŎƘ ƴŜŀǊƭȅ 

28% of them are endemic. Nearly 150 million people live bordering these coastal regions 

and areas. Historically, the practice of deploying reefs could be dated back to 3000 years in 

some of the Mediterranean countries. The more recent European Programs in the 

Mediterranean Sea in countries like Cyprus, France, Greece, Israel, Italy, Spain, Tunisia, 

Malta, Monaco, and Turkey introduced over the past 50 years were aimed at promoting 

small-scale fisheries using gill nets, trammels, and traps (Bombace et al., 2000; Pelini et al., 

2008; Gianna Fabi et al., 2011) and to deter illegal trawling in coastal areas and other 

sensitive habitats. As multiple countries are involved in the area, conflict and resolutions led 

to the evolution of legal frameworks and protocols in the programs. In Monaco, growing 

corals was the objective while in Malta it was diving. In France alone, nearly 90,000 m3 of 

artificial reefs (concrete) have been deployed in 20 sites. Since 2000, ten reefs (concrete) 

have been developed around the islands of Greece, each covering 8-10 sq.km. Israel 

deployed reefs basically to promote professional fisheries and recreational activities. Italy 

has the program developed in over 70 sites with protection, production and a combination 

purpose to impede trawling as a primary objective. Spain is the leader in the group with 

over мло ǎƛǘŜǎ ŎƻƳǇƭŜǘŜŘ ŦƻƭƭƻǿƛƴƎ άaŜǘƘƻŘƻƭƻƎƛŎŀƭ ƎǳƛŘŜƭƛƴŜǎ ŦƻǊ !ǊǘƛŦƛŎƛŀƭ wŜŜŦǎ 

tƭŀŎŜƳŜƴǘǎέ - protection, production and impeding trawling. Tunisia developed programs 

with the support of the JICA funds for impeding trawling and protecting sea grass beds. 

Sustainability of Artisanal fisheries in Portugal in the Gibraltar Strait: The Portuguese 

Fisheries and Marine Science Lab - IPIMAR deployed artificial reefs in the Southern Portugal-

Algarve. Initially, they were deployed for protection in 1990 with tall structures and later 

production reef modules in smaller sizes were introduced. Nearly 21,500 units in 45 sq.km 

ǿƛǘƘ ŀƴ ŀǊŜŀ ƻŦ ƛƴŦƭǳŜƴŎŜ ƻŦ тл ǎǉ ƪƳΦ 5ǳǊƛƴƎ ǘƘŜ мфулΩǎ ǘƘŜ ŦƛǎƘƛƴƎ ŦƭŜŜǘǎ ƘŀŘ ŘǊŀǎǘƛŎŀƭƭȅ 

reduced by 50% and since the introduction of artificial reefs, traditional fishing and 

livelihoods were revived. This is perhaps the largest reef deployed in Europe - 8.2 km long 

and 1.5 km wide. The fish production from the region rose continuously for 15 years.  

Mexico -Yucatan Peninsula started artificial reef programs in the seventies with sunken 

ships and then barrages. Later in Campeche in 1985, modules for fish production were 
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introduced. The fish production rates increased by 10 folds and the species abundance 

improved from 23 to 49 species.  

The Japanese experience: The initial deployments using stones in 1952 saw improved 

aggregations and ease of fishing in littoral and intertidal zones. In 1974 the Coastal Fishing 

Ground Improvement and Development Law was introduced and by 2001 they had covered 

20,000 sites of deployments with a variety of objectives, which include protection, 

conservation, production, seaweeds, nursery, littoral marine species, breeding, aquaculture, 

upwelling, ranching. 

Artificial reefs in Virginia Beach, USA: In a recent turn of events, the Chesapeake Bay 

Foundation was ordered in July 2022, to remove all artificial reef materials from several sites 

in the Lynnhaven River in Virginia Beach after the reefs were found with prohibited items, 

such as asphalt and metal wire, sticking out of the water, when the Virginia Marine 

Resource Commission found that the materials used were in substantial violation of state 

code. This incident exemplifies the need for caution in the use of the right materials for reef 

construction, and the need to ascertain that the artificial reef will not have any negative 

impacts on the ecosystem it is placed in.  

 
Fig.7.  Types of reefs deployed in different countries for different purposes. 

 

 
Fig.8. CARAH conferences around the world on Artificial reefs and Related Aquatic Habitats 
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Design, fabrication, and testing of artificial reef modules 

Joe K Kizhakudan, Shoba Joe Kizhakudan, Remya L and Senapathi P. 

 

 

Artificial reefs were earlier thought to be a disposal end to waste materials such as cars, boats, 

aeroplanes, tanks, tires, appliances, oil rigs, and demolition articles. It is often much cheaper to 

just dump these materials in the ocean than dispose of them in a landfill. Many of the reef 

structures built in the early 19ллΩǎ ǿŜǊŜ ǇǊƻōŀōƭȅ ŘǳƳǇs to get rid of unsightly scrap materials. 

Then the concern among scientists increased when they realised that substances from these 

surplus materials might contribute to ocean pollution and destroy natural fish habitats. 

Materials used to make artificial reefs must be thoroughly cleaned to eliminate pollutants. They 

also have to be heavy enough not to be moved during storms and be made out of materials 

that will not corrode and collapse.  

Building an artificial reef  

The two major conditions that need to be satisfied before embarking on the establishment of 

artificial reefs along a coastal stretch are ς (i) suitability of the site and (ii) suitability of the reef 

structure, both design, material, and mounting. Compromise in any of these conditions would 

result in a reversal of the favourable outcomes possible through the reef. Although artificial 

reefs and fish aggregating devices have been known to be used worldwide since time 

immemorial, the design and development of an eco-friendly reef remains a challenge 

The stability and complexity of artificial reefs determine the amount of fouling (organisms 

attached to the substrate) and the numbers of resident species. The more complex the 

structure, the more diverse the resulting community will be. The spatial arrangement, number, 

and size of openings will determine the types and numbers of organisms present. Habitat 

choice is probably a determining factor of larval settlement in structuring the community but 

this changes over time as the reef evolves. One organism may be better adapted for a particular 

locale on the reef than the original pioneer species. So, until the environmental factors change, 

it will compete and displace the original organism and other potential inhabitants as well. This 

is typical of colonization of an artificial reef, due to competition and predation of the smaller 

individuals by fewer but larger individuals. It is also believed that smaller reefs are better at 

recruiting because they cover a greater horizontal space of the seafloor (Pickering 1994). In 

.ƻƘƴǎŀŎƪΩǎ мффп ǎǘǳŘȅΣ ƭŀǊƎŜǊ ǊŜŜŦǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ōŜ ōŜǘǘŜǊ ŦƻǊ ǎǳǇǇƻǊǘƛƴƎ ŦƛǎƘŜǊƛŜǎ ǿƘƛƭŜ Ƴŀƴȅ 

smaller reefs promote greater diversity through recruitment. The more dispersed the reef 

material is, the greater the horizontal spread will be and thus, the greater the attraction 

capacity will be for settling organisms. The population structure in artificial reefs has been 

found to vary with the size of the reefs. 
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Therefore, the design of a reef is critical to the survival of the structure and the presence of 

desired species. Many different materials have been used to create artificial reefs such as tires, 

wood, concrete, PVC, fiberglass, plastic, metal, pulverized coal ash, and marine alloys. The use 

of these materials varies in different parts of the world. The following criteria are looked into 

for the fabrication: [1] ready availability of desirable materials, [2] matching materials to 

permitted reef sites, [3] avoidance of high transportation costs associated with heavy and bulky 

materials, [4] ease of deployment, [5] reef stability in high energy nearshore environments, [6] 

reduction of interference of reef structures with traditional commercial bottom fisheries, [7] 

longevity of reef materials, and [8] long-range cost and benefits, [9] Artificial reefs should be 

within easy and safe access of recreational visitors and/or fishermen. 

Table 1. Purpose-specific location of artificial reefs 

Purpose Location 

small boat fishermen protected waters or within a few miles of a 

harbour or hamlet (within MFRA) 

large boat fishermen (head or charter) distant reefs 

In Europe and Japan, the dominant material is concrete. Japan also uses steel and fiberglass. 

Tires are used in countries that have poor artificial reef management programs. In Australia, 

Jamaica, and the Philippines, tires are considered non-toxic durable materials. The United 

States and Europe view tires as a source of pollutant leaching, however, the United States 

nevertheless continues the predominant use of other materials of opportunity. There has been 

a serious shift worldwide towards using materials dedicated solely to the creation of artificial 

reefs. This allows for better designs and more effective reefs. They can be specifically designed 

for a single purpose such as to protect shorelines or any other of a multitude of objectives. 

Concrete has been found to be very favourable for artificial reef construction. It does not 

degrade in seawater, can be made to have neutral pH, is easily moulded and is not easily moved 

once in place but hard to transport to the deployment site. Concrete can be made to have a 

texture comparable to natural reefs and develops very similar communities as natural reefs 

(Pickering 1997). PVC and other plastics are also very mouldable, do not degrade, are easily 

transported, but are not as stable due to their lightness and are typically smooth textured. But 

will the structure withstand the fall to the bottom? Once in place will it withstand the stresses 

of currents, burial, and storms? If the reef is placed in an area of strong currents such factors as 

scouring must be considered along with the potential movement of the reef. Scouring under 

the edges of artificial reefs can result in the burial of the reef. It can also result in good burrows 

for cryptic species around the base of the reef. An important feature of steel is that it can be 
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made into very complex structures. It is also very heavy and not easily moved by wave action 

but does corrode in seawater. Each of these materials has benefits and drawbacks. 

The materials used for reef construction are to be selected with utmost caution. They must 

conform to the standards specified globally and nationally to ensure the quality of the seawater 

where the reefs are deployed. The use of hazardous materials must be avoided at all costs. In 

July 2022 in the United States, the Chesapeake Bay Foundation was ordered to remove all 

artificial reef materials from several sites in the Lynnhaven River in Virginia Beach after the 

reefs were found with prohibited items, such as asphalt and metal wire, sticking out of the 

water.  

 

The environment of the deployment area determines the materials to be used. Artificial reefs at 

great depths or in protected areas with weak currents do not need to be incredibly stable. 

However, the greater the amount of wave action and current the more stable the reef must be 

to withstand ƘŀǾƛƴƎ ƛǘǎ ǎǘǊǳŎǘǳǊŀƭ ƛƴǘŜƎǊƛǘȅ ŎƻƳǇǊƻƳƛǎŜŘΦ ¢ƘŜ ǎŜŀŦƭƻƻǊΩǎ ōŜŀǊƛƴƎ ŎŀǇŀŎƛǘȅΣ 

compressibility and soil strength also influence the design characteristics of the artificial reef. If 

the ocean bottom were made of a thick layer of fine sediment a heavy reef would sink and 

disappear into the bottom. In this situation, lightweight reef construction materials should be 

used. 

 

The shape and size of reefs also influence the physical characteristics of the surrounding area, 

most notably the currents around and through the reef. When an artificial reef is placed in the 

path of a current, it displaces the current to varying degrees depending on the porosity of the 

structure. In the water behind such a reef there will be a shielded locale of little or no currents 

(shadow-wake region). This can attract fish by giving them an area where they do not need to 

fight a constant current. This area may produce pressure fluctuations associated with 

turbulence, which can also stimulate fish aggregation. A more spread-out reef has the potential 

for a greater number of different niches due to a larger area covered. Reef size significantly 

influenced the total numbers of species, individuals, and biomass. Smaller reefs had greater fish 

density while larger reefs had higher biomass density from larger, but fewer, individuals. 

Multiple small reefs supported more individuals and more species than one large reef of equal 

material. Artificial reefs that were created at different times, over the course of a year, become 

essentially the same after they have all been in the water for at least a year. This may be 

because the different seasons allow different colonists to occupy the reefs. Benthic species 

occur in greater numbers when the reef bottom area is larger while height does not affect their 

numbers. Mid-level species prefer reefs with a greater vertical profile. Several studies have 

identified that reef size significantly influences the biomass and the total number of species and 

individuals, with the efficiency of artificial reefs as attractors being far greater when formed 
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ƛƴǘƻ ŀ ǎǘǊǳŎǘǳǊŜ ǘƘŀƴ ŘƛǎŀƎƎǊŜƎŀǘŜŘ ƛƴǘƻ ǇƛŜŎŜǎέ όtƛŎƪŜǊƛƴƎ, 1996). It also follows that more 

complex reefs are better attractors. In a different study it was found that several smaller, but 

just as complex, artificial reefs have more associated individuals and species than a single larger 

complex reef. 

 

Table 2. Type of reef and associated species 

Type of reef Species/resource 

Low profile reefs - major sport fishery demersal (benthic) species such as sea 

basses, groupers, snappers, crabs, lobsters, 

flounders, codfishes, tautog, rockfishes, 

sheepshead, seatrouts, croaker, black drum, 

porgies, grunts, groupers. 

High-profile reefs - increase productivity pelagic species: mackerels, jacks, bluefish, 

spadefishes, amberjack, tunas, barracudas, 

and cobia 

Floating reefs pelagic species 

Combination of low and high profiles effective for both demersal and pelagic 

species. 

 

Stability over time and achievement of the expected ecological results is important to consider 

both the engineering aspects and the scope of the artificial reef when planning the reef units 

and/or the reef sets. Reef units can range from very simple modules (e.g., rocks or manmade 

cubes placed singly on the seabed) to sophisticated, intricately designed structures made of 

several different materials (e.g., steel and concrete, steel and fiberglass). Simple reef units can 

be assembled in reef sets to increase the three-dimensional complexity of the reef, hence 

enhancing its potential in the recruitment of larvae of benthic organisms and fish species. For 

the same scope, different typologies of reef units and/or reef sets can be used to create an 

artificial reef. The shape, height and weight of the reef units and reef sets are crucial for their 

stability and durability. It often happens that structures completely sink in muddy bottoms 

because they do not have a base adequate to support their weight. Complex modules may 

collapse due to the forces of currents and waves. Hence, the ratio of weight to surface area is 

crucial for the stability of the artificial reef units. Different technical project approaches are 

required when using modules specifically designed for artificial reefs and constructed with new 

or pristine materials and new sites with particular attention to the design and spatial 
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arrangement of the structures. As a precautionary approach, structures of opportunity (tyres, 

ships, buses, vessels, rig pipes etc.) should not be placed close to sensitive natural habitats.   

The overall objective of the production of artificial reefs is to increase the productivity of the 

aquatic environment and promote sustainable utilisation of the resources.  When opportunely 

designed, artificial reefs may increase the biomass, thus increasing the availability for human 

consumption, of a variety of aquatic organisms (algae, molluscs, sea urchins, fish) by enhancing 

their survival, growth and reproduction providing them with suitable habitats and additional 

food. This type of artificial reef can be also used to manage the life stages of targeted species 

favouring aggregation of juveniles in certain areas and gathering the adults at suitable fishing 

grounds.  

The specific applications of the production artificial reefs include:  

Å Recovery of depleted stocks, by increasing the survival of juveniles by providing shelter 

and additional food;  

Å Enhancement of local fisheries, by aggregating and establishing permanent populations of 

fish at suitable fishing grounds;  

Å Shifting the fishing effort from an overexploited resource to other resources; e.g., if the 

soft-bottom associated species in an area are overexploited, artificial reefs can serve to 

shift a part of the fishing effort to pelagic or reef-dwelling species;  

Å Compensation for a reduction of fishing effort: when there is the need for reducing the 

fishing effort of trawling in an area, the production of artificial reefs can be used in 

negotiation to create new fishing grounds allowing fishermen to shift towards more 

selective fishing activities;  

Å Development of extensive aquaculture of algae and molluscs, providing suitable 

substrates for settlement.  

   

The modules generally used for production artificial reefs should be spread out, of various 

shapes, and should have an appropriate amount of surface area and niches of various 

shapes and sizes available for the establishment of settling organisms. Differently from the 

protection reef units, production units have usually more volume to their weight, creating 

three-dimensional complexity and developing surfaces which can be colonised by sessile 

organisms. Rough surface texture enhances benthic settlement providing refuge and 

supporting greater diversity. Consequently, it also affects the fish assemblage attracting 

fish grazing.  

Besides food availability, composition, diversity and abundance of the reef, fishes are 

strongly affected by the occurrence of adequate refuges and by the shape of the structures. 

Habitat quality affects habitat selection by fish and consequently, influences the 
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demography and population dynamics of the reef fish assemblage. Hence, to host a 

permanent community, an artificial reef must provide adequate habitats for juveniles and 

adults. Based on the fractal crevices theory in structurally complex natural or artificial 

environments large crevices are much rarer than smaller ones. Consequently, the artificial 

reefs can host more small and medium-sized than large organisms which tend to migrate 

outside. Therefore, the placement of large-holed reef units (especially in marine protected 

areas) could avoid the depletion of broodstock by fishing and enhance the reproductive 

capacity of reef fish.  

Other factors that should be considered in planning the artificial reef structures are:  

Å independent of the size and the life stage, generally fish prefer cavities where there is 

light and with many openings to enable them to escape from predators;   

Å size, number, and orientation of cavities should match with the behavioural features of 

the target species, such as whether they are territorial or gregarious;  

Å the overall design of artificial reef structures should assure adequate water circulation.  

Regarding the shape of the reef units/reef sets, it is well known that the affinity of several 

aquatic organisms towards the artificial substrates varies widely depending on the species 

and the life stage. Because of this, when constructing a reef for fisheries enhancement, it 

is important to deeply know the ecology of the different species to identify those that are 

more appropriate as targets for artificial reef deployment and that will have a higher 

probability of being manageable through manipulations involving artificial reefs.  

 

CMFRI has been experimenting with several designs which include ς 

Å Concrete rings  

Å Old tyres/fixed on a concrete bed 

Å Triangular or rectangular modules with PVC or stoneware pipes fitted inside  

Å HDPE pipe structures  

Å Rectangular box-like Circular (dense) 

Å Tetrapod  

Å Triangular modules (130 kg) 5 feet height units  

Å MOU with Intermediate Technology Development Group, London and the Southampton 

University (1995) - design of 5 feet triangular fish reef module took place (120 kg) and so 

was the module placement technique engaging the traditional crafts at Trivandrum. 

Å Concrete Artificial Reef Modules-particulars  

Three types of artificial reef modules developed by CMFRI are Grouper Fish Module (GFM), 

Reef Fish Module (RFM) and Well Ring Module (WRM) and three-generational modifications 

have been adopted over a period of time, based on field trials and observations. Since the 

development of the standard modules for three classes of fishes (Reef fishes-Trevallies-breams-
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perches Triangular/pyramid module, Benthic crustacean fauna -Well ring or flower module 

and the cods-groupers-eel- Tubular Pipe module [Patent 197/CHE/2012] ά/ŜƳŜƴǘ ŀƴŘ 

ŎƻƴŎǊŜǘŜ ƳƻǳƭŘŜŘ ŀǊǘƛŦƛŎƛŀƭ ǊŜŜŦ ǘƻ ŀƎƎǊŜƎŀǘŜ ƳŀǊƛƴŜ ŦƛǎƘέύ ǘƘǊŜŜ ƎŜƴŜǊŀǘƛƻƴǎ ƻŦ ŘŜǎƛƎƴs and 

sizes have evolved based on the observations in performances, stability, shelf life, compatibility 

with the fishing gears and substratum and the dynamics of the seabed  and reef fish built-up 

efficiency. 

 

 

Fig.9. Different designs of AR Modules trailed by CMFRI   
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Fig.10. Earlier designs of AR Modules trailed by CMFRI 

 

Generation A. 2009 

Grouper Fish Module (GFM)  

6 mm MS reinforced, with concrete (RCC) pipes (3 nos.) 280 mm ID 410 mm OD dia x 1000mm 

length, fixed and plastered and housed inside the triangular slab structure (1m x 1 m x 1 m), 

cured. The concrete and mortar of the best standards to be provided  

Reef Fish Module (RFM)  
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6 mm MS reinforced, Triangular moulded concrete module (1.2 m x 1.2 m x 3 slabs of 2.5-inch 

thickness). Each slab has 0.23 x 0.23 m square opening in the centre & amp; 0.15 m dia circular 

holes surrounding the central square opening (12 nos. / slab)  

Well Ring Module (WRM)  

6 mm rod reinforced concrete Well Ring (overlapping) Module; 0.76 mm dia rings (3), 0.450 mm 

depth, 65 mm thick  

Note: Concrete 1:1:2 ratio, 5mm baby jelly, stucco plastering and coarse sand and blue metal 

layering on the surface plastering (rough cast plastering). 

 2 weeks curing for all the above modules with fresh water  

 

 
Fig.11.  Dimensions of different reef modules 
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Generation B. 2012-2015 

A. Grouper fish module (GFM) 

1000 mm L X 300 mm ID (430 mm OD), 65 mm thickness, 6 mm MS rod 

3 pipes held 20 mm by HDPE rope and loop for lifting 

Rough cast plastering, 5 mm baby jelly  

B. Well ring module (WRM) 

760 mm ID, 890 mm OD, 450 mm depth, 6 mm MS rod  

20 mm HDPE rope and loop for lifting 

Rough cast plastering, 5 mm baby jelly 

C. Reef fish module (RFM) 

1200 x 1200 mm 3 slabs, 6 mm MS rod  

mortar packed corners into a triangular hut, rough cast plastering, 5 mm baby jelly 

20mm HDPE rope and loop for lifting 

65 mm thickness, rough cast plastering 

Each slab has a central window 230x230mm and 12 peripheral holes 0f 150 mm dia. 

 

 

 

Fig.12.  A ς Module type I (150 nos.); B- Module Type II (150-175 nos.) & C- Module type III 

(200-275 nos.) 

Two weeks of curing with fresh water is required for all the above modules.  

A 

B 
C 
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Generation C. 2016 

D. Grouper fish module (GFM) 

1000 mm L X 300 mm ID (450 mm OD),75 mm thickness, 8 mm RDS rod 

Fused pipes with holes coir loop for lifting 

Stucco 12 mm plastering, 10 mm baby jelly 

E. Well ring module (WRM) 

760 mm ID, 890 mm OD, 450 mm depth, 8 mm RDS rod, 75 mm thickness 

20 mm COIR rope and loop for lifting 

Stucco 12 mm plastering, 10 mm baby jelly 

F. Reef fish module (RFM) 

1200x 1200 mm 3 slabs, 8 mm RDS rod, 75 mm thickness 

mortar packed corners into a triangular hut, Stucco 12 mm plastering, 10 mm baby jelly 

20 mm coir rope and loop for lifting 

Each slab has a central window 230x230 mm and 12 peripheral holes of 150 mm dia. 

Reinforced cement concrete of M30 (OPC)43 gradeIS8112 as per BIS-456-200 (440 Kg/M3) 

using 20 mm and 12 mm gauge HBG stone jelly. With water cement ratio 0.45 and super 

plasticizer 250 ml/50 kg cement. Stucco plastering 12 mm HBG chips of 10 mm CM 1:5 mix x 12 

mm thick. 

The recent versions are treated and cured for 3 weeks with freshwater and seawater for a week 

before the deployment. 

 

Fabrication at the site, inspection and verification  

During the evaluation and testing of the modules, it is imperative that - 

Å The dimensions and concrete mixture are to be checked  

Å The rod sizes, curing period and the stucco plastering thickness  

Å The cement grade and the plasticizer 

Å The strength and durability are to be tested between 7-28 days of fabrication. 

Å (Fineness Test., Consistency Test., Setting Time Test. Strength Test., Soundness Test., Heat of 

Hydration Test., Tensile Strength Test., Chemical Composition Test.) 

Å The modules are numbered and arranged for easy shipment and loading. 

Å The modules are to be weighed on a weighing scale and the GRT per trip per site has to be 

evaluated for port bills and clearances at harbours. 
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Fig.13.  The latest AR modules being deployed by CMFRI 

 

Fig.14. Fabrication of AR Modules 
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Fig.15. Fabrication of AR Modules 
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Table 3. The evolution of artificial reef modules developed by ICAR-CMFRI, with their dimensions and constitution 

S. 
no. 

Name of the 
model  

Sizes  
LxBxH 

Thickne
ss 

Stucco/ 
Rod  

Additional remarks Fishery resource Weights  Functions  

1 GEN. I 
REEF -
PYRAMID 
FISH 
MODULE  

1.2 m x 1.2 m x 3 
slabs 

63.5 mm Concrete 
 1:1:2,  
6 mm MS 

Rough cast plastering 
5 mm baby jelly  

Snappers, 
perches,  

250-350 kg Shelter and attract 
forage fishes, house 
benthic forms, 
production units  

2 G. I 
GROUPER 
FISH 
MODULE  

Encased inside 
slabs on all 
sides, 280 mm ID 
410 mm OD dia x 
1000 mm length 

63.5 mm Concrete  
1:1:2,  
6 mm MS 

Rough cast plastering 
5 mm baby jelly 

Groupers, eel, perches 400 kg Home for big 
predators and keeps 
the mobility of fish in 
ease and develop 
corridors 

3 G. I 
(WRM)WELL 
RING -
FLOWER 
MODULES  

0.76 mm dia 
rings (3), 0.450 
mm depth, 65 
mm thick 

63.5 mm Concrete  
1:1:2,  
6 mm MS 

Rough cast plastering 
5 mm baby jelly 

Crustaceans, gobiids, 
wrasses, cardinals  
 

350-450 kg Stoppers in the 
sediment, secure 
platform and 
chambers, 
crustacean recruit 
houses, production 
units  

4 GEN. II 
REEF -
PYRAMID 
FISH 
MODULE  

1.2 m x 1.2 m x 3 
slabs 

63.5 mm Concrete  
1:1:2,  
6 mm MS 

HDPE ROPE 18 mm  Snappers, perches, 
damsels, zanclids, Lions 
fishes, 
Wrasses, rabbits, 
surgeons, corals  

500-550 kg Shelter and attract 
forage fishes, house 
benthic forms, 
production units   

5 G.  II 
GROUPER 
FISH 
MODULE  

300 mm ID 430 
mm OD dia x 
1000 mm length 

63.5 mm Concrete  
1:1:2,  
6 mm MS 

HDPE ROPE 18 mm Groupers, snappers, sea 
bass, damsels, eels, 
sweet lips, grunters,  

650-750 kg Home for big 
predators, and keeps 
the mobility of fish in 
ease and develop 
corridors 

6 G.  II (WRM) 
WELL RING-
FLOWER 
MODULE 

0.76 mm dia 
rings (3), 0.450 
mm depth 
 

63.5mm Concrete  
1:1:2,  
6 mm MS 

HDPE ROPE 18 mm Cardinals, 
crustaceans, 
lobsters, sea lilies, corals, 

550-650 kg Stoppers in the 
sediment, secure 
platform and 
chambers, 
crustacean recruit 
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houses, production 
units 

7 GEN. III 
REEF -  
PYRAMID 
FISH 
MODULE  

1200x 1200 mm 
3 slabs 

75 mm MP 9OPC) 
43 GRADE 
 IS 112  
BIS-456-
200 (440 
kg/m3) 
20 mm and 
12 mm 
HGB stone 
jelly  

20 mm COIR ROPE  Snappers, perches, 
damsels, zanclids, lion 
fishes, 
wrasses,  
rabbits, surgeons, 
trevallies, breams, corals, 
groupers, rabbits, 
squirrels 

650-750 kg Shelter and attract 
forage fishes, house 
benthic forms, heavy 
and hence creates 
more wake regions, 
increased substratum  

8 G.   III 
GROUPER 
FISH 
MODULE  

1000 mm L X 
300 mm ID (450 
mm OD) 

75 mm MP 9OPC) 
43 GRADE 
 IS112  
BIS-456-
200(440KG
/M3) 
20mm and 
12mm HGB 
stone jelly 

20 mm COIR ROPE Groupers, snappers, sea 
bass, damsels, eels, 
sweet lips, grunters 

800-900kg Home for big 
predators, and keeps 
the mobility of fish at 
ease and develop 
corridors 

9 G.  III (WRM) 
WELL RING 
-FLOWER 
MODULE  

760 mm ID, 890 
mm OD, 450 mm 
depth 

75 mm MP 9OPC) 
43 GRADE 
 IS 112  
BIS-456-
200 (440 
kg/m3) 
20 mm and 
12 mm 
HGB stone 
jelly 

20 mm COIR ROPE Cardinals, 
crustaceans, 
lobsters, sea lilies, corals, 
goat fishes, clowns, 
wrasses, 

650-800 kg  Stoppers in the 
sediment, secure 
platform, and 
chambers, 
transplanting spaces, 
crustacean and 
cardinals, damsel and 
ornamental recruit 
houses, production 
units  
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Selection of villages, benchmark studies and formation of Reef Sub-

committees 

Joe K Kizhakudan, Narayanakumar R, Geetha R, Shoba Joe Kizhakudan and Remya LΦ  

 

¢ƘŜ ǇǊƻŎŜǎǎ ƻŦ ōǳƛƭŘƛƴƎ ŀƴ ŀǊǘƛŦƛŎƛŀƭ ǊŜŜŦ ƛƴ ŀ ǇŀǊǘƛŎǳƭŀǊ ǎƛǘŜ ƛǎ ŀ ƭƻƴƎ ƻƴŜΣ ƛƴǾƻƭǾƛƴƎ ǎŜǾŜǊŀƭΣ ƻŦǘŜƴ 

ǊƛƎƻǊƻǳǎ ŜȄŜǊŎƛǎŜǎ ŀƴŘ ŀǎǎŜǎǎƳŜƴǘǎΦ ¢ƘŜ ǎǘŜǇǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘƛǎ ǇǊƻŎŜǎǎ ŀǊŜ ƭƛǎǘŜŘ ōŜƭƻǿ -  

­ !ǎǎǳǊƛƴƎ ǘƘŜ ǎƻǳǊŎŜ ƻŦ ŦǳƴŘǎ  

­ [ƛǎǘƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇǊƻōŀōƭŜ ǾƛƭƭŀƎŜǎ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘ ȊƻƴŜ 

­ tǊƛƳŀǊȅ ǎǘŀƪŜƘƻƭŘŜǊ ƳŜŜǘƛƴƎǎ ŦƻǊ ƛƴƛǘƛŀƭ ŎƻƴǎŜƴǎǳǎ 

­ .ŜƴŎƘƳŀǊƪ ǎǳǊǾŜȅ ŀƴŘ ǎƻŎƛƻ-ŜŎƻƴƻƳƛŎ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳǳƴƛǘȅ ƛƴ ǘƘŜ ƘŀƳƭŜǘ  

­ {ŜŎƻƴŘŀǊȅ ǎǘŀƪŜƘƻƭŘŜǊ ƳŜŜǘƛƴƎΣ ŦƻǊƳƛƴƎ ƻŦ ǘƘŜ !w {ǳō /ƻƳƳƛǘǘŜŜ ŀƴŘ ŀǊǊƛǾƛƴƎ ŀǘ ŀ 

ŦŜǿ ǇǊƻōŀōƭŜ ǎƛǘŜǎ ǿƛǘƘ ƭŜŀǎǘ ŦƛǎƘƛƴƎ ŎƻƴŦƭƛŎǘǎ ŀƴŘ ǎǘŀƴŘŀǊŘ ǇǊƻǘƻŎƻƭǎ 

­ {ƛƎƴƛƴƎ ƻŦ aƻ¦ ŀƴŘ ŎƻƭƭŜŎǘƛƴƎ ƭŜǘǘŜǊ ƻŦ ŀŎŎŜǇǘŀƴŎŜ ŦǊƻƳ ŜŀŎƘ ǎŜƭŜŎǘŜŘ ǾƛƭƭŀƎŜ 

­ {ƛǘŜ ǎǘǳŘȅΣ ŘƛǾƛƴƎΣ ǎŜŘƛƳŜƴǘ ŀƴŘ Ŧŀǳƴŀ ǎǘǳŘƛŜǎ ŀƴŘ ǇƘȅǎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎ 

­ /ƻƴŦƛǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ƛŘŜŀƭ ǎƛǘŜ ŀƴŘ ŘƻŎǳƳŜƴǘƛƴƎ 

­ tǊƻōŀōƭŜ ƴǳƳōŜǊǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ƳƻŘǳƭŜǎ ŀƴŘ ŘŜƴǎƛǘȅ ŀƴŘ ŀǎǎŜƳōƭŀƎŜ ŀŦŦƛȄŜŘ ŀǎ ǇŜǊ 

ǘƘŜ ǎƛǘŜ ǎǇŜŎΦ 

­ CŀōǊƛŎŀǘƛƻƴΣ ŎǳǊƛƴƎ ŀƴŘ ǘǊŀƴǎǇƻǊǘ ǘƻ ǘƘŜ ǎƛǘŜ  

­ 5ŜǇƭƻȅƳŜƴǘ ŀǘ ǘƘŜ ǎƛǘŜ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ !w{/ ƳŜƳōŜǊǎ ŀƴŘ ŦƛǎƘŜǊ ƘŜŀŘǎ ŀƴŘ 

ƻŦŦƛŎƛŀƭǎ ƻŦ ǘƘŜ ǎǘŀǘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ CƛǎƘŜǊƛŜǎ 

­ /ƻƭƭŜŎǘƛǾŜ ŀƴŘ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ǊŜƭŜŀǎŜ ƻŦ ƭŜŀŦ ŦǊƻƴŘǎ ŀƴŘ ǘǊŜŜ ōǊŀƴŎƘŜǎ ōȅ ǘƘŜ ŦƛǎƘŜǊǎ 

ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŦƛǎƘ ǊŜǎƻǳǊŎŜǎ ƎŀǘƘŜǊƛƴƎ ŀǘ ǘƘŜ ǎƛǘŜΣ ōȅ ŀǘǘŀŎƘƛƴƎ ǘƘŜƳ ǘƻ ǘƘŜ 

ƳƻŘǳƭŜǎ  

­ IŀƴŘƛƴƎ ƻǾŜǊ ǘƘŜ ƭŀȅƻǳǘΣ ƻǊƛŜƴǘŀǘƛƻƴΣ ŀƴŘ Dt{ ŎƻƻǊŘƛƴŀǘŜǎ ǘƻ ǘƘŜ ŎƻƳƳƛǘǘŜŜ ŦƻǊ 

ŦǳǊǘƘŜǊ ǊŜŎƻǊŘǎ ŀƴŘ ǳǇƪŜŜǇΦ 

­ {ŜǘǘƛƴƎ ǳǇ ŀ ŘƛǎǇƭŀȅ ōƻŀǊŘ ǿƛǘƘ ǘƘŜ ƴŀƳŜ ŀƴŘ ŎƻƻǊŘƛƴŀǘŜǎ ŀǘ ŀ ǇǳōƭƛŎ ǇƭŀŎŜ ƛƴ ǘƘŜ 

ǾƛƭƭŀƎŜ ŦƻǊ Ŝŀǎȅ ŀŎŎŜǎǎ 

­ wŜƭŜŀǎŜ ƻŦ ŀ ŎƛǊŎǳƭŀǊ ǿƛǘƘ ǘƘŜ Dt{ ŎƻƻǊŘƛƴŀǘŜǎ ŀƴŘ ŘŜǇǘƘ ƻŦ ǘƘŜ ŀǊǘƛŦƛŎƛŀƭ ǊŜŜŦ ǎƛǘŜ ǘƻ 

ǘƘŜ ƭƻŎŀƭ ŦƛǎƘŜǊƛŜǎ ƻŦŦƛŎŜ ŀƴŘ ŀŘƧŀŎŜƴǘ ŦƛǎƘƛƴƎ ǾƛƭƭŀƎŜǎ  
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Fig.16.  Preliminary enquiries with locals and officials for the listing of potential villages 

 

 
Fig. 17.  Primary stakeholder meeting 

 

Given a coastal district and list of fishing villages and landing centers, the screening for 

potential villages has to be done with the information collected using a questionnaire for the 

following details - 

A. Name of the village/hamlet /details of the panchayath /FCS/society /Association 

B. Screening information: 

1. Number of active fishermen/traditional fishers and hook and line operators; 

2. Important fishing grounds, reefs, coordinates, and resources; 

3. Important fishing gears and crafts;  

4. Access to nearest markets and cities; 

5. Adjacent natural reef areas or AR sites;  

6. Adjacent villages active in traditional and hook and line fishing;  

7. Rocky or limestone substratum areas as bottom;  
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8. Nearest access to industries and outfalls/discharges/extensions/jetties 

/remnants/rigs/platforms;  

9. Distances from or to the salt pans/marshes/river mouths/ETP discharges 

/desalination plant outlets /thermal plant outlets; 

10. Does the proposed area fall under the MPA/seagrass beds/seaweed beds/coral reef 

areas /sanctuary/no-take zones/prohibited zones etc.;  

11. Average tidal amplitude/current speeds/and turbidity and the possibility of 

sediment transport if any; 

12. Does the proposed area fall in the way of harbors and ports or admiralty/important 

navigation of ships, vessels, tugs and defence vessels; 

13. The extent of fisher intent, interest, consensus, and minimal conflicts within and in 

neighbourhoods. 

After listing down the probable villages a physical visit and verification of facts pertaining to 

the fishing practices, intensity, fishing ground and resource specifics, is very essential. This is 

done through a Primary Stakeholders Meet (PSM). If the concept is agreeable to a select 

group and fishers are keen to know further about the proposal, and all other factors and 

criteria converge to the possibility of reef installation, a second visit is to be arranged with a 

larger assembly, with prior notice to all the active fishers, leaders and youth along with the 

State Fisheries Department officials and representatives of SHGs, NGOs, and service 

wings/Cooperatives/Federations/Societies. At The Secondary Stakeholders Meeting (SSM), 

the detailed proposal is discussed with all scientific inputs, displays and video/ppt 

presentations. With the approval of the Panchayat and leaders, an Artificial Reef Sub 

Committee (ARSC) is formed by inviting nominations from the active fishers and youth 

recommended by the leaders (minimum of five and maximum of ten members) with the full 

approval of the audience and the officials. Their contact details and xerox copies of Aadhar 

cards are gathered and an agreement is exchanged between the village heads and the 

implementing Agency wherein these details are shared. 

A few no-conflict/tentative proposed sites (directions and coordinates-with depth) 

suggested by the leaders and the ARSC members are noted down and a tentative date is 

fixed for physical site verification, and the members and boats assigned are also 

ascertained. 

The next activity is the conduct of the primary socio-economic and benchmark evaluation 

studies and preparation of a status report on the livelihoods, profession, income levels and 

fishery resource sharing and potentials. A prescribed format of enquiry is used in the 

vernacular language engaging enumerators and the data is to be gathered within a set time 

frame. (Form annexure -1) 
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Fig.18. Secondary stakeholder meeting 

 

 
Fig.19. Noting down the details of ARSC members 

  
Fig.20.  Socio-economic survey 
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Fig.21.  Signing of MOU & Agreement 

 

Points to be discussed with the fishers:  

1. Resource constraints and reality  

2. The intensity and increased efforts into fishing  

3. Declining diversity, economic outputs, shares and scope for expansion 

4. Coastal resources in scant and so does livelihoods 

5. Increasing water temperatures and other interventions  

6. The increasing cost of living and deprivation of basic needs  

7. Options: Improve the resilience of coastal communities by improving economic returns 

through sustainable fishing practices.  

8. Revive fish habitats and resource multiplication. 

9. Renew fish diversity /biomass and local production 

10. Introduction and management of Artificial reefs as a means to revive, restore and 

conserve and reserve sufficient stock balances for breeding and recruitment. 

11. Increasing shelters and substrates for the ecosystem engineers and invertebrates to 

colonize and create more productive habitats. 
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12. Reintroduction of hook and line fishing and reducing cost inputs /dependence on fossil 

fuels /and manpower and reducing efforts in scouting time and energy. 

13. Moving towards green technologies and sustainable fishing practices catching only 

required species and sizes. 

14. Creating an ownership attitude and inclination towards seeding and farming, thus 

brightens the prospects of sea ranching and restocking. 

15. Being a partner in creating and stabilizing fish diversity and wealth, towards 

sustainability. 

16. Being a partner in the conservation of vulnerable /threatened species. 

17. Indirectly dissuading the large mechanized vessels operating floor scraping gears and 

dredges, bottom set trap nets and trammels. Being partners in making fishing more 

lucrative, interesting and economical. 

 

 
Fig.22.  Artificial Reef Sub-Committee Organization & management objectives 
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Site selection criteria, sample collection and analysis 
Joe K Kizhakudan, Shoba Joe Kizhakudan, Kaladharan P, Thirumalaisevan S, Poovannan P, 

Mohan S and Sitaramacharyulu V. 

 

The selection of suitable sites for the deployment of artificial reefs is a very important phase in 

the success of the reef functioning and efficiency. Following the primary and secondary 

stakeholdersΩ meetings, on the proposed dates of field sampling, the team of experts with the 

SCUBA team, ARSC members and active fishers with GPS sail on the pre-identified country 

boats or vessels, carrying all the sampling gears and anchors. They sail towards locations 

suggested by the fishermen, at distances of 2-5 km from the shore with a water depth of 7-25 

m. The tidal parameters, amplitude, wave heights, wind speeds and local weather details are 

noted before sailing. A Global Positioning System (GPS) and sonar can be used along with scuba 

gear to locate the reef sites. The coordinates of the sampling sites are duly recorded separately 

by the fisher ARSC team members and the sampling team and corroborated to fix the sampling 

site.  

 

The sites for artificial reefs should be installed in coastal waters adjacent to fishing villages 

where non-destructive gears suitable for fishing in reefs, like hooks and lines are available and 

regularly used. It is necessary to ensure that the fisher stakeholders are involved in the 

sampling and site-fixing process. The sampling locations must be located at a suitable distance 

from outfalls, barmouths, river discharge points, mangroves, mud flats, mud banks, coral reefs, 

seagrass and seaweed beds, industrial installations, and industry/urban effluent discharge 

points. Sites proximal to thermal, saline, and chemical effluent discharge points are to be 

strictly avoided. No-take zones such as MPAs/Sanctuary/National parks/NHS are to be avoided 

unless specified for the conservation program. Locations with hard and sandy sediments are 

preferred while locations with soft sediments and turbid eddies are to be avoided. The site 

should fall within MFRA limits of the respective state allotted for the traditional sector and 

should not be in violation of the Coastal Admiralty or CZM rules, and should not be a priority 

area for fishing by other fishers or gears; it should be located within the geographical grid and 

limits of the village and not conflict with adjacent fishing zones of other villages. Any natural 

conflicts/reasons that may interfere with selecting the site for artificial deployment must be 

addressed prior to sampling and site fixing. A local fishery- and ground-based resource 

availability is ascertained through questionnaire surveys for benchmark analysis. 

The notable parameters of utmost relevance to the performance of the AR are -  

A. Depth and distance from the shoreline  

B. Turbidity/visibility/productivity 

C. Sea bed texture and nature/sediment characteristics  
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D. Current speeds and upwelling  

E. Vicinity to barmouths/discharges /installations 

F. Proximity to natural reefs and habitats/mud flats /mangroves  

G. Proximity to AR and fish corridors  

 

A. Depth: The water depth is measured using scuba diving computer and/or using ǘƘŜ ōƻŀǘΩǎ 

depth finder; alternatively, a deadweight lead sinker tied to a marked rope can also be 

lowered for depth soundings. The preferred zone for the performance of production-based 

reefs is beyond the frequent surf zone and between 7-25 m depth range, while the perfect 

one would be in a 10-20 m zone, as this leaves enough space for the light penetration, 

causing less obstruction to drift gillnets, and is sufficiently away from the frequent surf 

beaten zone, depending on the sea bed slopes. The distance of the site could be anywhere 

within the MFRA approved limits of each coastal state, allowing for the traditional fishers 

while keeping in mind that the visibility and activity within sight range from the shore should 

make it more convenient for management and safety; hence ideally, the site should be at a 

distance of 2-5 km from the shoreline. The distance may vary depending on the depth profile 

of the sea in the village. For deployment in shallow sites, sufficient surface clearance is to be 

left for vessels and boats to navigate without obstruction. 

 

Table 4. The fishing limits of traditional fishermen in coastal states of India (distance from LLT 
/depth) 

State Artisanal  Mechanized  AR deployment zone 

Maharashtra 10-20 m depth  >20 m depth  within 20 m depth  

Goa  <5 km  >5 km <5 km 

Orissa <5 km >5 km >5 km 

Karnataka <6 km OAL<15 m >6 km 

  OAL>15m >20 km 

Kerala  <10 km GRT<25 >10 km 

  GRT>25 >23 km 

TN <5 km >5 km >5 km 

AP <10 km OAL <20 m >10 km  

  OAL >20 m  >23 km 

 

B. Turbidity/visibility/productivity : The уέ Secchi disc readings should be sufficiently more 

than 1.5 meters and the observed turbidity should not be related to silt or clay suspension 

indicating heavy current speeds or bottom swells. However, reduced light penetration due 



48 
 

to increased plankton production or reduced sunlight should be negotiable based on the 

local enquiry on the general trend in that zone. 

 

C. Sea bed texture and nature/sediment characteristics: The composition of the ocean bottom 

is an important factor that could affect the length of time a reef will remain productive. If 

the material sinks into the sediments or is covered by them, the reef loses its effectiveness. 

Information about the bottom type and depth can be obtained with bottom sampling 

equipment like grabs, direct diver inspection, depth recorder, sounding lead, information 

from national ocean survey charts, state fisheries departments, game agencies, local colleges 

and universities with marine science programs, commercial fishermen, or oil company 

geologists. Natural reefs and rock patches should be completely avoided as they are natural 

ecosystems which support a unique ecosystem. Muddy bottoms experience shifting of 

sediments, hence sinking of structures and increased sediment deposit over the surfaces 

cause choking of invertebrate settlers. Plain hard sea bed floors are ideal for module 

deployments and longer life of AR sites. 

 

D. Current speeds and upwelling ό5ǳǘŎƘƳŀƴΩǎ ƭƻƎύ: Another important instrument used can be 

a float buoy in the size of an orange along with a digital watch to measure current speed. It 

could be released to measure the distance it travels in a minute. This is done three times at 

each site to minimize error (0.8 x float velocity). This is an easy way to determine the 

average surface current at each site. Temperature is measured in two ways, either by an 

underwater thermometer attached to a sampler or by the divŜ ōƻŀǘΩǎ ŎƻƳǇǳǘŜǊƛȊŜŘ 

sensor. All readings, surface to bottom, are taken at the same position and time. A current 

meter will be more accurate. 

 

E. Vicinity to barmouths/discharges /installations: The AR sites should ideally be away from 

any barmouth or discharge point by at least 3 km on either side and should not be in a zone 

of influence of increased sedimentation rates or sinking. Any industrial or infrastructural 

installation also should be avoided due to other legal issues. Navigational and admiralty 

routes, and shipping and tug channels are to be strictly avoided. 

 

F. Proximity to natural reefs and habitats/mud flats /mangroves: The experience so far in our 

waters shows that if the site is at a distance of 500 m from any natural reef or rock patch, 

the performance is very good and fish corridors are instantly built. However, if they are 

adjacent to mud flats and mangroves the logic of keeping a 3 km distance on either side is 

safer, to avoid soft sediment settlements and increased turbidity. Using underwater 

videotapes and photographs of the sea bed, the fouling coverage and diversity are estimated 

in the lab, using a monitor. 
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G. Proximity to AR and fish corridors: Keep a distance of 500 m and develop a 

subsequent unit, as resident and settling communities spread well and extend to a 

300 m plus boundary. The extended satellite corridors help in increasing mobility, 

forage and shelter and escapement routes. 

 

Table 5. Optimal parameters for selection of suitable sites for artificial reefs. 

No. Parameter Range  Optimal  Remark  

1 Depth (m) 7-25m 10-20m Depending on the site and 

availability  

2 Transparency (m) 1-5m >1.5m Effluent discharge points and 

loose sediments could be giving 

turbidity. 

3 Current velocity  1-10cm/s 2-6cm/s Bottom currents, particularly at 

estuary or river flow points, it 

will exceed  

4 Wave heights  0.5-4m 0.5-2m During monsoon could be the 

max  

5 Soil texture sand: silt + 

clay 

85-99: 15-1% 98: 2 Fine sand and organic 

sediments to be carefully 

identified and quantified   

6 Proximity to barmouths, 

discharges outfalls  

Away by 

 >3 -5km  

Away by >5  Avoid pollution, sedimentation 

and sinking, plastic debris 

accumulation  

7 MPA/Coral reefs  500-1000 m 

away  

At least 500 

m away  

Avoids conflicts and violations  

8 Proximity to AR /natural 

reefs  

300-500 m 

distance  

500 m from 

the AR  

Helps in creating fish corridors 

and reduces exits and transit 

losses 

9 Dissolved 

orthophosphate (PO4-p) 

ideal range: 1-

3 micro mols 

/l  

2-3 micro 

mols /l 

Indicates the nutrient wellness 

of the site for primary 

production 

10. Reactive silicate (SiO4-

Si) 

4-8 micro 

mols /l 

4-6 micro 

mols /l 

Indicates the nutrient wellness 

of the site for primary 

production 

11 Nitrate (NO3-N) 1-5 micro 1-3 micro Indicates the nutrient wellness 
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mols /l mols /l of the site for primary 

production 

12 Chlorophyll a Chl a. 1-

4mg/m3 

1-3mg/m3 Indication primary production 

levels  

13 DO 1.5-5 mg /l  2-4mg /l Anoxia prevails during 

upwelling  

 

 

Water and plankton sample collection 

A portable GPS set and lead weight (200-500gm) depth sounder with a rope having measured 

markings are carried on board. The GPS coordinates and reading units of the fisher members 

are confirmed with the gadgets available with the team. The boat/vessel/canoe is anchored at 

the site and then the depth sounding is done to confirm the depth and the sediment nature. 

The SCUBA team then dives with the sampling equipment and containers (the sediment scoop, 

two wide-mouthed 1000 ml PPE water containers, camera, torch, and high-density polythene 

sealing type bags of 2 kg capacity). They take photos and videos of the sediment, habitat and 

fauna and also provide information on the topography and mound formation of the sea bed 

and slope. They collect bottom water and sediment samples.  

 

Once the diving team comes back on board, the surface water and plankton sampling are done. 

Both the surface and bottom samples are to be collected to verify the site-specific parameters. 

Water samples collected for nutrient and chemical parameters are stored in PE containers and 

refrigerated till further analysis. Dissolved oxygen (DO) is sampled in BOD glass bottles (Winkler 

method) ŀƴŘ ŦƛȄŜŘ ǳǎƛƴƎ ǘƘŜ ²ƛƴƪƭŜǊΩǎ ǎƻƭǳǘƛƻƴ ƻƴ-site and analyzed in the lab. A portable field 

thermometer is used for temperature, a salinometer for salinity and a pH meter for pH. The 

sediments collected for benthos and meiobenthos are preserved in 10% formalin mixed with 

Rose Bengal stain. 

 

Sample analysis 

Zooplankton: A zooplankton net of 50 cm diameter x 3 m length with 40 µ mesh in the main 

area of the net and with 150 µ at the collars, and with a collection cup secured to a 500 g lead 

weight is lowered at the site. Three samples are collected from each site by a still net at natural 

flow in the current direction at the bottom, for an hour, followed by horizontal tow in the mid-

water column and surface by driving the boat for 10 minutes each, noting the flowmeter 

readings. The bottom anchored collection gives a good account of the fish eggs, larvae, and fry 

at the sea bottom. Samples are filtered and preserved in 10% formalin with Rose Bengal stain in 

a 250 ml PP bottle. The net volume is calculated by the volume displacement method and sub-

samples made through a Folsom splitter are used for quantitative and qualitative analysis under 
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a microscope. Larger plankters would be counted and for the rest, a subsample taken on the 

Sedgwick Rafter cell would be observed under a microscope for identification and count. The 

total number would then be estimated. Species diversity ƛƴŘƛŎŜǎΣ aŀǊƎŀƭŜŦΩǎ Species richness (d) 

PielouΩǎ 9ǾŜƴƴŜǎǎ όWΩύΣ {Ƙŀƴƴƻƴ ²ŜƛƴŜǊ 5ƛǾŜǊǎƛǘȅ όIΩύ and Simpsons Dominance Index can be 

calculated using the PRIMER-E software. The total numbers are represented as numbers /10 

m3. 

 

Phytoplankton: Bottom and surface samples are collected using a phytoplankton sampler 

which has 5 µ mesh size net and 30 cm diameter. Horizontal tow for 10 minutes with flow 

meter readings is done for the collection. The samples are preserved in 5% formalin with 0.1% 

LǳƎƻƭΩǎ LƻŘƛƴŜΦ The subsamples are observed under a microscope and the counts are taken later 

using a haemocytometer counting chamber. The total number would then be estimated. 

{ǇŜŎƛŜǎ ŘƛǾŜǊǎƛǘȅ ƛƴŘƛŎŜǎΣ aŀǊƎŀƭŜŦΩǎ {ǇŜŎƛŜǎ ǊƛŎƘƴŜǎǎ όŘύ tƛŜƭƻǳΩǎ 9ǾŜƴƴŜǎǎ όWΩ), Shannon Weiner 

5ƛǾŜǊǎƛǘȅ όIΩύ ŀƴŘ {ƛƳǇǎƻƴǎ 5ƻƳƛƴŀƴŎŜ LƴŘŜȄ Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ǘƘŜ twLa9w-E software. 

 

Dissolved nutrients: 

мΦ Dissolved orthophosphate (PO4-p) is determined quantitatively by the spectrophotometric 

method (885 nm) using the Ascorbic acid method (Murphy and Riley, 1962). Merck 

Spectroquant method with instant reagent kits is more convenient and accurate (ideal 

range: 1-3 micro mols /l). 

нΦ Reactive silicate (SiO4-Si) is determined in seawater in the dissolved form mainly as 

orthosilicic acid Si(OH)4 estimated by the Ascorbic acid method using a spectrophotometer 

at 810 nm as given by Mullin and Riley (1955) and modified by Strickland and Parson (1968). 

Merck Spectroquant method with instant reagent kits is more convenient and accurate 

(ideal range: 4-8 micro mols /l). 

оΦ Nitrate (NO3-N) is estimated following the method described by Morris and Riley (1963) and 

modified by Grasshoff and Wood et al. (1967) using a spectrophotometer. Merck 

Spectroquant method with instant reagent kits is more convenient and accurate (ideal 

range: 1-3 micro mols /l). 

пΦ Chlorophyll a, b, and c are estimated from at least 1000 ml water samples filtered first 

through a 0.2 mm filter to remove all the particles, and then filtered through a 47 mm 

Whatman No 1 GF/C filter paper. The pigments are extracted from the paper by adding 90% 

v/v acetone 10 ml in a tube. The resultant pigments are calculated from UV 

spectrophotometer readings at 750, 664, 647 and 630 nm by applying the formula given by 

Gaarder and Gran (1927) (ideal range: Chl a. 1-3mg/m3). 

рΦ Primary Productivity: is estimated by light and dark bottle method. The changes in dissolved 

oxygen levels in the bottles after a suitable time are expressed in g C/unit vol/h (Winkler 

method).  
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сΦ Total Suspended Solids (TSS) are calculated by filtering a known volume (500-100 ml) of the 

sample using a vacuum pump with 47 mm GF/C paper and drying the residue; the dry weight 

gives an estimate of the TSS. 

тΦ Total Dissolved Solids (TDS) are estimated by evaporating a known volume of the filtrate 

obtained during TDS extraction, in a crucible kept in an oven; the resulting residue gives an 

estimate of the total dissolved organic and inorganic matter in the sample. 

 

 

Fig.23.  Illustration of water and sediment sampling for site selection  

 

 

Sediment studies, benthos, and sampling procedures 

The samples are to be collected at least from two random sites for the sediment textural 

classification and the benthos and meiobenthic status observations. The samples can be 

obtained using a Van-veen grab or any similar equipment or collected through scuba divers. A 

quadrant of 20 Ȅ нл ŎƳ ƛǎ ǳǎǳŀƭƭȅ ǘŀƪŜƴ ŦƻǊ ǘƘŜ ŘƛǾŜǊǎΩ ŎƻƭƭŜŎǘƛƻƴ ƳŜǘƘƻŘƻƭƻƎȅ ŀƴŘ ǘƘŜ ǘƻǇ нέ 

layer of soil is collected into a high-density sealing type polyethene bags (2 Kg). 
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A 100 m x 100 m area is marked where the site is identified and fixed the sediment samples are 

to be taken and the samples for the textural analysis are to be mixed between two diagonally 

opposite station samples (brown)and then prepared for drying and sieving, while the samples 

for benthos and meiobenthos are treated separately with formalin and sieved and samples 

collected and then the average numerical abundance is computed (green). 

 

The samples are taken back to the lab, dried and then passed through a series of five nested 

sieves. From this, the relative amounts of different particle sizes are determined by weight. The 

particle types and percentages are then determined and labelled according to the Wentworth 

classification. The collected bottom samples are dried and sieved through a series of five nested 

test sieves to separate the different grain sizes and each size class is weighed. 

 

Table 6. Soil classification based on grain size. 

 Particle Size Class Grain Size (mm) 

Gravel > 2.0 

Very coarse sand > 1.0       < 2.0 

Coarse sand > 0.5       < 1.0 

Medium sand > 0.25     < 0.5 

Fine sand > 0.125   < 0.25 

Very fine sand > 0.0625 < 0.125 

Silt/clay < 0.0625 

 

The composition of the ocean bottom is an important factor that could affect the length of time 

a reef will remain productive. If the material sinks into the sediments or is covered by them, the 

reef loses its effectiveness. Information about the bottom type and depth can be obtained with 

bottom sampling equipment grabs or direct diver inspection, depth recorder, or sounding lead, 

information from National Ocean Survey charts, State fisheries dept, local colleges and 

universities with marine science programs, commercial fishermen, or oil company geologists. 
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Natural reef and rock patches should be completely avoided as they are natural systems which 

support a unique ecosystem. 

 

Collecting representative samples in a marine area requires prior knowledge about the sea bed. 

Initially, some guidance can be obtained from bathymetric maps, knowledge of tidal currents, 

and information about the likely exposure to high-energy current forces such as waves from 

major storms. In areas with heavy use of bottom trawls for fishing. A great deal of information 

about bottom morphology and regional patterns of sediment texture can be obtained by using 

bottom imaging techniques such as side scan sonar also. 

 

The wet samples collected are immediately preserved in a 10% aqueous solution of borax-

buffered formalin mixed with Rose Bengal stain and brought to the lab and in a weekΩs time 

sorted for the microbenthic fauna and later for the meiobenthos. They will remain in this 

solution for a minimum of 24 hours and a maximum of 7 days to allow proper fixation of the 

animal tissue while minimizing the loss of calcium carbonate structures (e.g., molluscan shells, 

echinoderm spicules).  All sample-processing activities (including rescreening and sorting)  

 

Sample Sorting: Sorting is the process of removing all faunal material from the sediment 

sample. All whole macroinfaunal invertebrates and fragments of organisms that were alive at 

the time of preservation are to be removed from the sample and sorted into the following 

taxonomic groups: Annelida, Arthropoda, Mollusca, Echinodermata, and miscellaneous phyla 

(counted separately). 

 

Meiofaunal organisms such as nematodes and foraminifera will not be removed from the 

sample. Colonial organisms such as hydrozoans, sponges, and bryozoans will be removed 

completely from the sample. This includes all colony fragments and all parts of colonies 

attached to hard surfaces such as worm tubes, shells, or rocks (the substrate may be included in 

the vial with the organisms). Organisms will be stored in vials or jars containing 70% ethanol.  

 

The sorting process is accomplished as follows: Identification and enumeration of sorted 

organisms will be performed to the lowest taxonomic level possible, usually to species-level. 

The identifications will be done by in-house taxonomists, using minimum 10X magnification 

dissecting light microscopes and compound light microscopes equipped with 10X, 20X, 40X, 

63X, and 100X magnification objective lenses. Organisms should be sorted into the major phyla: 

Annelida, Arthropoda, Mollusca, Echinodermata, and miscellaneous phyla. All organisms will be 

sorted into vials containing 70% ethanol and tightly sealed with polyseal caps. The total number 

would then be estimated. Species diversity indices, aŀǊƎŀƭŜŦΩǎ {ǇŜŎƛŜǎ ǊƛŎƘƴŜǎǎ όŘύ tƛŜƭƻǳΩǎ 
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9ǾŜƴƴŜǎǎ όWΩύΣ {Ƙŀƴƴƻƴ ²ŜƛƴŜǊ 5ƛǾŜǊǎƛǘȅ όIΩύ and Simpsons Dominance Index can be calculated 

using the PRIMER Vers(5).The total numbers are represented as numbers /M3 

 

Analysis of sediment texture at artificial reef sites before and after deployment indicated 

varying patterns at each site with a tendency for an increase in coarser sediments at the sites, 

after deployment of artificial reefs indicating more sediment porosity, molluscan and 

crustacean fauna and hence more shell grits and carbon and calcium deposits. The 

macrobenthos in the sediment increases by 10-fold in numbers over the sediment from a non-

reef area. Annual patterns in phytoplankton, zooplankton and benthos composition indicated 

higher species diversity and density in artificial reef sites, compared to adjacent non-reef sites. 

The diversity indices observations indicate higher values for richness in the reef sites amongst 

the phytoplankton, Zooplankton, meiobenthos and macrobenthos and fish fauna (Species 

Richness, Pielou's Species Evenness and Shannon-Weiner Diversity Index). The rich nutrient 

profile gives rise to developing diatoms and microalgal populations and in turn supports the 

recruiting larval forms of shrimps, oysters, mussels, clams, crabs, fish larvae and echinoderm 

larvae and the filter-feeding organisms. The composition at all reef sites remained fluctuating 

between similar groups indicating uniform performance in terms of the reef output in Tamil 

Nadu (Kizhakudan, 2019).  

 

 

Fig. 24.  Benthos  
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CƛƎΥ нрΦ !ƴ ŀǊǘƛǎǘΩǎ ƛƳǇǊŜǎǎƛƻƴ ƻƴ ǘƘŜ ǇǊƻŘǳŎǘƛǾƛǘȅ ŎƘŀƴƴŜƭǎ -sediment benthos, zooplankters and the 

periphyton and plankton from the artificial reef habitat. 

 

 

 

 

Fig. 26.   Processing of sediment sample and microscopic analysis of benthos in a sediment sample 
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Fig. 27. Microscopic view of benthos in a sediment sample 

 

 

Fig. 28. Microscopic view of the periphytons and immediate phytoplankters around the reef modules 

after incubation 
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Fig. 29. Zooplankters surrounding the reef waters in the benthic realm. 

 

 

 
Fig.30. Benthic engineers and recyclers of the reef sediment habitats. 

нпκммκнлмт ммǘƘLC!CΣнмπнпbƻǾŜƳōŜǊнлмтΣ YƻŎƘƛ
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Fig. 31. Microbenthic forms which add on to the coarser sediment and shelled forms 

 

 
Fig. 32. Macrobenthic forms which are large-level converters 
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