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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 fothe propagation of resident populations within shelterettustures.

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-destructive fishing methodsnsuing

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

Since 1980, ICABMFRI has been working on habitat enhancement and improvement of
coastal productivity and livelihoods, through FADs, artificial reefsfishdstock revival and
restorations, with early trialn Lakshadweep, Tamil Nadu and Kerala. Since the turn of the
215 century, ICARCMFRI, through its Madras Regional Station in Chennai, joined hands with
the Government of Tamil Nadu in deploying actdl 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
ICARCMFRI was granteipatent for three designs of artificial reef@atent 197/CHE/2012)

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

Gujarat hae developed more interest in AR deployments towards coastal fishery and
habitat enhancemets. 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 Hsheries Animal Husbandry andairying(DoF, MoFAH&DNew Delhi organized

a National webinar on 29.08.2022 and subsequently on 24.11.2022 in wahiehm of
scientists and experts from CMFRI led by Dr. Joe K. Kizhakudan, Pl & PS presented the
research fidings 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 TheDoF, MoFAH&Bubsequently released an OM F.NBGD01/6/2022
DoF(E20799) dated10.10.2022 proposing to create 1200 AR sites by ZR2n 13
adrdSaxk! ¢a f2y3 GKS O2FadftAyS atNRY2UGA2Yy 2
I NOAFAOALFE wSSTa YyRk2NI {SI NIyOKAYy3IE¢ D

The DoF, MoFAH&Dntends to assist the States/UTs undixe Pradhan Mantri Matsya

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

ranching activities in their coastal waters as a-su@ i A A G& dzy RSNJ G KS I Of
a2RSNYy /2Faidlf CAaKAyYy3d +Affnsa@SS) diiponerk & OSy (
PMMSY. The Technical and scientific expertise of -lMIRRI 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 respectiv@eas/UTs, FSI, CICEF, CIFNET and

Sagar Mitras.



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

for conducting two days¢ NF A Y SNBE ¢NJI AYyAyYy3I LINRPINIY 6¢2¢0
Artificial Reefs for Improving Marin@ A 8 K SNA Sa A y-20LJ3hR20234&nd BAAIA y I »
Jan. and 01 Feb. 2023 and publish course manuals in Tamil, English and Hindi for the
benefits of the officials and trainees.

CKAAa ¢NJIAYSNRa ¢NFAYAyYy3 LINE I NItorbe 2oyidudtetldn A F A OA |
India. | congratulate the Madras Regional Station of ICMRRI for successfully
spearheading artificial reef programs in the state. | hope the training program and this
coursemanual will be of immense help to the potential trainersntiged from different

government agenciesottake forward the artificial reef program on a national scale as
envisaged under the PMMSY.

A. Gopalakrishnan
Director
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Artificial reefs- definition, history and status in India

Joe K Kizhakudan, Shoba &ehakudan, Divu D, Sreenath R, Mohamed Koyaoveson
Edward, Vivekanandai, Mohamad KasimH, KK Philipose, Rajamani M, Mohanf3j
RajagopalarM andRemya L

Introduction

World fisheries today face threats from several quartarsluding nomrjudicious 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 resourcaacreased 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, thereaisurgent need to evolve resourege

area, and habitatspecific 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.

‘ '\ v "".\q{.-"__.-\'

Fig. 1. Mechanizedishing vessels doad at Kasimedu, Chennai
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NEA2AdNDONBA LT YR bSgli2yT mdpdT 0 R FIEKA2a A AY [dis
RANBOGT 8 KREBSAINISRR iRR2y 2F o60SYOGKAO KIFIoAGEFGA®

{dzAGFAYlI0AfAGE Aa | RSOSLIAGS 32+t 06SOI dza$s
AAYLE ATARBSO22%aRSFY Ay Fl @2dzNJ 2F & YISIZKSS NIF AKAAK
ALISOASAE GKIG FNB FTRIFELIWGSR G2 gAGKadlyR RAAGd:
FAAKSNRASA YIyYyF3ASYSyld Aa29¥¥ | 1pdzSair2 wh oSANR K2 yi R

A2 KFd KIa KFLILWSYSR G2 2dzNJ O2Fadlft gl G6SNAK
ly ONBI aSR SELX 2A 01 GA2yRSIHSR 2 Ry B¢ a G WiHalia
AYONBI AAy3 RA&AZOKINHASA YR AyLlzia odGKSNJI
A2KFdG Aa KIFELWSYAYy3a G2 2dzNJ N RAGA2Yy+FE FAA&KSN
{SOSNBfe aiNBaasSR
AINB 4SS FTAaAKAY3 R2gy GKS F22R OKI AYyK
,Saza AMit B Re 06S8S3dzy I ¥S6 RSOFRSa ol O]
AINB 4SS aSSAy3a (GKS SyR 2F (2L) LINBRIFIG2NA I yR

Sazy aASOSNIf FTAAKSNASa FyR OFi0OK 0O2YLR:
RSOt AYSR®

As52 6S OFff Aii KEXKS $H NP RSD8 MR FNaBBaINGG dzi A 2 y K
LG A& | O2Yo0AYylGA2Y 2F 020K FYyR Fd GAYS

Al 26 KIFa GKS PNIKRBA (YA 22N (1A KFSNOA A KSNAE F R LJG
(KAFGSR G2 OFLAGEFEE AyaGSyairgsS STFF2NLaA
fAOBERA®?2

ALa&a adzailAylroAtAdGe YSFIyd G2 0SS aK2gAy3d KAIK

O2YLRaAlA2YyaKkK

b2y adzaidlAyAy3d GKS O2YLRAaAAGAZ2YS ot fl yoOSs
LINBRNIGEMN2 A NBGFAYAY3I GKS LINAYLFE adl diSa
A2 KSNBE | NB WSHER2AQYAY BMYidzSR KI NBPSadas AYyONBI as
WRAzOSR FTAa4K 432014 yR OFIiOKSaz 2@3SNEBI

FSSRO
ALa (0KS O2YLISGAGAZ2Y ONAYy3IAYy3a (GKS adz2NODAJI
OAIASNI P8I ¥SAaK¥I DSGGSNI SOK2 20 02NE  &adzlLi2 |
.Sax Y2NB Ay@SadySyda F2N oSGGSNI Ol LI
FRRAGA2Y &YX o6dzi NBRdzOAY3I YINHAYA YR (KS
A2 KIFIG KIFLILISya (G2 GKSNIYRANBRASNITIAY S RY 2 &R 267 I 1St
LYONBlIaAy3dfe @dzZ ySNIroftS: FyR (KSe fA@BS
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Fig. 2. lllustration of changes ihe fishing scenario in coastal waters from 19®60 to 20062020
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Fig. 3. Fishing boats used lbvalam,TamilNaduand SassoorDock, Mumbai and hooks used in
hook & line fishery in Mumbai

Artificial Reefs

Artificial reefs arestructuresset 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 bae for the propagation of resident populations within sheltered structures.

Artificial reefs promote habitat recovery/enhancement and boost aquatic bibtdNIi A F A OA | §
NESTa IINB adooYSNHSR 62N LI NIfe SELRASR G2
aSF6SR G2 YAYAO &2YS TFdzyOtAzya 2F | yI GdzNJ
O2y OSYUGNI GAY3 YRK2N SYyKFIyOAy 3 132 LAdt Of (dxReS/EA
LIN2GSOGA2Y YR NBASYSNI GA2Y 2F KFIoAGFGAD ¢ K¢
VIEGdz2NI £ SO2aeaidsSY 6KAES R2Ay3A ay2 KI N)Y®E

There is often a misunderstanding on the use of Fish Aggregating DévisB#Artificial
Fish Habitat{AFH)and Artificial Reefs (AR)Vhile FADs andAFHsare temporary aid to
aggregate certain varieties or species mosthsurface omid-water realms,ARs are more
longterm habitat reconstruction programs to protegbyoduce and process a near similar
natural reef like faunistic community built up and sustain it for several years.

14



Fish Aggregating Devicase structures or devices deployed in aquatic bodies to lure fish.
They may be permanent, seipérmanent 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 objédiese devices
have been in use for oveghousands 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 explojtdtien
deployment and proliferation of FADsV&influenced harvesting practices and become the
concern of fisheries managers (FAO, 20E8Ds increase the chances of selective fishing
from spawning aggregations or juvenile aggregations, causing an eventual recruitment
overfishing or growth overfishing. Sasikun@ral. (2015) report that the extensive use of
FADs for cuttlefish fishing alg the Karnataka coast has led to recruitment overfishing of
the species in the eastern Arabian Sea, with a reductiaghe@mumber of recruits from 93.2
million in 2008 to 35.6 million in 2013. The use of synthetic-bimdegradable material in
place of mtural plant materials adds to the load of marine debris and pollution in the
coastal waters.
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Fig.4. Traditional fish aggregating devices using coconut fronds, palm lealleespesiapp. and
Acacia niloticatree branches, granite stones, etc.

In coastal marine ecosystem&Rsoffer a platform for coral populations and increase
abundance of reetlependant biota, including fishery resources. Their primary action being
on the potential recovery of naturakef 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 throtighdeployment of coral
implanted reefs. The advéege of this would be developing fishing grounds close to shore,
easily accessible to traditional and nrdestructive fishing methods.
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| NIAFTAOAL f CINBSTHIA TEOAT dzRS af I yRax OFoft Sax LAL
A0NHzZOGdzNBa F2NJ O2F aidlt RSTFSyOS 6S3d oNBF] gl (
F2NJ 20 KS NartificldzNdel8 ar& mabagement tools, which if applied in the right
perspectie, can prove to be great promoters of habitat recovery and enhancement and
aquatic biota population boosters. NI A FAOA I f NBST GSOKyz2f 238 KI 2
3t20S F2NI 620K KIFIoAGEFEG FYyR SO2aeaidSy &dyKIFyoOS
Advantages of an Artificial Reef

Artificial reefs providesuitable shelter for several groups of reef dependant fishes,
particularly thosethat aggregate in such habitats for breeding. These structures easily

attract smaller organisms which are vital sowsadfood for different marine species. They

also serve asisual referencepoints 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 necsary for the fishermen to locate fish gatherings. These

reefs, if properly constructed and properly buoyed, can be used to enhance existing rough
bottom habitats anddevelop quality fishing groursclose to access area&. wellplanned

and constructed reefis 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 complerrganisms which

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

telLiSa F NBSTa

t N2 G SYOUASAEYOK | YR &aK2NBftAYyS LINRGSOGARYI fatl NBZOS
g @S apsStfta yR NBRdAzOS (GKS AYLI Ola 2y (KS &as
[ 2y aSNDI G A 2 yNGAHHIySO (KdzloNBiY Ga |y R NBASNIISAE T2NJ i
NI} yOKAYy3 &aSftSOG alLlSOASa FyR RS@St2L) aSaidtSyYsS
t NP RAXOGAa @y GAY2RdzE S IdRiSYoFe@NR2ZETKANBEBAGHOSYSY
Ydzft GALX AOFGA2Y YR FTAAKSNE adadaSylryOoS yR FA
WSONBla@2R2a4$a |yR RSLI2eYSyida RSaA3IySR F2N ¥
RAGAY A SYWIRK dedNiRFYA2(63® S O2 G2 dzNR &Y

. NBSRAY I |y KAWENFEONITE (kNI ROAAIYSR NBST Y2Rdz S
K2f RAY3 YR ydzZNEAY3I SYBANRBYYSyYyGs (G2 LINRY2GS
CAAKSNE | YR[RHFOESOOCKB2RESRUAYAGFIttlrGA2Ya GAGK
ydzYo SNBA @ENKATFTASR YR yIFGdzN} € &0NHzOG dzNB a ¢

I NBFiA2y 2F I NINBKOARY 2% f ¥REFIEAXESa YR R
YE1S FNGAFAOALFE Y2dzyda 2NJ aGNHzZOGdzNB&a (2 ONJI
NBEIA2Yyd ¢KS&S I NBIU ARSI 2REROENE (KISt (O2& i NSy
RSLIIKA®

LISttt AYI NBSTAY TR WI NRIAdA /Sy B (MG gAL Ea 2y (K

6 BNBI 1Ay 3 1 2BRA TR 2% RIDBSy i+ NBE ydziNASYd Vv
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g GSN) O20INFWARKYzA o6l asS | yR &adzlJL) SYSyida F2NJ

LINAYFENE YR &aSO2yRINE LINPRdAzZOSNA ®

I NBlFGA2Yy 2F OdNNBYyGSAG&t RRFVHIELISONBADRYE RS

RSLX 28SR Ay FNBlFa gAGK Y2dNE a8 R6Ff & deNBRIRZE ISy

adZA SR (2 ONBIFGS Y2NBE OdZNNBya @ XKKl R 2% IRARNSO

GKAOK Oy &dzLILI2 NI LX Fyla2y O2f2yASaod

adzf GALX Say LWzZNIGRaYSAYF GA2y 2F Y2RdzZ Sa | AYSR
(0]

A A

O2yaSNDI GARWISNIKONPOGAZ2YE a A4 RSAANBR
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Hg. 5. Artificial reefs deployed for various purposegal ARs for protectionib] ARs in a Marine
Protected Area (MPA]c] ARs for recreation and touristfd] ARs forming seamounts or cones
[e] ARs reefs for upwellin§f] ARs forming shadow/wake regions
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Artificial reef R&D and deployment in India

Since its inception in 194The Central Marine Fisheries Research InstitW@ARCMFR)

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 inre thes
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, increasingdishiensity 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 taaln ones, causing irreparable
changes in the community structure and ecosystem functioning. The increasing pressure on
the available fish stocks, anthropogenic inputs, climate chae{ged stress and increasing

sea food demand and nutritional requiremiehas only aggravated the marine fisheries
scenario with increasing pressure on the critical habitats and fisher livelihoods.

Since 1980, ICABMFRI has been working on habitat enhancement and improvement of
coastal productivity and livelihoods, thromd-ADs, artificial reefs and fish stock revival and
restorations. Initially, & S @S NI £ b Dih @6 fisherdNdedtoy Ekeéhe South Indian
Federation of Fishermen Societies (SIFP&gramme for Community OrganizatigRCQO)
Trivandrum, Loyola Sotidervice Centefrivandrum Murugappa ChettiaResearch 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
villagesin the south-west andsouth-east coast of India. CMFRI initiated R&D works on
artificial reefs in the 1990sAn experimental deployment was conducted in Minicoy,
Lakshadweep and Tuticorin duriige early 19 n Q aCMieRé A National Workshop on
Artificial reef buildng technology and farming was conducted at the Trainers Trag@nge

(TTC) at CMFRdochi in 1996.

Two reefs were deployed off Vizhinjam1997 by ICARMFRISubsequentlydeployments

were conducted with funding support from thBepartment of FisheriesGovernmentof

Kerala during the 19992003in Poovar in Trivandrum, Dharmadom in Kanoodady in
Kozhikode, Thikkody in Kozhikgdend Muttom in Kannur districtscoveringan area of
nearly 50,000 sgm. Different AR structures deployed in the coastal waters south of Chennai

in the 2000demonstrated the potential role of AR in resource enhancenatt increased
economic benefits. Catches from the deployed sites comprisedighquality fishes,
fetching fishermen better economic returns per unit effort (Vivekananaaral, 2006).

¢l YAf blIRdz KFaX Ay NBOSyid &SIFINER>X 06S02YS |
RSLX 28YSyid Ay O2Iaidlft g & SRES / UnPdvIDOB] theS OK Y A
Department of Fisheries, Government of Tamil Nadu, has deployed artificial reg@g5in
coastal sites spread acro$8 districts along the Tamil Nadu coast, with technical assistance
from Madras Regional Statioof CMFRI, ChennaSince 2011 the IFABRassisted Post
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Tsunami Sustainable Livelihoods Program@ SLP)f Tamil Nadu Corporation for
Development of Women (TNCDW3overnment of Tamil Nadhhas also come forward to

deploy artificial reefs along the Tamil Nadu coast, vigsites completed by CMFRI and 42

sites done by the National Institute of Ocedachnology (NIOTPther NGOs and agencies

have together deployed artificial reefs in another 22 sites in Tamil Nadu duringZXiZi

CMFRI, in association with NTPC (€®Ring) 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 10@@nam deployed (at

15 m depth) alonghe Mutyalanmapalemcoast of Andhra Pradesh in May 2015.The total

area covered by 210 units is 100¢ with a surface area of 2781.82mCMFRI has also
undertaken! NI A T A OA I-d | &FS\R KY IKNJOYASI  $02aeaidSyYy NBaG2N
2FF . KFIRNBamdi NEOGVGdziDd2 5N G 2y O2yadzZ GFyoe
2 St FINBR2WYNR GA22y 5SLI NGYSYGs D2OSNYyYSyid 2F D
NESFT Y2Rdz S& Ay mH OfdzaiSNARA 2FF . KIRNBagl N
CMFRI has also been conductimgdges to assess the state of mu@ation of artificial reefs

deployed atdifferent sites alonghe Tamil Nadu coast, and collect information to assess the

impact of artificial reefs on the natural habitat and its biodiversitige team at the Madras

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

the developmen of suitable reef designsstructures and densities inthe promotion of

habitat formation in the near coast, for the past two decades in Tamil N&dweral

patterns, materials and sites have been studied and-sitecific programmebaveevolved.

Recenty, the Institute was awarded patent rights fBatent 197/CHE/2012.

Fig.6. An artist@ 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 Jo&izhakudan, Joe K Kizhakudan and Remya L

Global strides in artificial reef R&D and deployment

HistoricallyA & &l a 6Stf dzyRSNARGU22R o0& GUKS O2lFadlrf o
the rock patches, sunken ships and vessels and submerged coasthings 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 Kerald &amilNadu 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 reefsvere 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
subsequeniy exploited by local fishermen between the tuna fishing seag®iggio 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 centwey aft
World War Il, and was adopted in the Mediterranean Sea in the second half of 1900s.

TheJapanesare the world leaders in artificial reef technology for commercial fishery
enhancement and have been creating artificial reefs since tHecd®ury; the maerials

used are of high quality like concrete, steel and glassforced plastic. In th&SA, the
artificial reef programs of many maritime states are run for the benefit of recreational
sports fishing, (SCUBA) diving, commercial fishing, waste dismoshl.environmental
mitigation; the materials used amaostly waste, including concrete, rock, construction
rubble, scrap tires, cars, railway carriages and ships. Only Japan and the USA have a national
development plan. Malaysiand thePhilippinesuse wasge tires to build many of their
artificial reefs. The central Visayan Islands of Ridippineshave beenknown to use 1600
pyramid bamboo modules. Australia@efs have been built from materials of opportunity

such as tires and redundant ships; thesefgeare used primarily as a focus for recreational
angling, and SCUBA diving.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 reefswere p 2y SSNBR | f 2y 3 (KS aSRAGSNNI ySI
At present, most reefs are still associated with scientific  research.
Italy, Franceand Spainhave been the most active reélilding countries since
1970.Spainis placing more artificial reefato its coastal waters than other EU coues In
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1991, ltalian artificial reef scientists for thiest time formed an intefEuropean reef group
to encourage liaison between research groups and other assocsaifdhe Mediterranean.

The main purposesf these deployments were to enhance fisheries and improve fisheries
management. The increasing interastartificial reefs has given rise to the organising of the

first International Conference oArtificial Reef andRelated Aquatic Habitats inTexas, US

in 1974, and subsequently iBrisbane, Australial@77), California(1983) Florida (987),

California {991), Tokyo, Japari995, San RemdlP99, Mississippid005, Curitiba 2009,

Turkey 2013, and Malaysia (2017)e®eralmanagementguidelines hae been developed

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

reefs in the European seas (OSPAR, 1999; {MMER 2005; London Convention and
Protocol/UNEP, 2009; OSPAR, 2009e London Convention 1972, UNIS and Basel
Convention 1989, Mediterranean Action Plan and the Barcelona Convention 1995 lead to

the development of dgzZA RSt Ay Sa F2NJ (0 KSI fJ A OSYNEFVANSIRE Y I
RAaALIRAIET 002yaiNUzOGAAYt2FTHAMNIATALDADO @ NBS T &
SYGSNBR Ayi2 SyF2NOSYSylGod LY wnny &aLISOAFAO
GSNB SAGKAY GKS O2yGSEG 2F (KSy [/22WR2SY (/A2WD S
t N2 G202t k! Noplacement ofgnatter 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 redet Contracting Party.
h{tbwQ{dZA t AGlYI HAMYyO®

In 2009, FAO General Fisheries Commission for the Mediterranean (GFCM) iratiated
debate on the use of artificial reefs in the Mediterranean and Black Seas, especially to
enhance and manage fisheries andhfng resources (GFCM, 2010). This issue has been
addressed during the annual meetings of the &dmmittee on the Marine Environment

and Ecosystem (SCMEE) that led to an ad hoc workshop in January 2011 (GFCM, 2011, 2012)
for developingthe guidelines andmanagement 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 effecevmethods for enhancing and protecting natural resources as

well as improving fisheries and aguaculture opportunities.

The objectives of thesguidelines were:

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

2) to assist the countes in the planning and deployment of artificial redfased on
scientific criteria;

3) to avoid pollution or degradation of the aquatic ecosystem due to the deployment of
unsuitable materials as well #se 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, gamg
management and socieconomic 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 liv#hood options for coastal traditional fishers

10) To extend habitat restoration, reproductive refugia, nursery grounds and predect
areas under vulnerable or threatened stages.

11) To extend impetus to sustainability in fishing and improve fisheym&rnance.

European Programs in the Mediterranean SeBhe Mediterranean region is one of the
g2NI RQAd NAOKSaid O0A2RAQOSNEBAGE alLkRia K2adAy3
28% of them are endemic. Nearly 150 million people live borderingetlemastal 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/, Itia@g, Spain, Tunisia,

Malta, Monaco, and Turkey introduced over the past 50 years were aimed at promoting
smaltscale fisheries using gill nets, trammels, and traps (Bombace et al., 2000; Pelini et al.,
2008; Gianna Fabi et al., 2014nd to deter illgal 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 framewogkand protocols in the programs. In Monaagrowing

corals was the objective whila iMalta it was diving. In France algmearly 90,000 rfof

artificial reefs (concrete) have been deployed in 20 sites. Since 2000, ten reefs (concrete)
have been developed around the islands of Greece, each coverit® R8).km. Israel
deployed reefs basadly 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 trawlings a primary objective. Spain is the leader in the group with

over Mmno AA0Sa O2YLX SGSR F2ff26Ay3d daSiK2R2f
t £ I OS Y-Prytéction, production and impedg trawling. Tunisia developed programs

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

Sustainability of Artisanal fisheries in Portugal in the Gibraltar Stralthe Portuguese

Fisheries and Marine Science LdBIMAR deployedrtificial reefs in the Southern Portugal

Algarve. Initiallythey were deployed for protection in 1990 with talrgctures and later

production reef modules in smaller sizes were introduced. Nearly 21,500 units in 45 sg.km
GAUK |y FTNBF 2F AyFftdzSyOoS 2F tn &4l 1Y®d 5dzNR
reduced by 50% and since the introduction of artificiaefs, traditional fishing and
livelihoods were revived. This is perhaps the largest reef deployed in Eu@ekm long

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

Mexico -Yucatan Peninsulatarted artificial reef prograns in the seventies with sunken
ships and then barrages. Later in Campeche in 188&ules for fish production are
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introduced. The fish production rates increased by 10 folds and the species abundance
improved from 23 to 49 species.

The Japaase experienceThe initial deployments using stones in 1952 saw improved
aggregations and ease of fishing in littoral and intertidal zoilme$974 the Coastal Fishing
Ground Improvement and Development Law was introduced and by 2001 they had covered
20,00 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, USM a recent turn of eents the Chesapeake Bay
Foundationwasorderedin July 2022to 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 wirsticking out of the water when te Virginia Marine
Resource Commissidound 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 te need to ascertain that the artificial reef will not have any negative
impacts on the ecosystem it is placed in.

2

Fig.7 Types of reefs deployed in different countries for diffeent purposes.
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Design, fabrication, and testing of artificial reef modules

Joe K Kizhakudan, Shoba Joe Kizhakudan, ResngStnapathi P

Artificial reefs were earlier thought to be a disposal end to waséterials such as cars, boats,
aeroplanes, tanks, tires, appliances, mgs, and demolition articles. It is often much cheaper to
just dump these materials in the ocean than dispose of them in a landfihy of the reef
structures built in the early 191 Qa ¢ SNB L[SIMBe tidaf udsighlyaerap materials.
Then the concern among scientists increasdten theyrealisedthat 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 madof materials

that will not corrode and collapse.

Building an artificial reef
The two major conditions that need to be satisfied before embarkingherestablishment of
artificial reefs along a coastal stretch ag¢i) suitability of the site andi) suitability of the reef
structure, both design, materiaghnd 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 degn and development of an edaendly reef remains a challenge
The stability and complexity of artificial reefs determine the amount of fouling (organisms
attached to the substrate) andhe numbers of resident species. The more complex the
structure, themore diverse the resulting community will be. The spatial arrangement, number,
and size of openings will determine the types and numbers of organisms prddahitat
choice is probably a determining factor of larval settlement in structuring the commbuity
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 andestpotential 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 becausehey cover a greater horizontal space of the seafloor (Pickering 1994). In
2Kyal 01 Qa mopdpn aiddzRé> fFNHSN)I NESTa 6SNBE F2dzy
smaller reefs promote greater diversity through recruitment. The more dispersed tee re
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 o reef is critical to the survival of the structure atiek 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 mayse Hile use

of these materials varies in different parts of the worlthe 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 transgation 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 reefmaterials, and [8] longange cost and benefitd9] Artificial reefs should be
within easy and safe access of recreational visitors and/or fishermen.

Table 1. Purposspecific 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 Japathe dominant material is concrete. Japan also uses steel and fiberglass.
Tires are used in countries thhave poor artificial reef management programs. In Australia,
Jamaica, and the Philippines, tires are considered-togit durable materials. The United
States and Europe view tires as a source of pollutant leaching, however, the United States
nevertheles continues the predomimd use of other materials of opportunity. There has been

a serious shift worldwide towards using materials dedicated satethe creationof artificial

reefs. This allows for better designs and more effective reefs. They cgreb#ically 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 favable for artificial reef construction. It does not
degrade in seawater, can be made to have neuitdl is easily madded and isnot 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 andhet plastics are also very midable, do not degrade, are easily
transported, but are not as stable due to their lightness and are typically smooth textBed.

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

of currents, burigland storms? If the reef is placed in an area of strong currents such factors as
scouring must beconsideredalong with the potential movement of the reef. Scouring under
the edges of artificial reefs can result in the burial of thef. 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 seaater. Each of these materials has benefits and drawbacks.

The materials used for reef construction are to be selected with utmost caufibay 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 Foundesmrdered 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@a 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 K+ Ay 3 Ada &A0GNHzOGdzNF € AyaGSaNARGe O2YLNE
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 heavyweeld sink and

disappear into the bottomin 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 thugh 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
(shadbw-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 aggregatdmore spreaebut reef hashe potential

for a greater number of different niches due to a larger area covered. Reef size significantly
influencedthe 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 laef®frequal
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 colt®ito occupy the reefs. Benthic species
occur in greater numbers when the reef bottom area is larger while height does not affect their
numbers. Midlevel species prefer reefs with a greater vertical profile. Several studies have
identified that reef sizesignificantly 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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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 andassociatedspecies

Type of reef Species/resource

Low profile reefs major sport fishery demersal (benthic) species such as sea
basses, groupers, snappers, crabs, lobstel
flounders, codfishes, tautog, rockfishes,
sheepshead, seatrouts, croaker, black drul
porgies, grunts, groupers.

High-profile reefs- increase productivity pelagic species: mackerels, jacks, bluefish
spadefishes, amberjack, tunas, barracuday
and cobia

Hoatingreefs 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 importaointider

both the engineering aspects and the scope of the artificial reef when planning the reef units
and/or the red 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). Seaplenits can

be assembled in reef sets to increase the thddmensional complexity of the reef, hence
enhancing its potential in the recruitment of larvae of benthic organisms and fish species. For
the same scopedifferent typologies of reef units andf reef sets can be used to create an
artificial reef. The $ape, 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 laase 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 tbe design and spatial
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arrangement of the structures. Asprecautionary 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 producticof artificial reefs is to increase the productivity of the
aguatic environment and promote sustainable utilisation of the resources. When opportunely
designed, artificial reefs may increase the biomdbkas increasinghe 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 stdgasgeted 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:

A Recovery of depleted stocks, by increasihg survival ofjuvenilesby providing shelter
and additional food;

A Enhancement of local fisheries, by aggregating and establishing permanent populations of
fish at suitable fishing grounds;

A Shifting the fishing effort from an overexploited resource to other resourees; 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 regivelling species;

A Compensation for a reduction of fishing effort: when there is the nfededucingthe
fishing effort of trawling in an areahe production of artificial reefs can be used in
negotiation to create new fishing grounds allowing fishermen to shift towards more
selective fishing activities;

A Development of extensive aquaculture of adg and molluscs, providing suitable
substrates for settlement.

The modules generally used for productiariificial reefs should bspread out of various
shapes, and should have an appropriate amount of surface area and niches of various
shapes and szes 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 sessil
organisms.Rough surface textureenhances benthic settlement providing refuge and
supporting greater diversity. Consequently, it also affects the fish assemblage attracting
fish grazing.

Besides food availability, composition, diversity and abundancéhefreef, 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, influenbes
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demography and population dynamics of the reef fish assagdél Hence, to host a
permanent community, an artificial reef must provide adequate habitatguveniles and
adults. Based onthe fractal crevices theory in structurally complex natural or artificial
environments large crevices are much rarer than smallees. Consequently, the artificial
reefs can host more small and meditsized than large organisms which tend to migrate
outside. Therefore, the placement of larpeled reef units (especially in marine protected
areas) could avoidhe depletion of broodstock by fishing and enhance the reproductive
capacity of reef fish.

Other factors that should beonsideredn planning the artificial reef structures are:

A independent of the size and the life stage, generally fish prefer cavities where there is
light and with many openings to enable themescapdrom predators;

A size, numberand orientation of cavities should match with the behavioural features of
the target species, such as whether they are territorial or gregarious;

A the overall design of artificial reef structures should assure adequate water circulation.
Regardinghe shape of the reef units/reef sets, it is well known that the affinity of several
aquatic organisms towards the artificial substratesigawidely 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 idgrtibse 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.

CMFRhasbeenexperimenting with several desigmgich includeg

A Camcrete rings

A 0ld tyres/fixed ora concrete bed

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

A HDPE pipe structures

A Rectangular bokke Circuladense)

A Tetrapod

A Triangular module§130kg)5 feet height units

A MOUwith Intermediate Technology Development Group, London and the Southampton
University (1995) design of 5 feet triangular fish reef module took place (kgpand so
was the module placement technique engaging the traditionaltsratf Trivandrum

A Concrete Artificial Reef Moduleparticulars

Three types of artificial reef modules developed by CMFRI are Grouper Fish Module (GFM),
Reef Fish Module (RFM) and Well Ring Module (W&M)threegenerational modifications

have beenadopted over a period of timebased on field trials and observationSince the
development of the standard modules for three classes of fishes (Reef-fisbealliesbreams
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perchesTriangular/pyramid module Benthic crustacean faundVell ring or flower module

and the codsyrouperseel Tubular Pipe module[Patent 197/CHE/201p &/ SYSy G | y R
O2yONBGS VY2dzZ RSR I NIAFAOAILIET NBST G2 badNBI
sizes have evolved based on the observations in performances, stabiétilife, compatibility

with the fishing gears and substratum and the dynamics of the seabed and reef fishpouilt
efficiency.

I-Smx fm

Fig9. Different designs of AR Modules trailed by CMFRI
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Fig10. Earlier designs of AR Modules trailed BMFRI

Generation A2009

Grouper Fish Module (GFM

6 mm MSreinforced, with concrete (RCC) pipes (3 n@8Q mm ID410mm ODdia x 1000mm
length, fixed and plasterednd housed inside the triangular slab structuren(¥ 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 concretedule (1.2 m x 1.2n x 3 slabs o2.5-inch
thickness). Each slab has 0.23 x Gr28quare opening in the centre @&mp; 0.15m dia circular
holes surrounding the central square opening (12 nos. / slab)

Well Ring Module (WRM)

6 mm rod reinforced concrete Well Ring (overlapping) Module$ @ dia rings (3), 0.45@m
depth, 65mm 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 freshater

PLAN AND ELEVATION OF THE ARTIFICIAL REEF MODULE

MORTAR
PACKING

GROUPER FISH MODULE 1200.0 mm

REEF FISH MODULE
WELL RING MODULE

Figll. Dimensions of diferent reef modules
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Generation B. 20122015

A. Grouper fish module (GFM)

1000mm L X 30m ID(430mm OD),65 mm thicknesss mm MS rod

3 pipes held 26nm by HDPEope and loop for lifting

Rough cast plastering,mm baby jelly

B. Well ring module (WRM)

760mm ID, 890 mm OD, 450 mm depéymm MS rod

20mm HDPE rope and loop for lifting

Rough cast plastering,rBm baby jelly

C. Reef fish module (RFM)

1200x 1200mm 3 slabs6 mm MS rod

mortar packed corners intoiangular hut, rough cast plasteringndm 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.

Figl2. A ¢ Module type | (150 no3g; B- Module Type Il (15675 nos) & G Module type IlI

(200275 nos)

Twoweeksof curingwith fresh wateris requiredfor all the above modules
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Generation C. 2016

D. Grouper fish module (GFM)

1000mmL X 306nm ID (40 mm OD)75 mm thickness§ mm RDS rod

Fused pipes with holes coir loop for lifting

Stucco 12 mm plastering, T0m baby jelly

E. Well ring module (WRM)

760mm ID, 890 mm OD, 450 mm dep&mm RDS rod, 75 mm thickness

20mm COIR ropand loop for lifting

Stucco 12 mm plastering, TOm baby jelly

F. Reef fish module (RFM)

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

mortar packed corners into a triangular hut, Stucco 12 mm plasteringyribaby jelly

20 mm coir rope and loop foltifting

Each slab has a central window 230x23® and 12 peripheral holesf 150 mm dia
Reinforced cement concrete of M30 (OPC)43 gradelS8112 as péb@280 (440 Kg/M3)
using 20mm and 12 mmgauge HBG stongelly. With water cement ratidd.45 andsuper
plasticizer 250nl/50 kg cement. Stuccplastering 12nm HBG chips of 1dm CM1:5mix x12
mm thick

The recent versions are treated and cured for 3 weeks with freshwater and seawater for a week
before the deployment.

Fabrication atthe site, inspection and verification

Duringthe evaluation and testing of the modules, it is imperative that

A The dimensions and concrete mixture are to be checked

A The rodsizes, curingeriod and the stucco plastering thickness

A The cement grade and the plasitier

A Thestrengthand duraility are to be tested between-28 days of fabrication.

A (Fineness Test., Consistency Test., Setting Time Test. Strength Test., Soundness Test., Heat of
Hydration Test., Tensile Strength Test., Chemical Composition Test.)

A The modules are numbered and arrangedeasy shipment and loading.

A 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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Fig14. Fabrication of AR Modules
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Fig15. Fabrication of AR Modules
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Table3. The evolution of artificial reef modules developed by IGARIFRI, with their dimensions and constitution

S. Name of the | Sizes Thickne | Stucco/ Additional remarks Fishery resource Weights Functions
no. | model LxBxH Ss Rod
1 GEN. | 12mx1.2mx3 | 63.5mm | Concrete Rough cast plastering Snappers, 250-350 kg | Shelter and attract
REEF - slabs 1:1:2, 5 mm baby jelly perches, :
PYRAMID 6 i MS foragg fishes, house
FISH benthic forms,
MODULE production units
2 G. 1 Encased inside 63.5mm | Concrete Rough cast plastering Groupers, eel, perches 400 kg Home for big
GROUPER slabs on all 1:1:2, 5 mm baby jelly
FISH sides, 280 mm ID 6 mm MS predator_s_ and Kee_ps
MODULE 410 mm OD dia x the mobility of fis in
1000 mm length ease and develop
corridors
3 G. 1 0.76 mm dia 63.5 mm | Concrete Rough cast plastering Crustaceans, gobiids, 350-450 kg Stoppers in the
(WRM)WELL | rings (3), 0.450 1:1:2, 5 mm baby jelly wrasses, cardinals sediment. secure
RING - mm depth, 65 6 mm MS !
FLOWER mm thick platform and
MODULES chambers
crustacean recruit
houses, production
units
4 GEN. Il 12mx12mx3 | 63.5mm | Concrete HDPE ROPE 18 mm Snappers, perches, 500-550 kg | Shelter and attract
REEF - slabs 1:1:2, damsels, zanclids, Lions -
PYRAMID 6 mm MS fishes, forage_ fisheshouse
FISH Wrasses, rabbits, benthic forms,
MODULE surgeons, corals production units
5 G. 1l 300 mm ID 430 63.5mm | Concrete HDPE ROPE 18 mm Groupers, snappers, sea 650-750 kg Home for big
GROUPER mm OD dia x 1:1:2, bass, damsels, eels,
FISH 1000 mm length 6 mm MS sweet lips, grunters, predators_, and _kee_ps
MODULE the mobility of fish in
ease and develop
corridors
6 G. I (WRM) | 0.76 mm dia 63.5mm Concrete HDPE ROPE 18 mm Cardinals, 550-650 kg Stoppers in the
WELL RING- | rings (3), 0.450 1:1:2, crustaceans, .
FLOWER mm depth 6 mm MS lobsters, sea lilies, corals, sediment, secure
MODULE platform and

chambers,
crustacean recruit
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housesproduction
units

GEN. Il 1200x 1200 mm | 75 mm MP 90PC) | 20 mm COIR ROPE Snappers, perches, 650-750 kg | Shelter and attract
REEF - 3 slabs 43 GRADE damesels, zanclids, lion .
PYRAMID IS 112 fishes, forage fisheshouse
FISH BIS-456- wrasses, benthic forms heavy
MODULE 200 (440 rabbits, surgeons, and hence creates
kg/m?3) trevallies, breams, corals, more wake regions
20 mm and groupers, rabbits, . gion
12 mm squirrels increased substratun
HGB stone
jelly
G. 1l 1000 mm L X 75 mm MP 90OPC) | 20 mm COIR ROPE Groupers, snappers, sea | 800-900kg Home for big
GROUPER 300 mm ID (450 43 GRADE bass, damsels, eels,
FISH mm OD) 1IS112 sweet lips, grunters predator_s', and _keeps
MODULE BIS-456- the mobility of fishat
200(440KG ease and develop
/M3) ;
rriaor
20mm and corridors
12mm HGB
stone jelly
G. Il (WRM) | 760 mm ID, 890 | 75 mm MP 90PC) | 20 mm COIR ROPE Cardinals, 650-800 kg | Stoppers in the
WELL RING mm OD, 450 mm 43 GRADE crustaceans, -
-FLOWER depth IS 112 lobsters, sea lilies, corals, sediment, secure
MODULE BIS-456- goat fishes, clowns, platform, and
200 (440 wrasses, chambers,
kg/m3) ;
26 mrm and transplanting spaces
12 mm crustacean and
HGB stone cardinals, damsel an
jelly ornamental recruit

houses, production
units
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Selection of villages, benchmark studies and formation of Reef-Sub
committees

Joe K Kizhakudan, NarayanakurRaGeethaR Shoba Joe Kizhakudand Remya
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Fig.17. Primary stakeholder meeting

Given a coastal district and list of fishing villages and landing centers, the screening for
potential villages has to bdone with the information collected using a questionnaire for the

following details-

A. Name of the village/hamlet /details of the pareyyath /FCS/society /Association
B. Screening information:
1. Number of active fishermenl/traditional fishers and hook and line operators
Important fishing grounds, reefs, coordinai@sd resources
Important fishing gears and crafts
Access to nearest markedsd cities
Adjacent natural reef areas or AR sjtes
Adjacent villages active in traditional and hook and line fishing
Rocky or limestone substratum areas as botfom

N gk owN
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8. Nearest access to industries and outfalls/dischatgetensions/jetties
/remnants/rigdplatforms;

9. Distances from or to thesalt pans/marshes/river mouths/ETP discharges
/desalination plant outlets /thermal plant outlets

10. Does the proposed area fall under the MPA/seagrass Iseds/eed beds/coral reef
areas kanctuaryho-take zonesprohibited zones et¢

11. Average tidal amplitude/current speeds/and turbidity anthe possibility of
sediment transport if arny

12. Does the proposed area fall in the wayhafrbors and port®r admiralty/important
navigation of ships, vessels, tugs and deéeressels

13. The exten of fisher intent interest, consensusand minimal conflicts within and in
neighbairhoods.

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

the fishing practices, intensity, fishing graiand resource specifics, very essentialThis is
done through aPrimary Stakeholders Meet (PSNf)the concept is agreeable to a select
group and fishers are keen to know furthabout 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 assemblywith prior notice to all the active fisherggaders and youth along with the
State Fisheries Department offigaland representatives of SHGs, NGOs, and service
wings/Cooperatives/FederationSicieties. At The Secondary Stakeholders Meeting (SSM),
the detailed proposal is discussed with all scientific inputs, displays and video/ppt
presentations. With the approvalfahe Panchayat and leaders, aArtificial Reef Sub
Committee (ARSC}p 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 ttafficials. Their contaatetails andxerox copies oRAadhar

cards are gathered and an agreement is exchanged between the village heads and the
implementing Agency wherein these details are shared.

A few naoconflict/tentative proposed sites (directions andoordinateswith depth)
suggested by the leaders and the ARSC memdiersoted down and a tentative date is
fixed for physical site verificatipnand the members and boats assignede also
ascertained.

The next activity is the conduct of the primasgcio-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 enumeratans! the data is to be gatheredlithin a set time
frame. (Form annexurel)
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Fig18. Secondary stakeholder meeting

Fig20. Socieeconomic survey
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Fig2l. Signing of MOU & Agreement

Points to be discussed with the fishers

N O kwNPRE

8.
9.

Resource constraints and reality

The ntensity and increased efforts into fishing

Declining diversity, economic outputs, shares and scope for expansion

Coastal resourcein scant andso does livelihoods

Increasing water temperatures and other interventions

The ncreasing cost of living and deprivation of basic needs

Options: Improvehe resilience of coastal communities by improving economic returns
through sustainable fishing practices.

Revive fish habitats and resource multiplication.

Renew fish diversity /biomass and local production

10.Introduction and management of Artificial reefs asmeans 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 othook 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.Creatirg an ownership attitude and inclination towards seeding and farming, thus
brightens the prospects of sea ranching and restocking.

15.Being a partnerin creating and stabilizing fish diversity and wealth, towards
sustainability.

16.Being a partnein the conservaion 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.

ENHANCEMENT OF BIODIVERSITY & LIVELIHOOD BENEFITS

L\“fs, Q Sustainable Fishery

Protection

e

Habitat
. Rehabilitation & <
Renovation :

. Village 2. Panchayat 3. Society
. Active Fishermen

. Fisheries Department

. ICAR-CMFRI

Fig22. Artificial Reef SuBCommittee Organization & management objectives
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Site selection criteriasample collection and analysis

Joe K Kizhakudashoba Joe KizhakuddtaladhararP, ThirunalaisevanS PoovannarP,
Mohan Sand Sitaramacharyully.

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 ghenary and secondary
stakeholderS€meetings,on the proposed dates of field sampling, tteam of experts with the
SCUBA teamARSC members and active fishers with &lSonthe pre-identified country

boats or vessels, carrying all the sampling gemrd anchors They sailtowards locations
suggested by the fishermen, at distance2ed km from the shore witha water depth of7-25

m. The tidal parameters, amplitude, wave heights, wind speeds and local weather details are
noted before sailingA Global Positioning System (GPS) and sonar can be used along with scuba
gear to locate the reef ®8.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 reefshould be installed ircoastalwaters adjacentto fishing villages
where non-destructivegears suitable for fishinmp reefs,like hools and lines are available and
regularly used.lt is necessary to ensurthat the fisher stakeholdersare involved inthe
sampling and sitdixing process The samplindocations must be located at suitable distance
from outfalls, barmouths, river discharge points, mangroves, mud flats, mud bemie,reefs,
seagrass and seaweed bedsgdustrial installations, and industry/urban effluent discharge
points. Sites prormal to thermal, saline, and chemical effluent discharge points are to be
strictly avoided. Ndake zones such as MPAs/Sanctuary/National parks/alld® be avoided
unless specified fothe conservation programLocations withhard and sandy sedimentre
preferred while locations wittsoft sediments and turbid eddiesre to be avoided. The site
should fall within MFRA limits of the respective state allotted for the traditional sector and
should not be in violatiorof the Coastal Admiralty or CZM rules, asttbuld 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 villageg.natural
conflicts/reasonsthat may interfeae with selecting the site for artificial deployment must be
addressed prior tosampling and site fixing. A local fishegnd groundbased resource
availabilityis ascertained through questionnaire surveystienchmark analysis

The notableparameters of utmost relevance to the performance of the AR-are

A. Depth and distance from the shoreline

B. Turbidityvisibility/productivity

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

E. Vicinity to barmouths/dischargdmstallations

F. Proximity to natural reefs and habitats/mud flats /mangroves
G. Proximity to AR and fish corridors

A. Depth: The water depthis measuredusing scuba diving computandor usingi KS 062 G Q&
depth finder, alternatively,a deadweight lead sinker tied to marked rope can also be
lowered for depth soundingslhepreferred zone for the performance of productidrased
reefs is beyond the frequent surf zone and betwegB5 m depth range, while the perfect
one would be in &0-20 m zone asthis leaves enough space for the light penetration,
causng less obstruction to drift gillnets, and is sufficiently away from the frequent surf
beaten zone, depending on the sea bed slogd® distance of the site could l@aywhere
within the MFRA approved limits of eacbastal state, allomg for the traditional fishers
while keeping in mind thathe visibility and activity within sight range from the shateould
make it more convenient for management and safdtgnce ideally, the sitshould be at a
distance of2-5 km from the shorelineThe distance may vary depending on the depth profile
of the sea in the villagé-or deployment in shallow sites, sufficient surface clearance is to be
left for vessels and boats to navigate without obstruction.

Table4. The fishing limits of traditional fishermen in coastal states of India (distance from LLT

/depth)

State Artisanal Mechanized| ARdeployment zone
Maharashtra] 10-20 m depth | >20 m depth) within 20 m depth
Goa <5km >5km <5km
Orissa <5km >5km >5km
Karnataka | <6km OAL<15n >6km

OAL>1h >20km
Kerala <10km GRT<25 >10km

GRT>25 >23km
TN <5km >5km >5km
AP <10km OAL <20n | >10km

OAL >20n | >23km

B. Turbidity/visibility/productivity : They €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. Howeweduced light penetration due
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to increased plankton production or reduced sunlight should be negotiable based on the
local enquiry on the general trend in that zone.

. Sea bed texture and nature/sediment characteristiche 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 aboutthe bottom type and depth can be obtained withottom sampling
equipment like grabs direct diver inspection, depth recorder, sounding lead, information
from nationaloceansurvey chartsgtate fisheriesdepartments,game agencies, local colleges
and universities with marine science programs, commercial fishermen, or oil company
geologists. Naturaleefs and rock patches should be completely avaides they are natural
ecosystems which support a unique ecosystdvtuddy bottoms experience shifting of
sediments hence sinking of structures andcreased sediment deposdver the surfaces
cause choking of invertebrate settlers.Plain hard sea bed floors are ideal for module
deployments andonger lifeof AR sites.

. Qurrent speeds and upwelling 5 dzii O K Y I AAdHRer inhip@réant instrument usedan be

a float buoy inthe sizeof anorange alongnith a digital watch to measure currespeed It

couldbe releasedo measure the distance it travels innginute. Thisis done three times at

each site to minimize errof0.8 x float velocity) Thisis 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 aampleror by the di6 o062 G Qa 02 Y Lzl
sensorAll readings, surface to bottom, are taken at the same positiontand. A current

meter will be moreaccurate.

. Vicinity to barmouths/discharges /installationsThe AR sites should ideally be away from
any barmouth or dischrge point by at least 8m 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 issiN@szigational andadmiralty
routes, and shipping and tug channels are to be strictly avoided.

. Proximity to natural reefs and habitats/mud flats /mangrove§ he experience so far in our
waters showg that if the site is at a distance of 500 m from any natural reef or rockcpa
the performanceis very good and fish corridors are instantly bubiowever if they are
adjacent to mud flats and mangroves the logic of kee@rggkm distance on either side is
safer, to avoid soft sediment settlements and increased turbiditisng underwater
videotapes and photographs of the sea b#te fouling coverage and diversi#éye estimated
in the lah using a monitor.
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G. Proximity to AR and fish corridorsKeep a distance of 500 m and develop a

subsequent unitas resident and settling communities spread vesll extendto a

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

forage and shelter and escapement routes.

Table 5.0ptimal parameters for selection of suitable sitégr artificial reefs.

No. | Parameter Range Optimal Remark

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

2 | Transparency (m) 1-5m >1.5m Effluent discharge points an
loose sediments could be givir
turbidity.

3 | Current velocity 1-10cm/s 2-6cm/s Bottom currents, particularly a
estuary or river flowpoints, it
will exceed

4 | Wave heights 0.54m 0.52m During monsoon could be th
max

5 Soil texture sand: silt | 8599: 151% | 98: 2 Fine sand and organ

clay sediments to be carefull
identified and quantified

6 Proximity to barmouths| Away by Away by >5| Avoid pollution, sedimentatior

discharges outfalls >3-5km and sinking, plastic debr
accumulation

7 MPA/Coral reefs 5001000 m| At least 500 Avoids conflicts and violations

away m away

8 Proximity to AR /natura) 300-500 m| 500 m from| Helps in creating fish corrido

reefs distance the AR and reduces exits and trans
losses

9 Dissolved ideal range: 1| 2-3 micro| Indicates the nutrient wellnes

orthophosphate (P®@p) | 3 micro molsg mols /I of the site for primary
l production
10. | Reactive silicate (SiQ| 4-8 micro| 4-6 micro| Indicates the nutrient wellnes
Si) mols /| mols /| of the site for primary
production
11 | Nitrate (NQ-N) 1-5 micro| 1-3 micro| Indicates the nutrient wellnes
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mols /| mols /| of the site for primary
production
12 | Chlorophyll a Chl a. 1| 1-3mg/m® | Indication primary productior
4mg/m?3 levels
13 | DO 1.55mg/l 2-4mg /| Anoxia prevails durin
upwelling

Water and plankton sampleollection

A portable GPS set arelad weight(200500gm)depth sounder with a rope having measured
markingsare 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 depthainding 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-degkity polythene
sealing type bgs 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 comesitk on board, the surface water and plankton sampling are done.

Both the surface and bottom samples are to be collected to verify thespigeific 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(litildsr

method)l YR FAESR dza Ay 3 (i-&tand dnglykdd & N kab. A poftabiifleld y 2 v
thermometer is used for temperatureg salinometer forsalinity and apH meter for pH. The
sediments collected for benthos and meiobenthare 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 p mesh in the main
area d the net and with 150 p at the collars, and with a collection cup secured to a 500 g lead
weight is lowered at the sitelhree samples are collected from each &yea still net at natural

flow in the current direction at the bottom, for an hour, follo@dyhorizontal towin the mid-

water column andsurface by driving the boafior 10 minutes each, noting the flowmeter
readings The bottomanchored collection gives a good account of the fish eggs, |aavakefry

at the sea bttom. Samplesrefiltered ard preserved i 0% formalinwith Rose Bengal stain in

a 250 ml PP bottle. The net volume is calculatedhieywolume displacement method and sub
samples made through a Folsom splitéee used for quantitative and qualitative analysis under
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a microscope. arger plankters wouldbe counted andor the rest, a subsampletaken on the
Sedgwick Rafter cell would be observed under a microscope for identificatioccamd. The

total number would then bestimated.Species diversity Y RA O S a I SpadieNBhHné{8) T Q &
PelouQ8 OSY Y SEE YwYWDY 2 SA Yy Sad Sipgosd\Bomitaice thde dan be
calculated using the PRIMERsoftware The total numbersare represented as numbers /10

m?,

Phytoplankton Bottom and surface samples are collected usinghgtoplankton sampler

which has 51 mesh sizenet and 30 cmdiameter. Horizontal tow for 10 minutesvith flow

meter readingds donefor the collection.The samples arerpserved in 5% formalin with 0.1%

Ldz3 2 £ Q &Thé iRdmyl&sdre observed under a microscopetamdounts are takeiater

using a haemocytometer counting chamber. The total number would then be estimated.
{LISOASAE RAGSNEAGE AYRAOBAE It /I INBRSERNGEWsnESOR Sa)
SABSNEAGE 61 Q0 FYR {AYLW&A2Y4& 52YAYEgoivareLyRSE O

Dissolved nutrients

m @issolvedorthophosphate PQi-p) is determined quantitatively by the spectrophotometric
method (885 nm) using the Ascorbic acid method (Murphy and Ril&962). Merck
Spectroquant method withinstant reagent kits is more convenient aratcurate ideal
range:1-3 micro mols /I)

H ®Reactive silicate (SiQ-Si) is determined in seawater in the dissolved form maialy
orthosilicic acid Si(OHgstimated by theAscorbic acid method usirgspectrophotometer
at 810 nm as given byiullin and Riley (1955) and modified by Strickland and PaiE@68).
Merck Spectroguant method with instant reagent kits is more convenient acclrate
(ideal range4-8 micro mols /1)

o ®ditrate (NOs-N) is estimated following the method described by Morris aRiey (1963) and
modified by Grasshoff and Wooeét al (1967) usinga spectrophtometer. Merck
Spectroquant method with instant reagent kits is more convenient aedurate ideal
range:1-3 micro mols /1)

n @hlorophyll @ b, and c are estimated fromat least 1000 ml ater samplesfiltered first
through a 0.2 mm filter to remove all the particleand then filtered through a47 mm
WhatmanNo 1 GF/C filter papeifhe pigmens are extractedfrom the paperby adding 90%
vlv acetone 10 ml in atube. The resultant pigments e calculated from UV
spectrophotometerreadingsat 750,664,647 and 630 nm by applyng the formulagiven by
Gaarder and Gran (192{)leal rangeChl a. 33mg/m?3).

p ®rimary Productivity is estimated by light and dark bottreethod. Thechanges irdissolved
oxygenlevels in the bottles after a suitable timare expressed irg C/unit volh (Winkler
method).
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¢ Potal Suspended Solids (T8¢ calculated by filtering a known volurf@0-100ml) 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.

T ®otal Dissolved SolidéTDS)are estimated by evaporating a known volume of the filtrate
obtained during TDS extractipin a crucible kept in an oven; the resulting residue gives an
estimate of the total dissolved organic and inorganic matter in the sample.

Fig23. lllustration of water and sediment sampling for site selection

Sediment studies, benthgsand 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
obtainedusinga Vanveen grab or any similar equipment or collected throughbscdivers. A
quadrant of 20E Hn OY A& dzadz-tt& GF{1Sy F2N) 6KS RAGSN
layerof soil is collected into a higtlensity 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 analymieto be mixed between two diagonally
opposite station samples (brown)and then prepared for drying andirgie while the samples

for benthos and meiobenthos are treated separately with formalin and sieved and samples
collected and then the average numerical abundance is compupest().

The samplesire taken back to the lab, dried and then passed througbtedes of five nested
sieves. From thjghe relative amounts of different particle sizes are determined by weight. The
particle types and percentagese then determined and labelled according to the Wentworth
classification. The collected bottom sampées dried and sieved through seriesof five nested
test sieves to separate the different grain sizes and s@hclass weighed.

Table6. Soil classification based on grain size.

Particle Size Class |Grain Size (mm)
Gravel >2.0

Very carse sand >10 <20
Caarse sand >05 <10
Medium sand >0.25 <05
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 abalé 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 fishedept, local colleges and
universities with marine science programcommercial fishermen, or oil compaggologists.
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Naturalreef 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 tisosga bed.
Initially, some guidance can be obtained from bathymetric maps, knowledge of tidal currents,
and information about the likely exposure to highergy current forces such as waves from
major storms. In areas with heavy use of bottdarawls 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 preservea ib0% aqueous solution of borax
buffered formalinmixed with Rose Bengal stain and brought to the lab and in a @d&ke
sorted for the microbenthic fauna and later for the meiobenthdfiey will remain in this
solution for a minimum of 24 hours and a maximom?7 days to allow proper fixation of the
animal tissue while minimizintpe loss of calcium carbonate structures (e.g., molluscan shells,
echinoderm spicules). All samgdeocessing activities (including rescreening and sorting)

Sample Sorting Sortirg 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
taxonomt groups: Annelida, Arthropoda, Mollusca, Echinodermata, raistellaneousphyla
(counted separately)

Meiofaunal organisms such as nematodes and fordiera will not be removed from the
sample. Colonial organisms such as hydrozoans, sponges, and myozdhbe 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 sebs@gtbe included in

the vial with the organisms). Organisms will berstbin 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 speceds

The identifications will be done by thouse taxonomists, using minimum X@nagnification

dissecting light microscopes and compound light microscopes equipped wxh208, 40X

63X, and 10X magnification objective lense®rganisms should be sorted into theajor phyla:

Annelida, Arthropoda, Mollusca, Echinodermata, amdcellaneougphyla. All organisms will be

sorted into vials containing 70% ethanol and tightly sealed patlyseal capsThe total number

would then be estimated. Species diversity indices; NHI f STQa {4dJSOASCAS INA d¢
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using the PRIMER Vers(5).The total numbeesepresented as numbers /M3

Analysis of sediment texture at artificial resites before and after deployment indicated
varying patterns at each site with a tendency &rincrease in coarser sediments at the sites,
after deployment of artificial reefs indicating more sediment porosity, molluscan and
crustacean fauna and hence one shell grits and carbon and calcium deposilhe
macrobenthos in the sediment increases byfald in numbers over the sediment from a non
reef area.Annual patterns in phytoplankton, zooplankton and benthos composition indicated
higher species divetyi and density in artificial reef sites, compared to adjacent-nesf sites.

The diversity indices observations indicate higher values for richness in the reef sites amongst
the phytoplankton, Zooplankton, meiobenthos and macrobenthos and fish fauna iéSpec
Richness, Pielou's Species Evenness and ShaMaorer Diversity Index)The richnutrient
profile gives rise to developing diatoms and microalgal populations and in turn supports the
recruiting larval forms of shrimps, oysters, mussels, clams, cf@bslarvae and echinoderm
larvae and the filteffeeding organisms. The composition at all reef sites remained fluctuating
between similar groups indicatingniform performance in terms of the reef output in Tamil
Nadu(Kizhakudan2019)

Fig 24. Benthos
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periphyton and plankton from theartificial reef habitat.

Fig 26. Processing of sediment samp#d microscopic analysis dienthos ina sediment sample
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Fig. 27. Microscopigiew of benthos ina sediment sample

Fig 28.Microscopic view of the periphytons and immediate phytoplankters around the reef modules
after incubation
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Fig30.Benthic engineers and recyclers of the reef sediment habitats.
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Fig 31.Microbenthic forms which add on to the coarser sedimesgmd shelled forms

Fig 32.Macrobenthic forms which are largkevel converters
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