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Foreword

$PBTUBM FDPTZTUFNT JO USP(
EJWFSTJUZ BOE IJHIMZ QSPEVI
UIF NBSJOF GPPE XFC UIBU VMU
UIBU TVQQPSU UIF DPBTUBM I\
UPHFUIFS XJUI TFB HSBTT CFE
TPNF PG UIF NPTU QSPEVDUJW
ODFBO 3FHJPO hF QSPEVDUJW
HFSJOH PGUFO ZFBSMZ QSPEV
UPOFT PG MMWH SHMO GPVOE
FOWJSPONFOU JT BCVTFE UIF (
ESBNBUJDBMMZ
6OGPSUVOBUFMZ EFDSFBTJO
XBUFST JT OPX UIF OPSN UISP
ODFBO hF DBUDI QFS F PSU JT
JOH UIF MJWFMJIPPET PG DPB1
GPS UIF EFDSFBTJOH QSPEVDU
MPDBM BOE SFHJPOBM HMPCBM
PWFS NPTU PG UIF QMBOFU BS
PGUFO UIF QPQVMBUJPO EFOT
UIPVTBOE QFPQBNFT@FBOLSIVSBM
RVFODF EVSJOH UIF QBTU EFD
DPNF VSCBOJ[FE JO NBOZ DPV
EJBO ODFBO "T B SFTVMU QPM
FSPTJPO BSF JODSFBTJOH QSH
DPBTUT *O BEEJUJPO UIF mTIJ
DBSSZJOH DBQBDJUZ PG UIF DR

RIDBMF FFHDROWMRBBPE EFTUSVOIRPIWF |
DUCRGEP SIFZ GPSN UIF CBTJT GPS
JINBVY MWD E SB-T YMWIUITZ JI0O nUJN IF DOBRJEDTI B B M
NBOERP GV BUIFP 6 FPRISIBRIGSBFESTUTV O
T"BEEUNBPOWBBYHFOGFORBWI TBENVBUJP
F TRDSSBIJAORE- BV R O PUHRVM PCBMB O IBOHF
JUZGP GIBIBUNRTEZQ IUFFANT BITT B BBFAHVMU P
DUODODG FBHNOHT UWIF XBFUSBAHMNRESB UV
) B¥FWBGE JIGMBBDI1JOH o UIF TIHO PG
D SPEVVDIT \B VWL TD MWIFFSMZZBB SE$S® QI F
4JODF d0opow 4JEB UISPVHI JUT S
H 4 Q3XRBE M B U JWIUYP PGF D PBH $BB1% *0 C
H%P U UXBV DR SPIGH OB MOMEIJBOSFTFBSDI
T (CFHBEHIHVEP M B EOBIOEP B PCBT FRVUFODFT P
UB G DWINISVWORDB MTQ HFHFFO 8 NBODBOX1JDI S
JWIPDO PESOUCF B P 8B N CS/AFRET (PRU U P * (
| QIFPHPIEFND X | hiFl D P ETSUBW QPOF MPDBI
F FOG- PN 3O H JBW FODFBO@V NBB UG- EXoF W P v
J UTZWTF JI06 RS BBNB QIOF BRSG-BITFW W S B MB T
BSBBBHFINE WP BOE QPMJIJDZ BEWJDF
B EFTS HOR CBAVBU UBA/B [PIOVF IBITVCFM JIP P I
D USWFM EDOSS PBVGDEE OOFHU XIRB XIDOH BOE C
I MWVIFI8PT FIBFEJINGORIBEBRNRABBCGEDPNF
CMBSHFBMRBS a8 BMIFFNF QP @BVBOWEHEE Q
OBJBT MP @ BWPEFYDTFFGEY M UOFGPSNE
BB UBMFXQVE BT DBBXEEnM R BBWF ODUBTLHF | P




HSBN USJFT UP EFWFMPQ TVTUBQMBC XIFP JERPANFEHFO RUSBN JIOH BIF *OEJ
UJWJUJFT UP DPNNVOJUJFT B FYOBE ' DZTUBD BF D SEBARTOHP QBBIJCVUF E.
EVDUJWJUZ PG UIF DPBTUBM [AOFFWFSBM BSFBT PG HMPCBM DPODFSO

*UJT NZ IPQF UIBU UIF BDUJWJB3SHT BAMOMERWWUBEIPP GBCGEXDBISUIJDVMB
JO UIF $03%*0 QSPHSBN XJMM D PODMINOB/FFUPIBSHAEVEGEUBBOTFSWBUJPO
HICMF PO UIF HSPVOE CFOFmUT WPDPFEBBIZSHFFIEQ PBOFO UTFPGFPER TVTUBJ
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Executive Summary

SYNOPSIS

hF BTTFTTNFOUT PG 61 DPOUSJ
DPSBM SFFGT BOE SFMBUFE DP
DPNNVOJUJFT JO ¢ DPVOUSIJFT
BOE XFTUFSO *OEJBO ODFBO SH

Status of Coral Reefs

hF CJP QIZTJDBM DPOEJUJPQ
UP EFDMJOF

3FDPWFSZ GSPN CMFBDIJOH
HFOFSBMMZ TMPX BOE QBUDI
TQFDJFT DPNQPTJUJPO PG BE
NVOJUJIFT

SFDPWFSZ JT NPSF SBQJE PO
JO NBOBHFE BSFBT PS BSF SH
PUIFS IVNBO EJTUVSCBODFT
3FDPWFSZ JO BSFBT TVCKEFED
CFFO SFUBSEFE

hF QSJNBSZ DBVTFT PG DPSB
o #MFBDIJOH XIJDI JT PDDVS
IBT BDDFMFSBUFE UIF EFHS
OWFSFYQMPJUBUJPO PG mT
PO SFFGT UISPVHIPVU UIF S
%FTUSVDUJWF mTIJOH XI1J
QSPCMFEN BT mTIl TUPDLT EHR
GPSDFNFOU EFTUSVDUJWF
JO GPSNBMMZ QSPUFDUFE B
DPVQMF PG ZFEBST
1PMMVUJPO BOE TFEJNFOU
CBTFE IVNBO BDUJWJUJFT

4

4

e hF JNQBDUT PG UPFUFDFINENES HiGI (
CVPIO B MBSBMPSHFGRDXYEDABHRPWMZ WBS
BTUBAWHMDRATZ MFF NV MBO P & F.QG POBRO U
JO 4PYUDBTUR BENPEEEHSB DFOQBS8WT PG
FQPSTIMBIBEJT UP FYUSFENF QBSUT PG

MBOET
e hF QSINBSZ GBDUPST EFUFSNJOJ(
PEBNBODBWOFFE TDODBOFUUDVYEBNI XFSF

o )PX FYQPTFE B SFFG XBT UP UIF
BTTPXBBWHE DPSBM NPSUBMJUZ JT
7 XaU hK MEFD B FKBEEUDARGUWEZ JUSSPVO
E VMW 1B B ARPWAPRHO DMBAVI CDFPINBOVP DPWNJI P O P

o hF DPOEJUJPO PG UIF SFFG SFF
SFFGTYUFEUO BBF DPEBBURNE SXUBMJIUZ E
FNPURFJIGBPN §FFNPGHFVWODNMBO PEBCMF UF

OBNJ

U UP IVNBO JOnVFODFT IBT

e hF SFBTPOT GPS DPOUJOVFE DPSE
M SF P GHE ABFSEEBHFR®PODFBRS DPSBM SFF
JOH RBSGEFXSEFRVFOOBIZIBFETPVSDFT
BEBRUORG ® BWIMFETTZ mTIJOH BOE FYQ
| BODPBI PBRUIMFSFHRENBOFTNBSF VOSFFG
FHIPOSJFT BT B SFTVMU VOFNQMP.
DI CFP@QF SR QDWIFHAB FMIIH XIFSF JO
DMIJOWR OE¥E XPUMBPIB PWB MOEFHSBEB!L
MTIJORXNBXEFAOBSPEZPFPE IIAFGNQPSUB
SFBTBM1IFDPEXBUPNMTUBPMBTR JNQBDU

o *OBEFRVBUF MBXT BOE SFHVMBL
BUXP QP MNB IJOMZP GEBPNFRBOEG FYJTUJ

UJPOT




Actions Necessary to Achieve
Sustainable Use of Coral Reef Resources

Research and Monitoring

Management and Governance

o 3FTQPOTBCJIMJUJFT EJTQFS
BOE B MBDL PG DPPSEJOBU/
*OTV DJFOU QPMJUJDBM XJ
SFHVMBUJPOT BOE JNQSPW

a

$POUJOVF UP TUSFOHUIFO F
QSPHSBNNFT JO FBDI DPVOUS
DJTJPOT BSF NBEF VTJOH UIHR
BOE TP UIBU NBOBHFNFOU TU
DPQF XJUl DIBOHJOH TJUVBU
&OHBHF DPNNVOJUJFT JO NP
JO PSEFS UP SBJTF BXBSFOF
SFFGT FTUBCMJTI CFIBWJPV
UBMMZ EFHSBEJOH BOE TFDV
UBJOBCMF SFTPVSDF VTF

$POUJOVF UP EFWFMPQ SFTH
UP TQFDIJmDBMMZ BEESFTT N

*ODSFBTF UIF BSFB PG DPSB
BHFNFOU BOE JODPSQPSBUH
XJUIJO UIF CSPBEFS GSBNEFX
[POF BOE DBUDINFOU NBOBH
UIWFMZ EFBM XJUI MBOE CBT
TFEJNFOUBUJPO BOE DPBTUB
&OTVSF QBSUJDJQBUJPO PG
POQNFOU BOE SFWJTJPO PG NE
EFS UP PQFO DIBOOFMT PG D
PXOFSTIJQ BOE USBOTQBSFO
*NQSPWF NBOBHFNFOU DBQ
OBUJPOBM BVUIPSJUJFT :FB
FSBUF NVTU CF TUPQQFE *(
UIF QSPCMFN JT BU UIF QPN
SPPUFE DSPOZJTN VOXJMMIJ
SFHVMBUJPOT CFDBVTF LFZ W
BOE PVUSJHIU DPSSVQUJPO (
JPVS

TEFEABSPOMUTFO/' FMBXITBBGEBDSFAVMBUJP (
PO $MVBISUFFD UIFTSFBEPODBEDMJIUJFT PG
MM &JPGPSSFO RO LFPGMNBXX TEBIDEE SFHV MB |
F FOF®FED FNVF@IT INFOUT BHBJOTU EFTUS
NVTU CF TVDI UIBU UIFZ BSF HFOVJOI
*NQSPWF FOGPSDFNFOU CZ QSPWJE
QPXFS FRVJQNFOU BOE mOBODJBM S
&ODPVSBHF DPNNVOJUZ CBTFE QSPU
NFOU JO QBSUOFSTIJQ XJUI HPWFSON
OWHWsPVOWFOW B NPBIBPBMEHKST UIF SFT
Z TBPOBESNMBEABIBIONFO S EFPVSDFT BOE F
CGFIU S WRIMBGC \OFP MQ G PBBING XIRMM UISP\
SBWAIKJIPD DBELESTBEBQUIFEUBOHJICMF C
IPONIFOU
DJUPSJOH BOE NBOBHFNFOU
T TAIter@tiveLVBlihdddQuiR it BeDDeksifitanD P S B M
5Te WBIUNBRBWPUIFQWISPENPQJIPO PG J
SF BRONNEBEOMUUFS OBQOQRWEUMG RS WIVIIPPE TDIF
NFOUBMMZ TVTUBJOBCMF BOE FDPOP
BSDUPRUBDRANEFIUBCMBEBFRYBNQMFT PG
BOBGFWEEOWOTBYEBT SFMBUFE UP BHSJ
XBTUF NBOBHFNFOU UPVSJTN BOE N
XJEF SBOHF PG BDUJWJUJFT TIPVME
M SEES TUP WOISTRVEEMEPOPIEF ESNMBWJIBCJIMJ !
NBGBOIFNFDOIUB STA SSBlIUBBCIMITI mOBODJB
PSLTQF® JWEM BB UBHE INRBIRPMBMOH UIF FL
FNFRO® UF BPPRS UP F FD
[FE UG TOVFDFTYBEBTTRBMSIV WIPRDFSONF O L
M EBWFMRQWFMUIPPE BOE JODPNF EJWF
BMM TUBLFIPMEFST JO UIF EFWFM
3 CEBEhFoNdRDAWardhesS BUFHJFT JO PS
PNN3BUIFBRIXBOF®EE BP G RWF JNQPSUBOI
DZ FG QIYPMENIT BOE UIF JNQBDUT PG WE
BDIJUJIFBNROPIVIMIPDBM BOE
5T BGUIOPBDUSWEWD UR B U FFIOG ENNFBSITOF T U\
D NBGZDOABJIET UIF SPPUT PG
1 J Ud DIBAVIN W\FOVIRUVZ. & BFTSFHE BNFFFAQIUP SJOH B (C
OHOFBDUUWJIJERMMPX MBXT BOE
/PUF SBHBEBFQFTNBE BIF BOFHDQEPHSBNNFT
DSFWFPNUPSATR® APDAMBZCFIBW
o UIF VTF PG NBTT NFEJB




EXECUTIVE SUMMARY

hSPVHIPVU UIF *OEJBO ODFBO
CFUXFFO IVNBO QPQVMBUJPO
SBEBUJPO JT VOFRVIJWPDBM

BOE UFDIOJRVFT UP IBSWFTU
CFDPNF NPSF F DJFOU UIF QS
BTTPDIJBUFE FDPTZTUFENT UP

QPQVMBUJPOT JT FTDBMBUJOH
SFTVMUJOH JO UIF VOIJWFSTBM
BOE UIF XJEFTQSFBE VTF PG EH

f

*O BEEJUJPO UIF FYQBOTJPO PG V¢
SEBFAOUPR IEDOPMWBIPEBQTF IQF JOnVY P
1 SIBXUS$ BIO/BMBP ETXO WEONS ERYWAMBUFE PS
r NANBWOTQPAQRVYMBWIFPORFIOBEBBTMITIF
E XENOCEWIYOH DPBUWBBMFBOPTREV 8B NT B O
FTBCSBBRO DPSBWHSBFIGEJHOEBSHF P(
) SBPDADIMVENFY M B B B P G PRSG ETHPQVRIEE X BTUU F
XFMMTGBBROEFTYTNYVDBUOBOMPFWIENIVU

RVWHS FIYFENMIRBO BB URG CP B OrET Q 1P WRD/LUT
FTODBUEBUUWFOMAGIOR SBAD IDIRFZFTBOE |

The CORDIO Programme

hF EFQFOEFODF PG DPBTUBM

Q PQYAVMBIDIH OP PEMDPEBAT SEBSE®DFT T

BOE UIFJS WVMOFSBCJMJUZ UP WNBPRBUGPBIB PIHE ENF NIBBEBOERFPED
BDUJPO UIBU XPVME QSPNPUF DWEkidd@ndid BNl Aribrks BIB O BTV SWBIM SFT

SFTPVSDFT $03%*0 JT B SFT

XBT JOJUJBUFE JO 0999 JO SFTQPBGUF GR UV E EBNBEBUUPODPGS B M

DPSBM SFFGT JO UIF *OEJBO
MBSHF TFDUPST PG UIF DPVO

FBSDd WBOHESBONFHUWHBE SFTFB|SDI Qf

C

~

ODREBMIBEAFPGIMAGIFVRREEFQFOEFO!
U SWernatQeRakhdds WIB O TIB Q &§ PRDP OPF RV

NJFT UISPVHI mTIFSJFT UPVSJTNBGE RG DB TOBM R BEOQYMHMFLZ QSF
NFOUT $03%*0 JT B MPDBMMZ ESBMEHWFSFRHVE8DBM R® JWIBPNF UIBL

UJWF UIBU TVQQPSUT NPSF U
JOH QSPKFDUT UIBU BSF DPO

IBO W & TSFIG-HB DFISBMESNFGIVPTSPVSDFT
E \VODEW Bz EonGrdd AdkerbsFHG UIBANQBDUT PG

FOUJTUT BU MPDBM JOTUJUVUJPBDUDVJIA DTV @ 0 SOF $ BM SFPFRHAGE P VBO |

UIF XFTUFSO BOE DFOUSBM
CVIJMET PO FYJTUJOH DBQBDJ

*OENBOUODFBO $03%*0
U B NefvordiblartdQndBiaiv BPOESFHABEFROOBUF

UlBU XBT FTUBCMJTIFE UISPVHI NWP8BTUBBXE B LESHDBHEWI PG DBQBDJU

EFEJDBUFE TVQQPSU GSPN 4
FODF 1SPHSBNNF hF BDUJWJ

SBOHFE JOUP 0

JEBSIBBBWIPQBMU BRIDIBAD XIJUIJO UIF
UJFT PG $03%*0 BSF BS

CSPBE CVU JOUFSBDOUMBWIFNRMIPOEVDUFE XJUIJO

0 Ecological and socio-economic monitoring PG UIEVDF UBOHJCMF PO UIF HSPVOE CF

IFBMUI PG DPSBM SFFGT UI
UJFT BOE DMJIJNBUF DIBOHF
DPBTUBM QPQVMBUJPOT EF
TPVSDFT

FBOARBOBTMPBQAMNBAWBDOIJWEF DFOUSI
BOEFBIG RFPOEFRY¥PEGDFDO GPRIS SFTPV
QBOBPBWUURGTDIPEBWS SEV¥GFSFISFDUM

PG HMPCBM DPODFSO TVDI BT GPPE

A Zargeted Researh GPDVTFE PO VOEFSWUBOEROHBEBDRBSUJDVMBSMZ UIF .
MPHJDBM QSPDFTTFT UIBU BSPIBOIHFOBOEMDBRPSHERNBUIUL ASYGDCJIP

00



XBUFS FDPTZTUFNT BOE DBO U|FQBGSRPOSF ETF IBBWIBMEFEFUICHFVHIBCMJITIJO|
EJSFDU JOUFSWFOUJPOT 60UJMBX®@B P QNJIRIGI B GFBHIOIFFRFTESWFBATMD
XFSF UIF QSINBSZ GPDJ PG DPRSEMQIFFIESF 8B CPBH ENFF QI PEPNGIMEIWJIUZ PG
XJEF )PXFWFS JO d0geg+ UIF DPOQIMFRIVBOEFOIPGWBOHTDPSBM® SBJTJOH
CMFBDIJOH ESIJWFO CZ HMPCB DMFINBQW B PBEOBM OPINBNNOUGBHI PG UIF
DBMMZ PCWJPVT BOE BO JNNFEJBNBES DGH AFDIRNIZEBRNISBOH BDRUIJRQBDU™
GSPN UIF FOWJSPONFOUBM BHFOBWKFTIBD RIOFUBFF B URZH IDPNTO
USJFT BOE UIF JOUFSOBUJPOB DPNNVOJUZ UP DPNCBU HMPCBM
DMJNBU DIBOHF "MUIPVHI JU JTSktusef GoralB®®FQUFE UIBU DPSBM
CMFBDIJOH PO TVDI FOPSNPVT HFPBHEGRIUDPODBBMFOPSBM)SFFGT BDSP
NBSJMZ BUUSJCVUBCMF UP BCO RSANBMNBAM BNOFEWBRITRE $0B* OENBXF 9B FBO
UVSFT UIF VOEFSMZJOH DBVTFTTFWRSFUTE PAD DFPESBAME NPB WEBMJIUZ TV
QFSBUVSFT BSF GBS MFTT UBOHG®MB DB ODEHBRW FDRUT BMIFOBEWMSFFBE R G Q
EJSFDU NBOBHFNFOU JOUFSWHOBJPOVSGBIMFFFUIFBONEQBIFUTORGFOTJIJUZ P
GVUVSF bPSBM CMFBDIJOH FWFOUSBDBXKEF BNFMIJPSBUFE UISPVHI
UIF BOBMZTJT PG QBUUFSOT PG CMFBDIJOH JEFOUJGZ TQFDJFT UIBU
BSF MFTT TVTIDFQUJCMF UP CNFPB®heReeBOE BSFBT XIFSF UIFTF
TQFDJFT BSF BCVOEBOU JEFOUJIGZ BFRF BP IBBUSEFSFE MEUTE WQEPODEQFE Ul
JODSFBTFE TFB UFNQFSBUVSF FW PO UBPE RYIG©ESUBODFH RPBIMZ NJOPS E
VSFT UP BEFRVBUFMZ QSFTFSWERUBFS5E BEBEBTUBPB UQPOROBIBMIIBU T
TPVSDF PG OFX DPSBMT UP BTTJUBMRARDAP WIFSEZPR\GF & FHG BIEIMEF BIBSETDP S |
UIF NBOBHFNFOU PG GBDUPST| DBYHANGH+JDDSEGBHEIBRABP UFN PO UIF EF
QFSBUVSFT PS HMPCBM DMIJNBUHBNBEORY¥ M T PROUEJEBFPOIFPSFBMNTF SF
PG MPDBM OBUJPOBM PS FWFQ S\WBISPOAB KBV IUAPS BDIFAT T BT IVMIRIZBBIO E
CMFBDIJOH JT B HMPCBM QSPCMPKG BIBWIBYWRHRNVFIFII BUHBISPRC 8 MJ DMMDVP O E!
UuJprpoO PG MIJWF IBSE DPSBM PO SFFGT UIBU B
4JODF 6gog TDJIJFOUJTUT BOEH QOBSDOFE CCQTWBOE UWIPOFIEEDIFOMMBGOBFT J1
SBUJOH JO UIF $03%*0 QSPHSBNSFNBMWFEFPDBIMOBUFEDFTTICMF SFFGT
UIF DPOEJUJPO PG DPSBM SFFGTTVYIFSFNEQBRODUMJIPGE T\INDBI@ IBMFUUBNSE DP SB
UJFT UIF FYUFOU PG DPSBM CMAEBBSIGH A PSPVHBEFTUOHPVODMMBIOH UIF
BOE UIF DFOUSBM BOE XFTUFSOQ®EDBDDED FEXBSUUBYWMBSMZ UIF VTF
QPSU 0ggg UIF NBHOJUVEF PG TOFUTIFRYFBINBP SBM INRS BENEI QP MMV U
BOE SFTVMUBOU EFHSBEBUJP PTG DFBEBM™M SFFGT UISPVHIPVU UIF
SFHJPO 4UBUVT 3FQPSU iiii BJOE UIF FYUFOU BOE QSPDFTTFT
CZ XI1JDI SFDPWFSZ JT PDDVSS{®kuchedB®@gVT 3FQPSU AiiA  *O
UIJT UIF GPVSUI $03%*0 4UBUVThF QPO BIXNFP@QSPGFDRSBI® SFFGT UIBU
DVSSFOU TUBUVT PG DPSBM SFFGVM HEBHJIJOIHF X5 BEMMFMWBEIBU BPOPSEJO
UJOVF UP EFHSBEF SFFGT JO UIFTERNFPQ BDPSBEMDNREFOBMNRIF hPTF SF
SFDFOU QBUUFSOT PG SFDPWHSZPBKRE NIMIBS FCTNWMBIBOOHD BEXEHRP SOB M JL
DPSBM DPNNVOJUZ TUSVDUVSF "0OIBEGEXUUPMIWF IBSMIHABSBMFDPWES H
BDIJFWFNFOUT UIBU UIF $03%}r0A:SPOHOSBNIN N BK®PE JUZT PG SFFGT UIBU °
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NPSUBMJUZ +i+ SFEVDUJPO J(
SFNBJOT WFSZ MPX oi+ *O B
NVOJUJFT BSF HFOFSBMMZ EPN
DN XIJDI IBWF TFUUMFE BGUFS§

Recovery

(FOFSBMMZ SFDPWFSZ IBT CFF
TJUFT *O NBOZ DBTFT SFDPW
UJPOBM QSFTTVSFT BTTPDJBUF
DPSBM NJOJOH EFTUSVDUJWF
NFOUBUJPO 3FFGT UIBU TV FS
Juz TVDI BT UIPTF JO UIF .BME
IBSE DPSBM JO UIF PWFSXIFMN
EVDFE UP MFTT UIBO i+ SFDI
don6+ 00 BWFSBHF UIPVHI JO
UIFTF TIUFT IBWF CFFO MFTT U

00 TPNF SFFGT QBSUJDVMBS
[BOJB BOE UIF EFFQFS TJUFT B
UIF DPNQFUJUJPO GSPN NBDS
HSPXUIl BOE SFDSVJUNFOU *O
UP UIF VQXFMMJOH PG DPPM O
NPUFT UIF HSPXUI PG DPNQFU

GFFEFST XIJMF PO 5VUJB 3FFG

TVMU PG PWFSmTIJOH BOE OVU
TPVSDFT *O FBDI DBTF UIPVHI
UJBM GPS TIJGUT JO DPNNVOJ
OBUFE CZ DPSBM UP POF UIB
DIBOHFT XJMM VOEPVCUFEMZ
TPDJBUFE mTI DPNNVOJUJFT B
JOUFHSJUZ PG UIF SFFG JUTFM
'PSUVOBUFMZ UIFSF BSF B O
SFFG TJUFT BOE UIPTF FYQPTH
IBWF FYIJCIJUFE NPSF SBQJE JC
BEEJUJPO TJUFT UIBU BSF JOD
BSFBT .1"T PS DPOTFSWBUJP(
FYBNQMF UIF MJWF DPSBM DP
EFDMJOFE BT B SFTVMU PG CM
GSPN +6+ UP MFTT UIBO 8+ hF
IBT OPX SFDPWFSFE UISPVHI U
Acropora cytherea B O E  C S BEIMpodaQldnicornis
UP 6o+ CZ fAiio BOE UP 606+ CZ

) DBWEBMC B PW KRS D MIBHE OPFCS B FINDFP VG- &J
ERYUIBNCRTFTSHD DRFBNB HDFPNO .P[BNCJ
J 6 B UM EWG-Z DIINSBBMWM | BB MCHF&FDF B F ESVoD F E
> dBF-TJODF SFDPWFSFE UP 066+ JO frTi

Recruitment

D TMANP BOBSFFEGWBOJEEVAWAUXBBO UIF
F SEZO ET DEFSFOHI B F U BVEFFGEHCZIBEBJI U "G
- E O D P\SNBBVD DEPDMLPIOVIRIT) FBIT TOWIH B TV C
MU SBROHM O BJ e DU B @E OT FTEJdbF $ R
FHESIF BIGEB WBFOE .BMEBW NP SUBSBM D
- JWBUPERSF TNBEMW WP S PGIMIWIFTT U
J DB WBXHP $1B72 BEDBMIUINEBTU SF OPU
D WFRSZBIB U ISBOHBE FOFURFEFEMOUSBTU
DSGES8IBE JO JDP B DPVWNEBUBE BU U
IBOFOHFPHSBQIJD SBOHF PG DPSBM
M B |V B OAVAGO B BE. Er@BD BB DVSSFO
UDQ3$VOH B FIDU CBPRT| B FBGZBP CF B |
P BMAHBFBSUJDOEBSMIHG DB SBAM QSFW.
, MO HB ,UVITHBT JBUO B S O VRUBIX VO Z B
V IDPIFP OIS TDI X BUBES TIXINDE IBIFEMZ C
J UAWFORM XBF 86 HMMUCMFTCRO IBT T
GMHBR BEPNJIO BOEFXBTUIFUWEFEFO 8
S NEQI® JOhd/ Y& T*S B O NDNBBIOVEZ C BT F4&P V L
UHBSSE VB N BO DIEFBSIEC MF DPRJ UG NQF S
UZARSV DRIV SBVEBWSFEQHFERSBXUI PC
) BEFQBRYOEJOBMBRIJBPMHBIMB E4AVUDP OB N\
3 PV JWIKFODRNP G TOBIPIB P BAISBMT L
O BJ SFR AMVPDO M PUE S0 GBIWD UDSBIME OP
GBMT XBT SFDPSEFE BU BMM
NCFS PG FYDFQUJPOT %FFQFS
ERegiPn-jcpGREE VT XBUFS FYDIBOHF
) DS Bomposition! fppikisseTP8B M DPWFS *O
M¥ESEMX $§F ROTNBISPYH PIRUABVYBE "T.
) XFABTF SEOWEOER ORI BE WDFSOPSFN U
WP8OPbD#B O HBFTFGOIJDPHSBM-BBONEBVOJU:
FESIFSHOIRNBBIUN B PIBIMBIN A BHB NI B E
MHFPO P BEM D OW FESFROPEITD PG FAMF-WB |
| FBSBIG PEJOSPH BB PPIdQUB CVMBRUEFUICIM
UIF UBYPOPNJD DPNQPTJUJPO PG SF
fi G & MAMRXI MBS WIG DB TEMFBDIJOH FV

D
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BEVMU DPSBM DPNNVOJUJFT
UIF SFHIJPO DP SBdwikz P>Q JDIIF XHB
UIF NPTU BCVOEBOU BOE EJWH
CMFBDIJOH DPSBM DPNNVOJUJ
OPX DPOTQJDVPVTMZ BCTFAxJ
pora TQBU PO TFUUMFENFOU QMBU
NFOU PG+ BPMPOJFT UP QPTU
UJPOT JO 5BO[BOJB IBT CFFO S
UIF FBTU "GSJDBO DPBT Wcrddohd
IBT CFFO SFTUSJDUFE UP DPSF
OPSUIFSO .P)Biy&3xd RB/IPODF EPN
OVT JO TIBMMPX DPSBM DPNNYV
ODFBO JT BMTP OPUJDFBCMZ B
BU TPNF TJUFT POMZ CZ EFBE
EPNJOBOU HFOFSB BSF OPX CH
BSF MFTT TVTDFQUJ@tks DiRlods-M
rea BOE TFWFSBM PUIFST CFMPO
$IBOHFT JO UIF DPNQPTJUJP
BSF BMTP NBSLF Edcropdsrd K UMPE
EPNJOBUFE NPTU SFDSVJWuBFT
pora EPNJOBUFT SFDSVJU DPNNYV
TMPX HSPXJOH GBWJJET BOE (
UIF DFOUSBM *OEJBO 0DFBifnaB
BSF BCVOEBOU BO EGsthnsrdd TR §
DPNNPO BNPOH SFDSVJU BTTFN
HFTU UIBU UIF DPSBM SFFGT P
EJ FSFOU GSPN UIPTF CFGPSF
UIF SBOHF BOE BCYV O&bpadTFOHE
ulJT bPVvME BMTP JOnVFODF UI
PG UIPTF mTI TQFDJFT SFMJFE
PG UIFTF DPSBMT GPS TIFMUFS

Benefits of Marine Protected Areas (MPAs)

hSPVHIPVU UIF *OEJBO ODFBO
USFOE EFNPOTUSBUJOH UIBU M
PG IVNBO BDUJWJUJFT JO TPNH
PG DPSBM QPQVMBUJPOT *O 4§
.P[BNCJRVF TJUFT XJUIJO .1"T
JO UIF DPWFS PG MJWF IBSE DH
NBO BDUJWJUJFT SENBJO VOS
UFDUJPO BSF BMTP FYIJCJUFE

BMBVIECGS PG SBOFBAUIBPVHEWWDTIUZ P
OMSSBIBMZ XBT HSFBUFS UIBO BEKBDFOU B
FSQ B PHFFDOWIF D BSGEB8ITIJOHPOBNCJIRVFE UIF
FIOPQJDIBFMNOEWBBMUBERME® DEBSSFOIJWPSPVT
"MBLCIA ¥ HH STFBBWUFNM FINIBOQUPPGY O QSPUFDUFE
FIOBUAFE/CEZ"GNBMB BQE BFNDRYTW G MPX

OMFBDYI0OFBQPBDOWINMB UIF EFOTJUZ PG TI
FOPREUWHE VIIFB@BJFBOTIOIBIDBMPO  HPG mT
H HEHFSRIG IS D' RSB PSPUFDUFE BSFBT U
BSFBURD PRI MIM/GBS B OIBHBWIE CFOF
JBBeGNAHFU BOE UIF F FDUT PG PWFSmM
O JUSIFQIUDSMVWIFRWTU UIF *OEJBO
3CTBOGPBSAUE/ OB WHPNKZ SIPXFMTHFD UFIESF BS|
[UBQEQOS OBSMFUP® U I ESFAHIPOT METF B
- J QB PR DWEEFEAPOZQBOFBE UWBU XIFSF EF
FBEBFOUDROHTINVDMBYS BDUIJWJUJFT BSF HPJO|
HUORQUEJEIOBBNIYWZIUBWJIJEBF
O PG SFDSVJU BTTFEFNCMBHFT
5| ddeLrent Bleaching Events
FNMOMWMBBFIOHUFQYFOTFIOXMFSF SFDPSEFE B
OJGBGEREDBQIN PSBW BBSBBIT XKOEMFFOZB JO "Q
) PSRIQEEAIB SB IBMWBPH O PUWEPPO PEOCMFEBDIJ
HBPSOM4JMJIL RMBS UNDBDBIMAESF UP GVSUI
B OAOF OZBZB NPSUBMJUZ PG DPSBMT XI.
CWIBHOF T | BiF XA JDIBRMHEBFTSTSWHE JO dgog+ XB
G ROB V1LY 5FFNQ&RPQ AVBRPIIIPS B P MP O J
0 d®H 8&IBJT OIFFUFIEE € B U BZFEBLILHBFFQE SB X J
) IHeliford JIOIHOH UIF POMZ HFOFSB UIBU FY
F BRITYUPICVUR D@ BPEZB CWHBEO DEH JO T
V QP DT UU F BROZ@ BT Eddda TBHGidpdU V S F

BOHwiza DPMPOJFT XFSF DPNQMFUFMZ CN

JOHMZ BU POF TJUF OPSUI PG .PNCBTE

P &ropora FYIJCIJUFE CMFBDIJOH ZFU HSF

WIFFSHF DIPBPOJFIFTVDDYQNMFE UP UIF T
FHBMSEFBAHBEDIUFE OFBNAQXHE-SBHV BBTUJPDINJ

BXE-1B P G B F S{MOF B CBINFECPGIAHApPRAWIRSEZMF T Q F D J
5JBBOILB P MPODRE S BU IBBW MBYAJBBIFE HSFBI
T IPXEW HGFB BROE JENDM HBPFMPOJFT UIBU E
SBEMABBOOBUNEIMESIODEIPB MIOSFUWVBU CM|
- HVAVNBRU B B MPREDMDE TCIEBHN- U IFGT QSPTT PG J(
CZmBTUBNE RIS BUNSBFRC SBYBFBMRQY BNPOI
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X J Udreopora Echinopora Montipora B Phzillopora
FYIJCJUJOH HSFBUFS UIBO i+
#FUXFFO .BSDI BOE .BZ iiio
CMFBDIJOH FWFOU XBT PCTFS
-BOLB XIFO TFB TVSGBDF UFN
0iod® "HBJO TVTDFQUJCJIMJU
UXFFO DPSBM H H&vpr& BD PN B O NB
JOH QBMFS UIBO VTVBM BOE T
QBSUJDVMBSMZ WVMOFSBCMF
IPXFWFS B OVNCFS PG HFOFS
TFFNFE QBSUJDVMBSMZ TFOTJU
UVSFT PO UIJT PDDBTJPCOF AiNMIB®
OFBS UPUBM CMFBDIJOH PG BN
DPSBMT XBT SFQPSUFE GSPN U
FBTU DPBTU PG 4SJ -BOLB UISF
B TINJMBS NBHOJUVEF UP UIPT

B

Impacts of the Tsunami of 26*" December, 2004

hF EBNBHF EPOF UP DPSBM SF
ODFBO CZ UIF UTVOBNJ WBSJF
SBOHJOH GSPN JOUFSOBUJPOB
QBUUFSOT PG EBNBHF DBVTFE
TUSFUDIJOH GSPN UIF "OEBNBZ(
FBTU BDSPTT 4PVUI "TJB .BM
DPBTU PG FBTU "GSJDB JO UIF
GBDUPST UIBU EFUFSNJOFE UIH
hF EFHSFF PG FYQPTVSF UP
hF CBUIZNFUSZ PG UIF BSFB
BUFE

hF HFPNPSQIPMPHZ PG UIF S
hF DPOEJUJPO PG UIF SFFG

hF EFHSFF UP XI1JDI SFFGT XFS
PG UIF UTVOBNJ BOE IPX UIF E
HZ PG UIF XBWF XBT JOnVFODF
PG UIF BSFB EFUFSNJOFE UIF
TUSVDL WBSJPVT DPSBM SFFG
TJUJPO PG UIF GPVOEBUJPO P(
MINFTUPOF PS WPMDBOJD SPD
JUT DPOEJUJPO EFUFSNJOFE IF
PS EJTTIJQBUF UIF FOFSHZ PG |\

(FOFSBMMZ SFFGT UIBU XFSF OPU
NRSYPBNJZTV FSFE WFSZ MJUUMF EB
NFEX @ P BNFEVO E MIFVJAWMBOE PG .BIT J
WV AINSB B P SNBBEDNYB HFU € F DEBBS/PINFOUEI BB X F S F
QFGBID/F PTG B WA GHBNIIXEEOQUIF BEKE
/7 UPBCMBEBBIOEBHBVBIHIVE OB UIF *OE.
PEROQEGEBS BOE BMPOH UIF DPBTU PG F
FWF$6 BNGBVWIIHISKEADMETSFENDIFE B
*OFBBD XBHTOUOFHMIPIEWMFPVT FWFOU’
B UBEFWFaVIWBWRKE SFBW B DBVUFEUIIO WF.
JIWBNMRRXODEBEUBMXIBEME UFWIIFBB
SNBUHMEFPOXHASEGFBMTP OPU TFSJPV
1 MU TRVROYBENQJU XIBM MBRJFF BEES/HE- BUCPE CT\PIGLE
| FX8 MHG 0B NBSH B BAPUIOB-MPB ESBWBIJ
B PBODJGIS P XJER H\PINFF BNDPB/MNYMBG JP
FRNTFFEBNBGB FEXBY SNNOCH) B B ¥+
3FFGT MPDBUFE PO TIBMMPX DPBT
UP EFFQFS DIBOOFMT PGUFO FYIJC
FG&TFUBYAVHIPVIF DIBOOEWMBOPGUFO EJ
E GBRS BOETMZOBDIFrORJISIBUBB MURF FOFS
M WPNDO Q B B USIFPFAGTB PG "OIBFMZAB G BOG B IH
CxP O MR BAS/BDBWNR @BIXIBDB M HBANBHF
EFOUIBRCBYUD MBEZE T53 OOWDIFNBMFF
- JVBOIL B OBEOAH POIFIMMFTP® FKGEIPHIOH
XPPOHUIPXE® HIBHOU WIP RISMBIBGEZ PG Ul
- NOB-HBG M2V EBF-MFGG UINFQSBPRGT XEBE IBT C
OBPVEEMHF BODMVOBBIOEXBWETNPSF UIBO
XIJOYFFG XBIJIDC BFOFFEWHRSTFIMA EBNBHFE
EFBE DPSBM UIBU IBWF SB[FE UIF
FrFBGPSBM BOE FSPEJOH UIF MINFTUPO
7JSUVBMMZ BMM SFNBJOJOH MJIJWF
NBOZ U BigyoM BPMPOJFT IBWJOH CFF
- BIOE/BIBEOEZ NBUTEBW B STFHIBOBUUPQQM
] SEDTUIPODFG UBBMHME MPHO FPIREB W F S
E EZBINIFUGCRU WPNUUFP PRVGBIQPDO UIF FB
G PBIEO KV WIBM4ID B 8P XBIWHE N JO EJB
IBCBBB ETF FFTHEPEM BEUDNBMO MBROQPG SP
5 B GG FUIFSF SBPOGT MWPIEBWHE DM I BBV
|l EBQGHASE WM BbP EFEMJHS B X WO BBNOEX B
PXTIBMM BOEXRB TBEMIFUB R BEC DBEIC® BSJ
JIPETMEENYFG BOE JUT DPOEJUJPO 3
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Critical Data - Region by Region

South Asia East Africa

3FFGT DPOUJOVF UP CF EFHSBHAEDXWVSSPFOBMOROEJOHBPEBF G DPSBM S
TUSVDUIJWF mTIJOH QSBDUJDFTW PWRZFFQ CRIABEOUIRPE SFHAWBNWWE NPS
UJPO BOE TFEJNFOUBUJPO ulBU MBSHFMZ FTDBQFE BSF JO HPP]I
3FDPWFSZ GSPN CMFBDIJOH SFIMBMREZDPBWMSNPS WBIMWIRIJ YPBRISG& DP SBM
0o+ JT TMPX BOE QBUDIZ hF CFARWFRHDPWEBNM IBRFSWEBAMDIUZ BSF JO C
SFDPSEFE JO BSFBT XIFSF IVNB6VBD UIMXIQ MIJUBSIF MBOPWFEFSZ

BHFE TVDI BT JO .1"T BOE NBSWFS ABONMDRMBEBSUFAO EFTUSVDUJWEF
8IFSF IVNBO BDUJWJUJFT SFNBYQOMWIVIBIROMB@WEH FEFNFOUBUJPO DP
DPWFSZ IBT CFFO QPPS DPSBM SFFGT JO FBTU "GSJDB BOE 1J
hF JNQBDUT PG UIF UTVOBNJ BOGDPRSBIVZ IEFGBISHFSBM FOWJSPONF
IJHIMZ WBSJBCMF BOE SBOHFEOFPSRINFCGPHNMODZBCMBT .EMFO MJIJNJUFE
EJWFT (VMG PG .BOOBS *OEJBnWYF PN BDFSBWFSBMEB-DSVJUT BOE DP
NBO BOE /JDPCBS *TMBOET UPCFBEWHRIFI@QBEJUBCES

-BOLB /JDPCBS *TMBOET hFeNPHOTUEWEBEMEBNDBBIGHFT IBWF PDDV S
UP DPSBM SFFGT BOE BEKBDFQRTDPHETAUNMEO PP SBIM DPIME/OJUIFT
XIFSF DPSBM NJOJOH IBT CFFO ESBNDBMWW TQFDJFT BSF CFJOH SFQM|
$POTIJEFSBCMF DIBOHFT IBWF FFODYVSSHAE SO/ IWFBDRNRRPgg+ CMFBDIJ
TJUJPO PG DPSBM DPNNVOJUJFEXNBO®B QSEWMIAFYNCKMERRNT PG OFX SF
OBOU TQHDBagdaI BFSH CFIJOH SFQOEBBFEICZE I TAGIL VBINIBEGDFEFE UP
TQFDJFT UIBU FJUIFS TVSWIWFPRSF 8&64BTNBEBIBIOPBOBEB BOWE OPSUIF
PS IBWF EPNJOBUFE BTTFNCMBHFISFRGBROFXOBEBEVAMFBDIJOH FWFOU
hF FTUBCMJTINFOU PG BXBSHOMMIOIBJdIORGE@EPSBMT JO ,FOZB |
HSBNNFT BOE DPNNVOJUZ CBHFEMFRENQBSBUJIP®@ DPSBM SFFGT JO
QSPKFDUT IBT SFTVMUFE JO JIJHOUEBPBOVUBFDMDOBYSFBOI XAFSF |IVNE
TUSVDUJWF DPSBM NJOJOH BOWNBOBHHAE @SBEDHSIPEFUOFS XJUI JODSFBT
hF JOUSPEVDUJPO PG TFWFSBKDBPMPNTOBVWMZFWNBMYBMMPHEEB SOJWP
BOE JODPNF EJWFSTImDBUJPO UIBIF NBFPTF OCPUIRBYBKFEGMT]I DPNNVO
.BOOBS IBT SFEVDFE QSFTTVSF ®®UPESBMTNENEMSFOFBINFOT PG MPX
BOE JINQSPWFE UIF FDPOPNJD TUBMIFAG mTIFS GBNJIJMJFT

%FTQJUF F PSUT UP BEESFTTe USP NVNO\EG SWZZ CBH BB WPROIIPBSIOH QSP
DPSBM SFFG EFHSBEBUJPO UIFBDWVDEUUREO BTG BTWFFBGATDBYMMZ SBJ°
UJOVFT UP EFDMJOF BT B SFTVWRBP Q@BOBEMRRN\UBLMUWBNF®S PG TFW
SFHVMBUJPOT QPPS FOGPSDFWBOUPQOIBBEBHGY QPMS DPINBNW OJUZ NB
XJMM UP TUSFOHUIFO MBXT BOE JNQSPWF FOGPSDFNFOU

JOTV DJFOU BXBSFOFTT PG UIF JNQBDUT PG IVNBO BD

UIWJUIJFT GFX PQUJPOT GPS BMUFSOBUJWF MIJWFMIJIPPET PS
JODPNF EJWFSTImDBUJPO



TPMJE WPMDBOJD SPDL TVCTUS
UIF 4FZDIFMMFT FYIJCJUFE WH
SPDLZ GPVOEBUJPO PG UIF SFH
PG UIF UTVOBNJ )PXFWFS HF
PO MFTT EFOTF MIJNFTUPOF BD
PG DPSBM HSPXUI XFSF NPSF
UTVOBNJ CVU UIF NBHOJUVEF H
EFQFOEFOU PO UIFJS DPOEJUJ
TPMIJEBUFE MIJINFTUPOF GPVOE
XFSF CFUUFS BCMF UP BCTPSC(C
UTVOBNJ BOE HFOFSBMMZ FTD
SFFG GSBNFXPSL BOE POMZ N
DPNNVOJUZ 3FFGT EFHSBEFE
DPSBM NPSUBMJUZ PWFSMTIJ
QPMMVUJPO TV FSFE DPOTJEF
BT B SFTVMU PG UIF UTVOBNJ N
SVCCMF X1JDI BCSBEFE BOE EF
BOE TNPUIFSFE BSFBT PG SFFG

hF FYBDFSCBUJPO PG UIF JN
DPSBM SFFG EFHSBEBUJPO XBT
TIJUFT JO 4SJ -BOLB BOE UIF 4H
UIF FBTUFSO BOE TPVUIFSO DP
CFFO EFHSBEFE CZ CMFBDIJOH
QBOU DPSBM NJOJOH EBNBHF
RVFOUMZ TFWFSF XJUIl MBSHF
BOE NBTTJWF DPMPOJFT VQ UP
FYUFOTIWErfod EGNPNWILTIFE CZ
CMF hF SFEJTUSJCVUJPO BOE
TVCTUSBUF DPWFSFE CZ DPSBN
BOE MJLFMZ UP IBWF CFFO DB
EFBE TUBOEJOH DPSBMT UIBU
CMFBDIJOH

*O UIF 4FZDIFMMFT UIF TUSV
CPOBUF SFFG TUSVDUVSFT TVS
HSBOJUJD JTMBOET IBT CFFO DO
JOH BTTPDJBUFE DPSBM NPSUB
CJP FSPTJPO BOE EJTJOUFHSB
B DPOTFRVFODF UIF TVQFSmMD
UIFTF SFFGT JT DPNQPTFE PG
XBT FBTIJMZ NPWFE CZ UIF UTV
BOE CSFBLJOH CSBODIJOH DP

S BXIBET TFWCASE-TBWE HG B® NUWJDBSIHAG D B
rSZIiMIJUUMFEF EBNBHF BT UIF EFOTF
G XBT BCMF UP SFTJTU UIF FOFSHZ
DVlreats DPSBM SFFGT GPVOEFE
DVYO VAINEWE E TWIES BOHE BINMORCOUOFBDPBT
WVIQSFBEBCGAWFSPYEBWBHMBOZPWI PG mT
PGUEBEBRBHB UERHBEBERSERGHEF RBODEJUJP
P@INWFBAMUIPRP SFPEFXJUIB ®GPIMVSF P
B UINJFPROJ BCOEET BiIP RGP M B V\BFO B PN BWIF MR WPAPSE
PNPEFTBOEBNP SFIFNFOFRSTHXU P G/ URFJO |
BHAEIJOHIUFDUOBBRNBRF*OPSBIOFBOJB U
J GFPS] TEPBINTB BI'F DUFAN NIPRO DRISBIM JO PUIF
CZSTFHWHFG FQBWRBEDNM®D BISFMBIUFEB O LB
D B OEI £EF6 DD TTHREIMNF O TU BBYAOQORSD P O
> BEQE INPSBFMEBRBNY OQYJINRBSIMZOEJB
PWJWH nFWESTOBG® JFOOEN NBBILEBUTFB T
T UhSPIZFEBND S CB K DAPHS BJMFDPYWIFQJIOTH F
GSPN TBUJTGZJOH EPNFTUJD BOE T
QBDBD PNBOHB ABIMFEBBID UJXZNJUJFT OQE
[ PNEQAMPA/ HFNPIBTBGB UFBH B UGISPIDIBB B S
rZDFEMNFO U BO JPIG 8BOEG D BWNOWIP O
BBBFHTG 4SJ -BOLB XI1JDI IBWF
PWF IPWOVPIUB BOAEO&SBOE SB8JDB D
BN ORYWDIB Q BUDIISZF BXB U PGWBIF GVODU.J
D PISERAW IEINPRDL D IBOEFMIWE ®GISB/ADH OHE
_VTEBHR EFJ®CN PIVFFISGN S OBEMBO¥N DB S
TINEOUJWPRPIVFCGSPN UIF TVCTUSBUF E
J PSS MBTOE JOIRSF QBFPZQBSKE JPBL PE UP
Vi SYEQKVEFXBREMBBENECBOD POIRYVYOUPN 1B D
vV TNFEU O E QM FF B GTRISSDUANHRSBW PR SHEGE V M E
XHES\WH BIMN AWB UZSEB W DIPNOTWMID MFZJO C
HBTDBS 5BO[BOJB BOE .P[BNCJRVF
D U VOSBIM- O OWI IFHESD U ZWRPI® Al BETZ WDIBFSD I B S
SEVOBJEGB NBOZBPSFMIFUQOWFME I BM
PRQOQBPNJ TTHEQGAB DEBWEHFBE EMMBBEDJIOEV
MPQZFE SBUFds B B OE LUOFUT V¥ OTARZV PG U% E
UJWPIG BE RO B JFHF GOGHIBNSAHEPBG FOWJIS
JBWB SHIFGT DB BY¥DRIYBSFBRGPNOB O BBE C
VODBRMPXIEBUWFETSEEMIF XIFDDPBTU
OBUNUZBCBBEHd EH MSIWAOH DPBSBME WF
SBMT B FRRVIWWMUJIFHBEBNBBBDF BOE
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BOE mTlI QPQVMBUJPOT PO NBO
WFS UIF EBNBHF DBVTFE UP U
IBT SFEVDFE UIF F FDUJWFOFT
BT CSFBLXBUFST hF DPOTERVH
EFNPOTUSBUFE XIFO UIF UTV(
GSJOHJOH SFFGT DBVTJOH XJE
NVOJUJFT JOGSBTUSVDUVSF B
DBTFT BMPOH UIF FBTUFSO BO
XIFSF DPSBM NJOJOH JT SBNQB
SFEVDFE CZ IBMG BOE MPTTFT
8 N XFSF DPNNPO *O BEEJUJPC
NFOUT MFGU CFIJOE GSPN NJO
P FSJOH MJUUMF TVJUBCMF T
DPSBMT BOE BCSBEJOH TVSWJ
PSHBOJTNT *O UIF TIPSU UFSN
CZ JOTUJUVUJOH SFHVMBS FOC(
MBUJPOT UIBU QSFTFOUMZ BM
UJPO BOE CZ JODSFBTJOH mOH
EJTJODFOUJWF UP UIPTF FOHB
UFSN TVTUBJOBCMF BOE FRVE
QMPZNFOU PQUJPOT NVTU CF P
JOH JT UP CF TUPQQFE

4VDI BMUFSOBUJWF JODPNF |
CF DPNCJOFE XJUIl WJHPSPVT
CVIJMEJOH DBNQBJHOT GPDVTJ
UZ QBSUJDVMBSMZ TDIPPM DIJ

8IJMF DPSBM CMFBDIJOH BO
QIFOPNFOPO UIBU IBT BDDEMF
DPSBM SFFGT UISPVHIPVU UIF
FSUFE CZ PUIFS IVNBO BDUJWJ
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Income Diversification and Alternative Livelihoods
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'"SFWJFX PG FYQFSJFODFT B
JNQMFNFOUBUJPO PG BMUFSOBE
4SJ -BOLB IBT JEFOUJmFE B O
NVTU CF DPOTJEFSFE GPS UIF
MJIPPE QSPHSBNNF *O PSEFS
OPNJD EFWFMPQNFOU JU JT F
UISFBUFO UIF TVTUBJOBCJMJU

QSPHSBNNF CF JEFOUJmFE BOE

NBOOFS JO UIF EFTJHO BOE JN

HSBNNF 'BDUPST UIBU NVTU C

o Financial viability ohF BMUFSOBUJWEFT|
mOBODJBMMZ SFXBSEJOH BT
X1IJDI QFPQMF XFSF QSFWJPV]
CF B NBSLFU GPS UIF QSPEV
HSPXO XJUIJO BO BMUFSOBU
UIFTF DSJUFSJB BSF OPU NFU

o Social norms and perceptions, the demographic composi-
tion of the community and gender specific roles 0 U | R
GBDUPST QMBZ BO JNQPSUBO
DJBM BDDFQUBCJMJUZ PG UIFR
UJPOT GPS UIF JNQMFNFOUBLU
CF UIPSPVHIMZ VOEFSTUPPE

o Expectations and contributions of the target group 0 J U
FTTFOUJBM UIBU UIF DPOUSJ
NBLF BO BMUFSOBUJWF MJW
BOE UIF FYQFDUFE CFOFmMUT
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UBUJPOT PG VOQSFDFEFOUFI
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NVOVOEBEFB BBEIEIBMTBIUMFTBDR/ S6JUJBM
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XUUITTOMF®BB SU DBDW BSF POWIMZ XBZ UP
DYGAFrNQOMBZIN FO®P B®OEJPOWJISPONFOUI
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NFOUBMMZ TVTUBJOBCMF mOB
DFQUBCMF hF FTUBCMJTINFOU
QFPQMF MFTT WVMOFSBCMF B(
GPPE TVQQMZ BOE JODPNF *(
NVTU CF DPOEVDUFE JO DPOKY
DIJmDBMMZ EFTJHOFE UP FEVD
FOWJSPONFOU UIF JNQBDUT U
UIF OFFE GPS BOE CFOFmUT PG
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Awareness Raising
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UISFBUFOFE UBCMF ¢ (SFBUH
NBOBHFNFOU MJOLT TVDI BT
CBTFE DPODFQUT NBZ IFM@45F
JO QSFTT IPXFWFS UIF QSPH(
JNQSPWFENFOUT JO NBOBHFNFO
UIF CPBSE UBCMF 8 5P BEBQ

QMFY BOE MJOLFE DPOEJUJPOT

"GSJDB BSF CFJOH PSJFOUFE |\
QspPBDI MJOLJOH NPOJUPSJOH
DSPTTJOH CJPMPHJDBM TPDJ
CPVOEBSJFT $03%*0 T JOWPM
DPOUFYU PG DPSBM SFFG IFBM
FBSMZ JO #ii6 JO MFBEJOH UI
NFOEFE SBQJE SFTQPOTF NFUI
BHF DBVTFE CZ UIF UTVOBNJ P
*434 AiT0

STATUS OF REEFS

$03%*0 IBT DPOUJOVFE UP TVQ
JOH TVNNBSJ[FE JO UIF OBUJF

.PUUB $PTUB fiiGra.P RABNON PE
AiT6B hF FYUFOU PG DPSBM SH
JO 6geg+ IBT CFFO WFSZ WBSJB

DMBTTIJmFE CZ TDJFOUJTUT BU
UPUBMMZ EFTUSPZFE

UBCMF i

£ ST P XFOIS BIUUSPROO IO STFIDPROSZ B PFEXFW F S
UIBIB WP IBSFE TJR XF AGBWIMM BFDPWFSZ U
E VDIFP O N Q8BUFT B WSHIBEEZ EFHSBEFE CZ Pl
D POE G RITFQP\PISB BJ WOV b AUBK®BUF PG SFL
U GVRISRC MNBD B D B QIBIBIWR BIBSPMBE BMSF B
U UE@HUBROTE WY M OFBBIMAVEPBBM TQFDJF
®BINFE CZBPQYDRPSWMIITO KB BOE TUSF
JPXBSES BT S FSIMGFODFEXCOBHFEIBQMFBTU
XJIPIT B FUNBRISOF SFSPX EFUTUFBAEBMUI QS
b FEW B ENFFID BOFED MBD EHFDNFSPWJID BOE M
WBNNEE NOORPSFCHUFBBEFGH JODSFBTJO!
U | BROCEE BT H X O TING QW PXSEITT J MUWBSTWTSIBUG G F T
- EBWHBITEQNFOE )BGNGSFMDPWHBM #MPPN
P EPAVBRMHFZE @R 6 BF URF TNEKP EBMNDBSF JO fiil
G fiB) 86 DHNVOBN Ji iPEG fi®3% FDFNCFS Aiio S
"GSJDBO DPBTU JO ,FOZB BOE 5BO[BO
DPSBM SFFGT XBT OFHMJHJCMF UIPVHI
AFBHSBTT NPOJUPSJOH IBT HFOFSBM
DPSBM SFFG NPOJUPSJOH QSPHSBNNF
QB S U, FDOPZSES M| 56 FEEO NFPYGUIUPBIJPO JO QPQV
> O\B M SPNQ PBRBIMORUIDTDBWPVAENBO VQSPE
VBINPOH MPDBM mTIFSNFO XIFO JU EFO)
FOISFPPMWBSZ TBODEBW GRBSABSUIJTBOBM
CMHZ XUl DNOPSFTUP OTF CEIDK*0 DPMME
|JAOBBT.IBBSOATBOFP §F MZBEBNBORE JUV L
URIJISATZ UPF QD MO U BRBS BFBBGSEBE BT NP O
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Table 1.

Summary status of coral reefs in East Africa, extracted from Obura 2004 in Wilkinson 2004

100 years ago

pollution around towns

coral reefs largely pristine, except for localized extraction around towns and villages, and point-source

1994
coral reefs in East Africa
2004
reefs, the former causing declines in some 3
On the positive side, management is improv
management and environmental legislation

at a coastal population of 10-15 million, subsistence and small scale fishing were the dominant threats to

coral bleaching in 1998 and a coastal population of 22 million are the two primary threats to East Africa

with a likely coastal population of 39 million people and probably repeat of a coral bleaching event similar in
magnitude to that in 1998, the prognosis is poor. Significant investments in capacity must be made in all
areas, in particular finance, to mitigate the hardships likely to impact vulnerable coastal communities

0% of the region’s reefs, the latter probably slowing recovery.
ing in all countries, in Marine Protected Areas, fisheries
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Table 2. National summary of reef state in 2004 (Obura 200

Kenya

Tanzania

4 in Wilkinson 2004)

Mozambique South Africa Overall

10
30
30
30

£ °seriously damaged or totally destroyed
O sstrong recovery since 1998

1° high risk: clear damage

{° medium risk: moderate damage

X °low risk: healthy and relatively stable

10
30
20
30
10

10
30
20
10
30

7.5
30
20
25
22.5

NA
10
30
50

£ °90% of the corals are gone and unlikely to recover soon.
1°50 to 90% loss of corals and likely to join category 1 in 10 to 20 years.
{ °moderate signs of damage - 20 to 50% loss of corals and likely to join categ

HSBTT IFBMUI BT XFMM BT TFB
BSF CFJOH FYQBOEFE UISPVH
QSPKFDU + 6LV VOQVCMJTIH
NBOFOU NPOJUPSJOH PG TFBH
,FOZB BOE JOUFHSBUF UIJT X
NPOJUPSJOH

Destructive and Over-Fishing

hF MBSHFTU MPDBM UISFBU UP
FSFE UP CF mTIJOH. .DI$MBGBIIU
UIF TQFDIJmD JNQBDUT WBSZ B
UP UIF SFMBUJWF JNQBDU PG
HFBST BOE NJHSBOU mMTIFSNF(
UZQFT PG ESBH OFUT BSF UIF N
UJWF HFBS UIBU DBVTF TJHOJn
OJMEF mTlI QPQVMBUJPOT BOE
JODSFBTFT BT DBUDI SBUFT VT
VBMMZ PQFSBUFE USBEJUJPOB
QMZ PG VOFNQMPZFE ZPVUI BO
MBSHF OFUT BT MBCPVSFST hF
MmTIJOH JO MBSHFS SFFG TZTUR
JO QMBDFT TVDI BT 5SBOHB 5B(
QPTIJOH TQFDJIJmD DIBMMFOHFT
$PNNJUNFOU UP DPNBOBHFNFO
XIJMF TIHOJmDBOU F PSUT BSH
UP EFWPMVUJPO BOE SFBM TIB
JODSFBTJOHMZ OFDFTTBSZ "M
"SFTVSHFODF PG EZOBNJUF
5BO[BOJB %BS FT 4BMBBN 5B

ory 1in 20 to 40 years.
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Figure 1. Mean percent cover (and s.d.) of hard corals at So
lands during 2000 and 2002 (right).
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Kenya -

Coral Reef Resilience Studies

%"7*% 0 O0#63"

$03%*0 &BTU "GSJDB .PNCBTB

keywords: ,FOZB DPSBM SFFGT DPSBM

INTRODUCTION
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GSPN UIF ,FOZB .BSJOF BOE 'JT
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XFSF BMTP BEEFE UP $03%*0 T
SBJTJOH BXBSFOFTT BNPOH SH
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EBUB PO DPSBM SFFG TUBUVT
TUB BSF MJNJUFE 4FF SFQPS
0ooo A&RVURB -JXEFOIIA
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,FOZB
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Table 1.

in Kenya

Component

1. Ecological
Monitoring

2) Sea surface
temperature

(SST)

3. Coral
population
structure
and
bleaching
condition

4. Permanently
marked
corals

5. Experimental
manipulation

6. Tissue
sampling/
zooxanthellae
analyses

7. Bleaching
resilience

8. Graduate
study grants

Objective

To identify long term trends
of bleaching vulnerability
and recovery.

To monitor in situ temperature
trends relevant to coral
bleaching, differences among
habitats/zones and ground-
truthing of remotely sensed
data.

To develop improved
indicators of coral
population stress and
recovery.

To monitor colony-level
bleaching and survival
dynamics of key coral
species at key sites.

To identify causal relationships
between temperature,
bleaching and mortality for
key corals and related
organisms.

To monitor zooxanthellae
population parameters
corresponding to coral
organismal measurements.

To assess the resilience of
individual study sites, sub-
regional and regional reef
systems to coral bleaching
and other threats.

To build capacity in coral reef
science and monitoring.

Methodology

GCRMN/participatory methods applied
by each site/country team,
upgraded where possible.

in situ placement of temperature loggers
at reef monitoring sites; 1 hourly
sampling retrieved after 6-12 months.
May be placed at different depths and
zones to investigate differences in
temperature and coral bleaching.

Haphazard 1m? quadrats or circles;
measurement of size, species and
colony condition. For detailed size
class distributions use of 50x2 m belt
transects; selected species, measure
maximum diameter.

Permanently marked corals using 50 m
reference tape, monitoring 2-3 times
yearly for growth/condition.

Known colonies from sections 3 and 4
used for experimental manipulations
for bleaching resistance.

Tissue analysis for zooxanthellae
identification, health assessments,
measurement of population parameters,
etc.

Analysis of results from 1-6 with

other regions and studies. Identification
of thermal protection, resistance and
tolerance, and resilience variables for
testing through 1-5.

Degree support for graduate students
working on components 1-7 above.

Components of coral reef resilience research integrating CORDIO supported reef monitoring and studies

Status

Ongoing in northern Kenya,
partial in Mombasa.

Mombasa and Kiunga.

Haphazard circles applied in
Kiunga (1998 to present),
Mombasa (2003 to present).
Belt transects to start in 2005.

Mombasa (2003 to present),
Kiunga (started 2005).

To be started in 2005, building
on findings in Visram (2004,
this volume)

Ongoing since 1999, to be
improved and upgraded (see
Visram 2004, this volume)

Outline to be developed
in 2005.

Under development, integration
with GEF-CRTR scholarship
support.
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Figure 1. Schematic diagram of the hierarchical components of resilience studies of coral reefs in Kenya listed in table 1.
Primary study sites are the Kiunga and Mombasa Marine Parks in the north and south, respectively, marked by

stars.
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1. Ecological Monitoring
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2. SST and Climate Monitoring
8JUI UIF EFCBUF PO UIF MPOH U
JOH TFB TVSGBDF UFNQFSBUYV
DIBOHF PO DPSBM CMFBDIJOH
0g@@d )VHIFTITO NPOJUPSJOH
B TUBOEBSE BDUJWJUZ PG SFH§

li“«iA>10ic ®
T

O E|

(of

BTOJBFWFQSDTMIMHONMMESIFOEH XBUI UIF &M

D PEBDF BUT BBPTSF Ai0oR T KA FOCVEBQFSBUVSFE

/38B +P GFNRS U IFMBUOWEFMFBDIJOH BOE

BGE K XBITMMFIOHUBEBE® A Loz UPPFF MBUF
PS 6B FRMFOBRY JOUDFBRBIFHM AFBNQFSBUV S

| FTBMXSIF BEZEMPX BPRNODNBBHFODH PUGXP CMFE
BOE fit1io NFUFPSPMPHJDBM EBUB GSPI
MPHIJDBM %FQBSUNFOU BOE 1BUIMOE
/0"" IBWF CFFO DPNQJMFE hF GPSNFS |

JFS NBSB/NFHITDBEIRRNR B £ KB SN0 BOE XJIM|
SFQSBZBEOGS PN MMPITBD HDO MBNBIUFSFBEJC

NEIODINNW N )BFS lUNVMMEEFBWHY SF TPMBS S
445V B TPO/ROPNFSFDIQJUBUJPO FWBQPSH

FGXNEe DB JUPRRD BAE EISBNNFAO BIOE BUN

E £M™MM™EE EM™MMCE E™M™nE g™ ™ ™M E 0444k 044tk 60a40E 0aalE O04a{E

Figure 2. Long term sea temperature record for Mombasa Marine Park from 1996 to present, for depth <1 m at MLW.
Data shown are monthly mean and standard deviation, minimum, maximum values. A data gap for May 1998

December 1999 was due to a faulty logger.
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Figure 3. Annual daily temperature records (mean and maximum) for Mombasa Marine Park. The annual period is shown
from July to June to show the increase in temperature from August to March. Same dataset as presented in
figure 2. The dark red line shows the temperature profile for 1997-98 which culminated in mass bleaching and

mortality of corals.
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Table 2. Summary statistics of recruitment in the Kiunga Marine National Reserve, 1999-2004, showing total area sam-
pled, mean, standard deviation and maximum recruit density (m?) and the average proportion of empty quad-
rats per site

Area sampled (m?) Density (m) Empty quadrats (%)
mean maximum
1999 131 0.138 0.078 2 88
2000 162 2.219 2.422 27 35
2001 177 2.201 2.395 18 37
2002 188 1.007 0.618 8 52
2004 45 1.574 1.507 15 30

Source: Obura (in review)

Table 3. Permanently marked corals at two sites in the Mombasa Marine National Park, showing the number of colonies
in 2003 and 2005, and the proportion of pale, bleached and dead colonies at selected times during the bleach-
ing event of 2003

Nyali Mombasa No. of colonies

May-03 May-03 Aug-03 2003 2005

pale bleach pale bleach dead
Pocillopora 19 47 18 6 68 37 81 133
Favia 10 0 0 17 2 4 80 121
Porites 18 6 1 6 2 0 90 107
Favites 15 0 0 16 0 0 62 101
Platygyra 4 1 4 3 0 0 54 83
Pavona 4 7 13 0 0 25 46 61
Galaxea 17 4 12 27 0 6 43 55
Hydnophora 20 0 7 26 0 8 26 39
Echinopora 24 7 5 49 0 20 26 36
Acropora 5 0 11 0 0 83 18 33
Astreopora 8 0 26 10 19
Montipora 9 30 17 18 9 26 18 19
Goniopora 21 0 0 9 16
Goniastrea 16
Cyphastrea 11
Leptoria 10
Other 19 14 0 14 10 8 48 30
Overall 14 11 8 14 9 9 611 890

N JO fAiiT BOE fAiid CFGPSF EFDMJPB G5 AN JHI MECWBE o6 $PODMV'
N JO AiifA ATi6 hFTF SBUFT BSF GBPWIRIMPXXRS/FDEODAMVEFE 0CVSB JO
NFBTVSEFNFOUT PG DPSBM SFDSVd UNFGUT JO© dbFiB 8 & BOBREEGE SFEPGVJIUNFO
JO .BMJOEJ BOE 8BUBNV JO TPVUIB®E FOZBSTXIURI BWEHSUP UIF EJTQFST
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Differences in bleaching resistance between Pocillopora damicornis, P. eydouxi and P. verrucosa at Nyali Reef,

Mombasa, April-August 2003. The y-axis shows the percentage of colonies showing normal, pale and bleached

condition, and mortality.
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Figure 5. Maximum levels of bleaching and mortality of indiv
National Park in 2003 (from figure 4). Bleaching wa

idual colonies of Pocillopora damicornis in Mombasa Marine
s noted shortly after 20 April, 2003, and observations were

recorded on 1 and 18 May, and after all bleaching had ceased on 11 August 2003. Maximum bleaching was
generally recorded around 1 May 2003, and maximum mortality was recorded on 11 August 2003. Left -
frequency distribution of maximum bleaching and mortality (proportion from 0 to 1) for each colony; b) pairwise
comparison of maximum bleaching (May) and mortality (August) by colony. Spearman’s rank correlation of max-

imum bleaching and mortality R = -0.516, p = <0.0
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.BZ WBSZJOH CFUXFFO [FSP B
DPMPOJFT BOE EFDMJOFE UP |
P damicornis JODSFBTFE UP BO BWF
DPNQPTFE PG DPMPOJFT UIBU ¢
VSF 6 BOE UIPTF UIBU EJFE S
JOH BOE NPSUBMJUZ MFWFMT T
SFMBUFE 4QFBSNBO T DPF DJH
oi 606 Q 116 BMM DPMPOJFT
MEWFEMT Ufii+ TIPXFE GVMM SF
UIBU XFSF SFDPSEFE XJUI [FSH
oii+ NPSUBMJUZ CZ "VHVTU 5X
EFBE CZ UIF mSTU TVSWFZ PG
UIFZ CMFBDIFE CFUXFFO A1 "Q

5. Data and figures adapted from Obura (2005).
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Table 4. Coral species being monitored for seasonal/
annual variation in zooxanthellae population

structure, Mombasa Marine Park

Coral species

Acropora sp.
Astreopora myriophthalma
Echinopora gemmacea
Favia sp.

Favites pentagona
Fungia sp.

Galaxea fascicularis
Goniopora sp.
Hydnophora microconos
Montipora spongodes
Pavona decussata
Platygyra daedalea
Pocillopora damicornis
Porites cylindrica

JOUFSQSFU DIBOHFT JO [PPYB
WBSJBCMFT EVSJOH B CMFBDIJ
11% TUVEZ PO [PPYBOUIFMMBF
[PPYBOUIFMMBF QP QNMBbinddr@ T|
DPMPOJFT XBT DPNQMFUFE 7J
UlJT WPMVNF

7. Resilience

"T B GPVOEBUJPO GPS TUVEZJ(
DBM UP SFHJPOBM TDBMFT UB
UuJrPpoO QMBZ B DSJUJDBM SPMF
DPSBM GBVOB IBT OPU CFFO St
)BNIJMUPO #SBLFM 08g+6 XJU
PDDVSSFODFT BOE EJTUSJCV U/
SFHIPO TIPXT B SFMBUJWFMZ N
HMPCBM BTTFTTNFOUT 7FSPO
AiTAofAiié6 IBT CFFO QVU JOUP D
DJFT MJTU TIPXJOH SFMBUJWH
BMPOH UIF NBJOMBOE DPBTU P
TJUFT IBWF JODMVEFE ,JVOHB

,FOZB .UXBSB 4POHP 4POHP [

BOE TPVUIFSO 5BO[BOJB BOE 1FNC
CJRVF 8IJMF OVNCFST BSF QSFMJN
PG DPSBMT JT IJHIFTU JO OPSUIFSC
FSO 5BO[BOJB XJUI PWFS fi6i TQFDJ
DPWFSJOH BQQSPYJNBUFMZ 87 LN P
DPSBMT EFDMJOFT OPSUIXBSET JOL
, JVOHB XJUI TPNF Aii TQFDJFT (
NFOU PG EJTUSJCVUJPO QBUUFSOT
UIF NBJO *OEP 1BDJmD BOE UIF (VI
TDMFSBDUJOJBO GBVOBF H34&HIPOBI
rea indica Gyrosmilia interrupta B Qlkwmastrea irregu-
laris BSF QSFTFOU CVU JO SFTUSJDUF
%J FSFOUJBM TVTDFQUJCJMJUZ PG
CMFBDIJOH BOE NPSUBMJUZ PG 00¢
EJTUSJCVUJPO QBUUFSOT TVDI BT
UJP@rdpoka TQFDIFT UP DPSF BSFBT J!
OJBoOPSUIFSO .P[BNCJRVF BOE UIF
GSPN QFSJQIFSBM BSFBT JO OPSUIF
$POTJEFSBUJPO PG PUIFS BTQFD!
OCNFMMBVF CEBOGTINNQEPWROEBCPUIFSCBT.
O K BFWF OGS IDBSCAHOEMBBABOEB. BOHVC
EDWSBRFAURVEBEOBIEPPBWEBE ZSFGQPOTHF
JOUEMEBDFIFE UIBU EFQUI BOE TUFFQ
TSEBNEAKDOUITAPXB MWMFBDMBN MIJLFMZ
B PSEFE CZ QSPYJNJUZ UP DPPM XBH
PUIFS GBDUPST FYQFDUFE UP EP UI
PG UFNQFSBUVSF nVDUVBUJPOT 1Jt
B SPCVTU SFFG [R/NN\VI@®JIWBETLB MANB M
DHAQ B8 UBDFE O P WP Gh 5 BTOIBVM E DITF OBFUF BMTP U
YR®BRNZ BHOFES P Q F RMFBIO VB FMWBIMIP B P (
h@&B & BEEUE'BGJBI DPM M BPMFSBD® UOOTB QB
FWBIT B ENTQIUOPE ¥ PSSRVHO BMJISOUIIOH $0
)| HUS B N\S\FH XMW DDIBMMBEZRPBIHJIJOH QSPI
IPOT BSF QPPSMZ LOPXO BOE UIF
| FBX GRaduate Jupipe/Suppa@t PDFBO TDBMF BOE
AiB O Z PKBOUNDBWR) B®ES SRIFBNSDIFST
P NSD B O HOB® K/FIEBBURBWRMNPWFE PO
BCPWO EREG BB UBMYEBOXT UGEGCSEDBOTZ G
GWBIE XESLDBIUISFONRSBD TYGWHKFEZ DB
C5FFSTU MFBFG0 DRFOZBVETPVUUAE GG PMMP X4
3 OlB WE B( ¥ BB D P DI QOAFIJB-M
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11% 6, o DPNQMFUFE TUVEZ

FSZ BOE SFTIMJFODF QBUUFS

JOTUJUVUJPOBM IPTU 7JTSB
.BTUFST
QSPHSFTT UP GPDVT PO DPS
.BTUFST #FMHJVN o UFOUBU

NPOJUPSJOH BOE UIF VTF P(

NBOBHFNFOU BOE QPMJDZ EF

DISCUSSION

hF DPNQPOFOU TUVEJFT EFTDS
JOUP BO BOBMZTJT PG UIF SFT
hJT XJMM FOBCMF UIF FDPMPH
UP HP CFZPOE EPDVNFOUJOH
IBQQFOFE UP QSPKFDUJOH TDH
EFHSBEBUJPO BOE QSPWJEF Q
00 UIF TDJFOUJmMD BOE DBQBD
SBOHF PG MJOLFE TUVEJFT XJN
SFFG SFTFBSDI XJUIJO UIF OB
BOE QSPNPUF IJHIFS TUBOEBS
DPMMBCPSBUJPO BT XFMM BT
hF TUVEZ PG SFTJMJFODF JT
BMJUZ PG UIF UFSN BOE UIBU J
FOU DPNQPOFOU PS UISFBU PG
FSZ JNQBDUT BOE QPMMXUJPD
8JUlI SFTQFDU UP DPSBM CMFBI
BOE 4BMN fiiido0 QSPWJEF UIF C
GSBNFXPSL XIJMF /ZTUSUN BO
'PMLF RAiid #F/O HTOT PROMMR Wid
QSPWJEF UIF DPODFQUT PG G\
TQPOTF EJWFSTJUZ UP IFMQ P
BT JU SFMBUFT UP UIFSNBM TU
AiT6 1VUUJOH UIFTF UPHFUIF
DPSBM SFFGT XJMM EFQFOE PQ
CSPBEMZ TIJNJMBS SFTQPOTFT
CSBODIJOH DPSBMT UIBU BSF
TMPX HSPXJOH NBTTJWF DPSB
Aiid UIF FDPMPHJDBM SPMFT
UIFJS SFTQPOTFET UP PUIFS UIS
JOH NBTTJWF BOE TNBMM DPS

606

,FOZB 4XFEFO TBOI

P® PBBYB OM FB\DMBFHSEPRW UP QSFEPNJO
O3 JQFUBBUBHWEFBUIFIF MIFD@BIPWJITIPO P
N FiTi6BOE UIF SBUF PG SFFG BDDSFUJP
= XTD$ WIS PHSBINBIG E0OSFOJMIJFODF NBZ EFL
B ME BFDPSOVEIMMEOWLG UIFTF CMFBDIJOH SFT
JVBFE LWWPFSPDYVZ PO® SPPYMPHUPBMP PUIFS
5 UOBESEBEBPOJOE NBSBDBFE SFFGT XJ
WBEBEQMNFOLFT UP SFTJTU UIFTF PUIFS Ul
3FTJMJFODF TUVEJFT OFDFTTBSJMZ
BOE JOUFSQSFUFE PWFS NVMUJQMF B¢
JOEJWJEVBM TJUFT NBZ TIPX VOJRVF L[
JCIBEVBEP®/TF XYMMUIF XOSEH®B\FREZB EFT
JNFYFUBIOFE PE DP 9B MV E B T JOF TF 0 BB O [ |
J DWBIIG PNVRHO JIUIPIS MBI REBRHISPEN N FT 1 $03%*0
J NBYBED UTSB MHJ CBAXFJBMSFBEIXWFT MJITUI
08§ UXP SIPID B FFDPEN FG U FISD BYSRIOBS D P |
S BB DBJJWH B ESWIDM UTP Q\SBPONBRBST "GSJD
JYQEQBIMED PBOTEEE HWM F CBINEW Z
1M BFFNOWNDUU (FMFBM)FBWBMZ 88 SNBPSBRS JC
U JPFOEB M- S BSESDP WIRIINNVOUUXJIUI UIF GP
=T, USBS 8 MIOERFFSQE BB W M@ BIOBDH 8PSLJOFH
DPN®@F8BPSMEO #BOL $PSBM 3FFG 5BSHF!
NBEIFS EKADAM U & Z$ 838 HIFNOIBMBSMZ XIMM
U DBMFEPD I8Q & MEIFEBMB DBTOG FPINFISPMFD V |
FDPMP HUDBWH T ZKIWH NBT HS HB WFTS GPDV T
TFMED$FWBORBPVHI UIF #MFBDIJOH 8PS
)| J O%P B D EE B VMD 8| BUFEDBE® M 8KTMM DPOU
F H J$BG 3 OBHOTE PGF BDWRNIIBORE XU | SFTVMU
E DPBEVRBSVEAFGZT.BESUNBO $BSJCCFBO
U QJOFT
QD U XAVDIBNNB (SFF EVRIBDBESBZ IBIAE SFUVEZ D
S H BEDQ EF GMOE EEOGIZPWDI FS K& I MGIFFS B Fi 6 0 i i1 ¢
SFTUIBO.B DB SB/vh ICM SE B WFOH BOCBSBUVE?
S DIPOYJI0 KU GWOQMFNFD P @ TVCTFU
Ul E EDDVFISCTHE ZFBGE D P SBAWUT $ NR)OFO W F WA
UP SRFRBD JDOWI FFSIFHGBO W P HAMINEBUF D1
W V 3D B $ BIGNBIE RIFB € VPRB X 110 HBWWTB O JB O
MT UPBSFR®AIBFETJOHBOUT XE@BEBBU PUIFS
UIFZPQBMNBZIB\OFE UIF EJWFSTJUZ PG
L FoB ST 3 %S0 ABB NGV BGMFBESYBSUJDJIQB
BM T IFI B UUBSAM N PISNFE G B TRIG BB I®U J m D




CzZ *6$%$/ UP CSJOH UPHFUIFS
DPSBM SFFG SFTIJMJFODF BO
BMJHOT XJUIl UIF FTUBCMJTI
PSIJFOUFE OReMeAPABlanccUTRFBSIF
CZ hF /IBUVSF $POTFSWBODZ E
niro

REFERENCES

#FMMXPPE % 3 JVHIFT 5 1 'PMLF
AiT6 iI$SPOGSPOUJOH W#DEBBM SH
+fio+00

#FOHUTTPO + "OHFMTUBN 1 &MNH
'PMLF $ *ITF .PCFSH /1ZTU
TFSWFT SFTIJMJFODF B &i¥ OBND

$IVSDI + 0OCVSB % JO QSFTT i

TZTUFNT BOE UIFJS mTIFSJFT JO U

BFTFSWF - B WNceedibgQfa/B with International
Coral Reef Symposium
&MNRWJITU 5 'PMLF $ J/ZTUSUN
8BMLFS # /IPSCFSH + fiiTo i3F
UFN DIBOHF B GrmtisFHdEiddg) bnd Dyikiron-
ment & 6++06@0
JBNIJMUPO ) #SBLFM 8 0g+6 i4U
&BTU "G S IBBD oSMaFie Ece 06 fAO+0M0
JPFHI (VMECFSH O 0ggo iI$SMINBUH

BOE UIF GVUVSF PG UMaribi8 MeEhT O

water Research 617 +0@80+00
JVHIFT 5 1 #BJSE ) #FMMXPPE
OPMMZ 4 3 'PMLF $ (SPTCFSH
+BDLTPO + # $ ,MFZQBT + -PV
/ZTUSUN 1BMVNCJ 4 3 1BOEP

3PVHIHBSEFO + {iio i$MIJNBUF D
UIF SFTJMJF O DSie/ReGO DP SoHiIM 0F0FG T W
-JOEIO 0 4PVUFS % 8JMIFMNTTP(Q
N 11 Coral Reef Degradation in the Indian Ocean. Status
report2002 $03%*0 fi+6 QQ
-JOEIO O 4 Q P S S P O Hlorkl Reef Blgrkdationd @
in the Indian Ocean. Status Reports and Project Presentations,
999 4JEB 4"3&%$ .BSJOF 4DJFODF 1S
i+ QQ
.D$MBOBIBO 5 1PMVOJO / %POF
TUBUFT BOE UIF SF TddddakdoFolgyGd D
6+ 63- 1UUQ XXX DPOTFDPM PSH
/IZTUSUN 'PMLHMQ@BUIBMISFTIMJIR

T DQ ¥ BU JoTBahiB@d@iddrbss Bl ife blstoriGrade®,
E DF‘M{?;P(Y %Wfﬂﬁmvsfdi?ﬁwﬁwwivﬂﬂfrjyﬂ haT
)
NEéSﬁSEYW B NEO BTN 0rsy Fozew
S S P O H Cdral Redf Befradation in the Indian
3 O EOslalnl Star3 PﬁprEﬂE IM]cletJ’ruenmgokaq?‘mgg 4JEB
4"3&% .BSJOF 4DJFODF 1SPHSBNNF 4XFE

OCVSB % Aiio0 i$BO EJ FSFOUJBM CMFBEL

BNPOH DPSBM TQFDJFT P FS VTFGVM JOI

NBOBHFNFOU PG S BHGEH o \MorldSGenleUSFTT W

0 O6fdoddR

0OCVSB % ATiA i4UBUVT PG DPSBM SFFGT
$ TFIWBSUMNOZBw *O -JOEIO 0O 4PVUFS ¢
F G DS Y BBT Wb CoralReefDegradation in the Indian Ocean.

Status report 2002 $03%*0 ,BMNBS 66000
RWAAVYSB %W NBOVFMBFPOMBFODF BOE DMJINBI
SUNDPSBWMiIi®FF&A BOE CMFBDIJOH:Gd® UIF 8F°
[0 MBi EolisR/BAQ ShdlfBcience
AVTOUBIBI®H DRSS BRVWHPG FIBFO SFDSVJUNFO!
IF , JVIHBS TR YOCF BT FEEOBMMJOEJDBUPST PG

J O HMansne Ecology Progress Series

OCVSB % .BOHVCIBJ 14 ATTo i"O JOJUJ

1 F UFROSAT PSP N FHOFWOBW BDREOFBPMPHJIDBM GBD
TQPORMEIRWMSONBRDFD®PH SFTJTUBODF BOE
FSO *OEJBO ODFBOw *O 0OCVSB % 1BZH

+ FPlocbedings of the International Coral Reef Initiative
S V DIOR]) RdgioBaOVerkDdp for BMndaB 8ced/B240:G * $ 3 *

0 6/&1 *$3"/ $03%*0 /BJIJSPCJ QQ gd 060
DOBWHB &P S B3 \CMEYBBetfIioibid g in the
P S BXWn Mo Riserve, Kenya. 1998—2003 $03%*0 &BTU

"GSJDB 88' &BTU "GSJDB 3FHJPOBM 1SPF
%O0BVSBBIE 4VEFONBO .PUUB ) ADIMF
3 NBEEBUWMEEG BPFHBM SFFGT JO &BTU "GSJI
HI #4PVUIB'&SSIBIMBMBQE 5BO[BOJBSmus®O 8JIMLJ
MM  cotal recfs of 3R dhoFtdpoodt (MPCBM $PSBM 3FFG .PO.
IBOHIFUX\WPSRO "VWNQBBMIBBOB®TUJUVUF PG .BS

QQ 6060060
YBMNOGQBVSBNW I FET -MFXFMMZO (
QBDU PG DPSBM CMFBDIJOH UISPVHI
TIHOw *O 4DV U ChdDiBd/ Sk Cayses, cob-E
sequences, and response  1BQFST QSFTFOUFE BU UIF
UJPOBM $PSBM 3FFG 4ZNQPTJVN TFTTJP
PHSBNNAFT 4WXOHEB@QE MJOLJOH FDPMPHJDBM B

GVUVSF USFOET BOE NJUJHBUJPO QMBO
5 .BOBHFRRBOMBHIIPBSW $PBTUBM 3FTPVSD
PSBWFIRFGFWWPM &

WHRINOU FBT 6B SUBGWYSB % CondiQ@eef DRgradd-
O D FioRitethbik¥GBMWean. Status Report, 2000 4JEB 4"3&$
.BSJOF 4DJFODF 1SPHSBNNF 4XFEFO

Airo
.BS

8%

AT

av

S F FBofswms 6 0160600



5/% 01782 — Reef Resilience Toolkit, Version2.o hF [BUVS$FB8FTU + 4BMN 3 niito I&SOWJISPONFOUBM E
$POTFSWBODZ SFTJTUBODF BOE SFTIMJFODF UP DPSBM CM

TFESPO + Coraltbfithe World "VTUSBMJIBO *OTUJUNBEI®G QSPUFDUF ECB:SFBoMBBEHBF NFO Uw
.BSJOF 4DJFODF 5PXOTWJIMMF 6+06|QQ 860600800

7IJTSBN 4  3he Dibvisithand Bleaching Responses of 8IMLIOTPO Sthtus of toidl@eefs of the world: 2004
Zooxanthellae in Kenyan Corals %PDUPS PG 1IJMRTPQMTUSBMJIBO *OTUJUVUF PG .BSJOF 4DJFODF
%FQBSUNFOU PG #IJPMPHZ 60JWFSTJUZ PG :PSL 6 ,

O
(@]}



Status of Coral Reefs

In Tanzania
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*O 5BO[BOJB UIFSF IBT CFFO DPOTJ
TJODF UIF 0gg+ CMFBDIJOH FWFOU

DPSBM CMFBDIJOH FQJTPEF JO "QSJ
60HVKB ;BO[JCBS G5BOHB %BS FT
.UXBSB SFFGT XBT NFEJVN fio06+
BU TJUFT UIBU TV FSFE TFWFSF NPS
SFTVMU PG UIF g+ CMFBDIJOH FW
EBODF JT IJHI F H ,JUVUJB .BmB

3FDFOU TUVEJFT IBWF JOEJDBUFE B
DPNQPTJUJPO BOE BO JODSFBTF JO
JO fAiio DPNQBSFE XJUI Aiid hF EFO
TMJHIU EFDMJOF JO VOQSPUFDUFE
UFDUFE BSFBT F H .BmB *TMBOE
.BSJOF 4BODUVBSZ 4JNJMBSMZ J(Q
CIWPSFT DPNQSJTJOH SFFG mTI DP
TPNF 60HVKB SFFGT $IBOHFT JO Ul
IBWF WBSJFE CFUXFFO TJUFT PWFS
FYQMPJUBUJPO MFWFMT BOE SFDSYV
UIFZ IBWF JODSFBTFE XIJMF BU .B

5BO[BOJB DPSBM SFFGT DPSBM CMFBDIJOH DPSBM SFDSVJUNFOU mTI

INTRODUCTION

E BIBSBIN SHOFPGVIF PDPG/ BPBBIP GAFBMNP T
EMIO BFPEF5BIOOBISFER PEFNEI B MBOPE hF
M Fde FofuB UM BRSBY BRWBSTPERG 1JHI G
ABMP BN ARYMPKIPEBOE BBBHBOJ 3JWFS |
UPUNAE K B2PS °8 E F &P U 2\t

UMM RIBX %I\HDG'HPM OE BsBoHioH <

FSU_BO B

eoi Hiﬂ%fﬁc ST 2 N8 BTEE Kaur
MERBTe &G I6NSB e @ VKR BOILJC

TFU%WEF—SODZQ&J@:%'JDSVJUNFOU SBUFT

riuzUWE SFPFR@PIThBeSHIEXOB/TUFNT PO U

BSFETRBRDETBRAWmMIHIF JBSPRIFNBOER BO

.BSI®FPPBBISW BOE $IVNCF *TMBOE

DSFBTFT JO UIF QSPQPSUJPO PG IFS

N N4/ B FITF BWIFS OAFBIVMAVEZ FEWMEDIRB T U B M
F BRFPINIYHE BOEB BEFR) FQEF DPRES MUFUIF M Z
UibpPPE Y mWEGSFBSFBTQRPAIFIPHBAWUI PG
JUIB'E)WT(E"?’%FETJ P P HOBEN B B FD'SfPr
Bgghp %W@#I@W&%WQBHEBOH PG U

XFSF PCTFSWFE hF VTF PG EFTUSVPDUJWF mTIJOH QSBDUJDFT PWF

QMPJUBJPO TFEJNFOUBUJPO BOE

HFOJD UISFBUT UP DPSBM SFFGT J
UP B MFTTFS FYUFOU DSPXO PG UI
BMTP DPOUSJCVUFE UP TMPX SFDP

PMMVUJPO BSF UIF NBJO BOUISPQP

5&&%?&]@0 IMLH\ETLYEQPNQFU‘]U‘]PO BOE

SOT TUBSmMTI QSFEBUJPO JO 60HVKB

337 P@%Bé’bﬁ%’i@chp%oﬁﬁbﬁo@r@nfoéﬁmm

FEVDBUJPO DPNNVOJUZ SFTPVSDF NPOFURKE OB FHEBRRFG B HEF 08+ DPS

UIF FTUBCMJTINFOU PG NPSF NBSJ

F IBIPYNEBUFiET B FEEXBSFItPNF PO .JTBMJ

UIF F PSUT UBLFO UP FOIBODF TVTUBBEEWMD POIB WCs BARESBYWM WPWBSISG PN ¢
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XIJMF DPSBM DPWFS BU TJUFT
+i+ UP 06+
BU 1FNCB BOE 5vUJB 3FFG BU
hF TFWFSJUZ PG UIF EBNBHF
TIBMMPX BSFBT FH SFFG nBU
UFS .PIBNNFE BOE
XJUIPVU BOZ EFFQ [POFT TVDI
EBNBHF XBT VOJGPSN UISPVHI
etal RAITA

*O HFOFSBM DPSBM SFFG SF
UlBU FYQFSJFODFE NJME CMFB
JO 0go~
JO 60HVKB ;BO[JCBS 5BOHB
4POHP BOE .UXBSB UP IJHIFS

CMFBDIJOH FQJTPEF PDDVSSFH

JO DSPXO PG UIP S OdfunfhkdiBs SancT |
EFOTJUJFT IBWF IPXFWFS IBE
DPSBM SFDPWFSZ hFSF BSF SF
UBMJUZ EVF UP $054 PO SFFGT
FT 4BMBBN .VIBOEP QFST PC
NPSUBMJUZ PG DPSBMT CFMPO
BOE B TJHOJmDBOU SFEVDUJPQ
UB C MIFJBR@S B Qillopora
3FDPWFSZ IBT CFFO WFSZ TM
1JU CZ UIF 8g6+ CMFBDIJOH FW
SFDPWFSZ IBT CFFO GBTUFS B
TIBMMPX BSFBT JO .JTBMJ 1FN
Aiid XIFSF HSPXUl PG GBTU
NBDSP BMHBF BOE TPGU DPSBM

hF SFFGT NPTU B H
XFSF UIPTF DMPTF UP HSFBUFS

.BDIBOP (

"U QSFTFOU MJIJWF DP

PGV.BIB I HMBOBMEEFDEMBOEE XBEPMILFMZ
tDOEEUBRJ IUHI DPPVFEMBGENBDSP BMHBF
PEFQDINBZFSEEVBDM JTFTUWBAFEN SE6BGEPTG IBS
.BQBFTTMBROEB MBHSCKXUWIBSPIBNNFE .BDIE
XBUIRRBFF XD BRPQFBSGDRE K JO B USBOTJ
T DBPME EFDSG-B TFESTOTEFFOF NRBB XJUOF™
FEPNPCBUFEO®PNNGAQIJUZ UP POF EPNJ
BBEMHNBEB 3FFG BU .BmB UIF

PVU UIF SFFG .PIBNNFE

Coral Recruitment

DPWEBmBBUICFFFOORMPPE BG BBEBW SFDSV
D 13O BWIB ™ B DARABBNWC 8l BFEBEM BFZ QJUF
S Bl COAPWHE I8 HBBFO HFBIC ISP &l MBOEO€CPUI SF
BPBS BAVIT ABIVSBBINUNEPOHFPO Aiio UIBO JO
MBWE MQ PG B @B +Q P INIINONWBQPSJE SFDS
F M QFSIBIFFGO T B P @ RTOED S BIMITE SO 6iTINN
$SOWBBIO PO MPXFS SFFG TMP@FJI0 41 PFQF
BoTO FNH B\ PXWW BS QBDRUBFFADTBBE PG QPSJ
QPRSRTMMTFPGFMIHIHNM OB OB PRPSBM GBRPNSIMIF-
PEJBFP[ECBSCERXOGFEONK QBFSS BOE MPXFS
r TIWHBSFQPSU BMTP EFUBJIJMT

HIJOH UP UIF GBNJMZ "DSPQPSJEBF

JO UIF OVNCFS PG SFDSVJUT OP

FISH COMMUNITIES
PXSPSBIMWBHTF G IBU IXFENNMOVMBESIFWMZ O UIF
FORG RFBVM MY SBAGT WBWI TIFFXNPTU DPN
U JEHFQFS ITPINNBFOFDRISQBBFE4ARBBIJEBF -E
C B JEBIB NWNFTEH GBINMBEBXIT DPOUSJCVUF NF
1SPERIOHUBHAOWTP QPOWMBBTPO .BDIBOP
I TBSEFTCZFGEGBSTVMIHFXNBT BFIDAPNWNFFSQ BBDIBOF

Table 1.

Kitutia
Acro-

Utimbi

Pocillo- Poritidae Others Acro-

poridae poridae

poridae

40.94
16.00
26.58

6.65

67.81
16.00
65.08
16.27

Mean 6.09
16.00
7.90

1.98

46.41
16.00
35.46

8.87

35.38
20.00
20.00

4.47

SD
SE

Pocillo-

poridae

53.75
20.00
20.06

4.48

Density of coral recruits at sites sampled in Mafia Island Marine Park, 2003 (number per 100 m?)

Miliman

Poritidae Others Acro- Pocillo- Poritidae Others

poridae poridae
8.00
20.00
6.72
1.50

40.75
20.00
23.38

5.23

15.00
16.00
15.08

3.77

17.81
16.00
6.94
1.74

2.19
16.00
3.01
0.75

31.09
16.00
18.28

4.57




Table 2. Species richness and relative diversity index Ai7o 3FFGT XJUIJO .BmB *TMBOE .EI

(J") for Utumbi and Tutia Reefs, Mafia Island OPU SFDFJWF GVMM QSPUFDUJPO G
Marine Park EBODF BOE EJWFSTJUZ TIJNJMBS UP
Species per transect Relative diversity BT ,JTJUF JO ,FOZB BOE $IVNCF 4]

Mean (= SE) (evenness, J) .BDIBOP fiiido $PNQBSJOH 6UVNCJ
UBCMF i UIF GPSNFS IBT B TMJHI

UFurﬁbi 46 £2.13 mTI oi+ IJHIFS BOE TIJHOJmDBOL
LI 0-412 Q i iid hF USPQIJD TUSVDUVSF P

XBT TINIJMBS GPS UIF UXP SFFGT F
TQPOHIJWPSFT XIJDI XFSF NPSF BC)
TJUZ PG SFFG mTlI EFDMJOFE TMJH#BMX FFD Vir@$PRG PE UWHEO B ¥FBS FB (CBE
JODSFBTFE TMJHIUMZ JO QSPUFDPEBMNMSFBTERB8MBUZT B WEF.BBmB TJ
SJOF 1BSL $IVNCF *TMBOE .BS|JJORBHEGODWB/BS ZGPISF WQEPGBNJIMJIFT $1
QPSUJPO PG IFSCIJWPSFT DPNQS4F3ICBOIIEBGF N8O ED PENONDNOJRERIF TBU 6U
IBT JODSFBTFE PO TPNF 60OHVKB BFFGTQ 1 16 hF -FUISJOJEBF XBT L

.BmB SFFGT BSF LOPXO UP IBWFYIHIFSFECK EEBGPB THOEO BCVOEBC
EJWFSTJUZ PG mTIl XJUI BMNPTUDGKFBTH XBHT GGHFUDPES BPE WG YBFNV M J
TIBMMPX SFFGT BSFBT O0iN BF@UI DB$RQ¥VOIJWINBBU 6UVNCJ IBWF

Table 3. Kruskall Wallis test comparing the densities of each fish family at Tutia and Utumbi Reefs, Mafia Island Marine
Park, between 1999, 2001 and 2003

Kitutia Utumbi

1999 2001 2003 1999 2001 2003 p-value 1999 2001 2003 1999 2001 2003 p-value

Acanthuridae 73.0 420 32.0 143 9.5 74 <0.05 36.0 28.0 38.0 9.0 7.3 9.5 n.s.
Balistidae 0.0 0.0 0.0 8.5 85 103 n.s. 1.0 1.0 3.0 74 8.3 9.9 n.s.
Chaetodontidae  17.0 10.0 13,5 10.8 6.3 9.8 n.s. 115 120 325 3.6 45 125 <0.001
Haemulidae 0.0 0.0 6.5 5.5 6.7 124 <0.05 0.0 0.0 0.0 8.0 8.0 9.7 n.s.
Kyphosidae 0.0 0.0 00 11.8 8.0 8.8 n.s. 1.0 0.0 2.0 9.0 41 104 n.s.
Labridae 2.0 0.0 3.5 8.7 7.3 10.6 n.s. 1.0 0.0 2.0 9.0 4.0 105 n.s.
Lethrinidae 9.0 3.0 11.0 7.8 85 10.6 n.s. 2.0 0.0 1.0 10.6 35 10.0 <0.1
Lutjanidae 7.0 1.0 3.0 9.3 70 105 n.s. 0.0 0.0 1.0 5.5 86 10.5 n.s.
Mulidae 7.0 1.0 72 109 6.5 9.7 n.s. 1.0 6.0 3.0 6.7 126 8.8 n.s.
Nemipteridae 0.0 0.0 0.0 0.0 0.0 0.0 n.s. 0.0 0.0 0.0 7.5 75 10.0 n.s.
Pomacanthidae 1.0 1.0 1.0 105 7.8 9.5 n.s. 3.0 50 14.0 4.5 43 122 <0.01
Scaridae 36.0 44.0 36.0 92 11.0 9.2 n.s. 24.0 103.0 44.0 44 14.0 9.4 <0.05
Serranidae 0.0 1.0 0.0 6.5 12.7 10.0 n.s. 1.0 5.0 1.0 74 152 7.8 <0.05
Siganidae 0.0 0.0 0.0 10.6 7.0 9.7 n.s. 0.0 0.0 0.0 8.0 8.0 9.7 n.s.
Zanclidae 1.0 1.0 0.0 115 123 7.6 n.s. 0.0 0.0 2.5 6.4 5.0 11.2 <0.05
Grand total 157.0 105.0 177.0 9.6 6.0 10.5 n.s. 81.5 158.0 153.5 3.0 11.0 108 <0.05

Source: Machano 2003
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UIPTF BU ,JUVUJB SFnFDUJOH
CMFBDIJOH BU 6UVNCJ JO d8g@+

hF PCTFSWFE DIBOHFT JO Ul
PWFS UIF TUVEZ QFSJPET BOE
JOEJDBUJWF PG DIBOHJOH DPN
UIF DIBOHJOH DPSBM SFFG DPN
6UVNCJ hFSFGPSF UIF DIBOH
UFNQPSBSZ DBVTFE CZ JOQVU
TJUF PS JU DBO CF B SFTQPOT|

INVERTEBRATES

$IBOHFT JO UIF EFOTJUZ PG NE
JFE CFUXFFO TJUFT PWFS UIF
FYQMPJUBUJPO MFWFMT BOE S
BU 1FNCB UIFZ IBWF JODSFBTFE
JOWFSUFCSBUFT XFSF PCTFSV
BCVOEBODF XFSF OPU DPOTJT
GFSFE NPTU JO UIF 099+ CMFH
IFNCB TIPXFE BO JODSFBTF J(Q
TVSWFZFE J F TFB VSDIJOT
DVNCFST HBTUSPQPET BOE PU
JNQPSUBODF UBCMF 6 hPVHI
UXP $054 XFSF TFFO JO .JTBMJ
"U .BmB *TMBOE .BSJOF 1BS|
JOWFSUFCSBUF EFOTJUJFT XF

UIEBBIFBIOFE S AJNQ BIFUNBR® DPHBRNJICVUP
JOWFSUFCSBUFT JO 60HVKB BOE 1FNC
F EMBNJUZTFB DEDNVBEBRSMZBOE TUBSMT
MBENS JOPNSIPQIJPDISYBSSEGE BSFSFMBUJ
N VOl UiF EROT JNIHFITU FSENFRCTUFST BOE
| NYOW B 3 UPC IBIWRT BX CWVIU DPROT JBF SBCMF
FWDSD MPX TRBTPQEPW BOIEBS XIFUIFS U
PGBO@AR X WP\ FEOUM B ANDIBFUVE® M IBBVTFT
F U®PMZTPICFH$SOQSE TXB/SPCTFSWFE JO .JM.
OP $054 XFSF PCTFSWFE JO ,JUVUJB BC
PVT TUVEJFT
)JHI OVNCFST PG $054 XFSF PCTFSWF
DSPXFOBFES ¥ AONSBR FXFMBUWB PBBS PG 60H
QBDE MWE BRESPERBQBOENGO®PABSU PC
F DSS\VOJFU 1§ PWFDWIFEFTSIFBP SCF ¥FBS QH Fiii 6
WIBOIFFRIT .BYFB GFRES NBOS®SFTFOUJOF
/FEWBSBQEFWJPY TTGWBBBETS8ED OP $0
U FICF\$ € F B/ )BFUF O | BBIF BATP D BRIU PTVTG
3D |1 J'S A NF WAFSOWF Z T TEROWP OTEMBMHEV KB JO i
ERQTZIBE AG B M- DIOWF STFFGSBUFTCF BC
509SFAIBOE WMBNT TTEBTDRMIJUIFS VONBO
) | FSBAWWEMWHFEP (BWFNNFABSTSIEDIJO EF
OP® TEFiBI WD 100 TUXE P BWR UITDIKBOJIE VB
*TUBKOEBIOWRMM DPNQBSFE XJUlI POMZ
JOEJWUIEG RBIEN FT JO .FOBJ #BZ $POTI
S FB 0 ¥ S3Q '8 N TFO HIMAB OIP % FCSFBWQ BBSE SFTQ

XJUI NBOZ SFFG BSFBT JO 60OH

Table 4.

Invertebrates

Misali Island, Pemba

1999 2001

Mafia Island Marine Park
1999

K@VBIMEITFNEEB .PIBNNFE

Mean density of macro-invertebrates (in 50 m x 2 m transects) at different localities

Zanzibar

2003 1999

[¢)]
(8]
[oe]
w

Sea urchins
Giant clams
Gastropods
Bivalves

COTS

Starfish
Nudibranchs
Lobsters

Sea cucumbers
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THREATS

$PSBM SFFGT JO 5BO[BOJB BSH

SFQPSUT PG DPSBM CMFBDIJO
UFNQFSBUVSF JODSFBTFT IBT
UIF XFTU BOE OPSUIFSO QBSU
TPVUIFSO DPBTU PG UIF 5BO[B
JOH XBT NJME BOE OP TJHOJmI
SFQPSUFE )PXFAWFS®i1ipPBSSRQP S
CMFBDIJOH JO TPNF SFFGT PG
MBOE hFSF BSF OP SFQPSUT P
FSO QBSU PG UIF DPVOUSZ
$054 PVUCSFBLT IBWF CFFO
QBSUT PG UIF DPVOUSZ hF FY
OPU CFFO FTUBCMJTIFE CVU 1T
BDSPQPSJET IBT CFFO PCTFSW
3FFG .VIBOEP QFST PCT *U
PCTFSWFE DPSBM NPSUBMJUZ
$054 PS B DPNCJOBUJPO PG CH
JT SFRVJISFE

q

FISHING ACTIVITIES

hF NBJO mTIJOH HFBST VTFE J
CBTLFU USBQT TDPPQ OFUT B
mTIJOH HFBST EZOBNJUF mTIJ
TNBMM NFTI OFUT BGFMIVKMir HE]
UIF VTF PG TPNF JMMFHBM mTI
DPSBM SFFG BSFBT TUJMM PDL
UIF XFMM CFJOH PG DPSBM SF
AiT6 06 EZOBNJUF CMBTUT XFS
EJWJOH BU 1FNCB 5ZMFS QFS
UJWF BOE JOEJTDSJNJOBUF G
CSPVHIU VOEFS DPOUSPM

TOURISM

5PVSJTN JT UIF NBKPS DPOUSJ
HVKB ;BO[JCBS BOE JT CFDPN
JO 1FNCB BOE .BmB hF UPVSJT
EFNBOE GPS mTlI BOE DBO IBW,
SFFGT UISPVHI EJWJOH TOPSL

$PSBM EBNBHF DBVTFE CZ BODIPSJ
EBWFSH B B0/ CEFBCAG SWSEBIOT TPNF
H D PMRVBESIMIF B iGS PN DPSB M S HFGT BT
B CIBUWDOAE BSMWWMNEGTS PE NBFKBST $064 QS
T P8 S;BBR$FCRIFH IBAZE VVBBWP\OHE UIF UIF DV
O JBFD RB B OWFBSYES ;i FCRMF BBO[BOJBO S
DBOU DPSBM NPSUBMJUZ IBT CFFO
UFE DPSBM
OFFFORTE SO QBSU P 60HVKB *T
G hGEMEBNMI CRJG HPRGUDP BN WBIFFGT J°
JTTVF BU EJ FSFOU MFWFMT JO 5BO

SFRFPCGNFEUBHYMP D PROOTBPISPVUOFTT BSF J

U RBW PRO BMF VHF WY MCGV¥B LHWIBO BU Ul
[JBaPmI/EB W BNFPFSSUBNMRIZ BBNRPIORS PCT
FEhP O JWUIVBTURINO QBT WIPR G RBWRXSTFE E
JjoaprPre MMEBBSOXFBBMES UWOFJOJUJIBU
JT.U'MF SBUYRB U VGO BB WIB G NBMM D OIB
UiBO3IOBFS | BO WCHTRLOI HBEDU FRENQMB S Z
XIFSF .FOBJ #BZ BOE .OFNCB *TMB
"SFBT IBWF CFFO JOJUJBUFE JO UIJ
GPSNBM SFFG DMPTVSFT JO TPNF W
JODSFBTJOH FOWJSPONFOUBM BXB
O GBUOYBOBBCESH IROPDBCMEITINFOU PG
DBEUPYHMSPOY/ OP SBAW B F P& RUIBSVUFIDIIN P O
O HB IO TUFPOR O IBSEEH ONU U BBIOBCMF D
DIHEPXBWHRE IBWF CFFO MFHBMMZ HBJ
J ol GIBEDSSB BYMD IMB T LEFSB BHOOW BT MIFO 6 P
DV S$PNEVOZUEO E RITTP B NIBK NS O DUAPESU (
FGPRE WUPF NP VO USSEZ T H BBONBEBFDO FT
FUBBOEJTOVHFAOMEPIMNNNYBIZPOEP SBM SF
T PXBTIBTUCHVFIDI TUBEMRTIUISFEDGPS NB
PSNVBGBMTUIP BBIBHBTSPBFUBMFI® OF %
XIFSF WIMMBHF UFBNT BSF JOWPM
NPOJUPSJOH .PSF QMBDFT BSF OP>
UPSZ SFTPVSDF NPOJUPSJOH 3FDF
WBUJPO "SFB JO ;BO[JCBS IBT USB.
C VARG UPPOIFUPBBPORNYSPOD BBEVSFT .O
JOUHRODSFBTIBOHMXZIUNBESE BBODPNNYV
N H®ENNE SIPIPOGPBDFTDPIGTFSWBUJI
F TEQSPB D W B NOQPRID UnIT IFFGS NDFPGB B E UP V' S
FMJADH PBROVE BOW URSPIEONH © G BOW BREIVD B L
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Table 5.

Location

Dar-es-Salaam reserves

Tanga

Mafia Island

Mtwara

Pemba

Pemba

Zanzibar

Zanzibar

Zanzibar

Zanzibar

Marine Protected Areas in Tanzania

Status

Established 1975

Established 1975

Established 1994

Established 2000

Established 1998

Proposed

Established 1994

Established 1992

Established 1997

Name

A WO DN =2

11.

13.

. Mbudya Marine Reserve

. Bongoyo Marine Reserve

. Pangavini Marine Reserve

. Fungu Yasini Marine reserve

. Maziwe Island

. Mafia Island Marine Park

. Mnazi Bay-Ruvuma Estuary

Marine Park

. Misali Conservation Area

. Pemba Channel Conservation

Area (PECCA)

. Chumbe Marine Sanctuary

Mnemba Marine
protected area

. Menai Bay Conservation Area

Chwaka Bay and
Jozani Forest

Notes

Paper Reserves (not effectively
managed). Part of the Kunduchi
Marine Conservation area.
Frequently visited by tourists. Sites
could recover if properly managed.

There is no effective management
of resources in this MPA.

Effective management structure in
place.

Newly declared as the second
Marine Park in Tanzania.

Declared as Conservation Area
(MCA). Managed by Department of
Commercial Crops, Fruits and
Forestry (DCCFF ). Supported by
CARE Tanzania. Technical
assistance provided by IMS.

Preparation of declaration
underway. Probably will be
declared mid-2005.

This MPA is managed by a private
investor (CHICOP). Coral and reef
fish diversity is relatively high.

The area is protected by private
investor, Conservation Corporation
Africa (CCA). High coral and fish
biodiversity.

The area has been declared as a
Marine Conservation Area in 1997.
It is managed jointly by the
Fisheries Division and local
communities. Technical assistance
is provided by WWF and IMS.

Managed by Department of
Commercial Crops, Fruits and
Forestry (DCCFF ).

Updated from Mohammed et al. (2001).

o
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OPX CFJOH JODPSQPSBUFE JO
BSF BUUFOEJOH XPSLTIPQT EF
NFOUBM BXBSFOFTT JO TDIPPM
FSBM $IVNCF *TMBOE $PSBM 1

TDIPPM DIJMESFO UP WJTJU B(

T DBP PBND D SCRaliBsM B Bo@ kv kB F S T
TJ H’@qﬁ@biU@ IQVSMBTH FFHRF8p P BmB

T ofoles) &NNVOJE%HZ,SJWW
BSL,DRQENPETEY PN T85PQT GPS
DE MeBNFe BC4L VU BB o%a&@%hw\m JT

CFJOH SFQMJDBUFE JO .JTBMJ |*T MlBRY&: Tutia, Utumbi and Msumbiji Rees  + Q
.PIBNNFE 4 .VIBOEP $ " 8BHOFS (
+JEEBXJ [/ 4 .PIBNNFE / 7FGHRRIXV # -
REFERENCES AiIT0*OUFSOBUJPOBM $PSBM 3FFG *OJUJI
U 5BO[B®&; oBAN[CRI\%rk:/ﬂ F[)‘orthe]ndzan Ocean,
(BSQF $ OINBO AiiTo iI$PSBM BOEavemelrz TUSJC U
QBUUFSOT JO .BmB *TMBOE .BSJOF 1.B|§I|.B'\ﬁ\$|péBQJB fT\,ﬂ@é%%“éBU _BDIBOP )
JOUF S Bipdibdipligad 6o+ 00600733 iSPSBM 3FFG %FHSBEBUJPO JO 5BO[BOJE
)BSSJIT 3 4VMFJNBO .PIBNNFE ) 6!3][5JIADOI?‘I:IMMV 4*0 -JOEIO 0 4PVUFS % 8
-VIBOEP § +JEEBXJ / AABWRBHF |5 Jid{pspg % CorallREefDegradation in the Indian Ocean.
tion of possible anthropogenic and climate related impacrs on Status prortzooz 6OJWESBEMNBP AXFEFO $03%*

change in benthic composition of coral reefs off Unguja Island,
Tanzania

#MVF 7TFOUVSF $POTFSWBUJH
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Status of Coral Reefs
of Mozambique: 2004

"-*$& $04%5"3%04 " 1&3&*3&-&
®88' .P[BNCJRVF $PPSEJOBUJPO

"$FOUSP 5FSSB 7JWB o & TUVEPT F "EWPDBDJB "NCJFOUBM $57
°ODFBOPHSBQIJD 3FTFBSDI *OTUJUVUF 03*

keywords: .P[BNCJRVF DPSBM SFFGT D

BACKGROUND

.PIBNCJRVF MJFT PO UIF FBTU
UVEEATBOEG&® BOE QPTTFTTFT
DPBTUMJOF JO UIF XFTUFSO *
WBSJFUZ PG IBCJUBUT DIBSBD
BSJFT TBOEZ CFBDIFT SPDLZ
BOE DPSBM SF&#&T AIFRESHH VWA
DPSBM SFFGT BMPOH UIF DPBT
BCMF OBUJPOBM SFTPVSDF hF
TJUZ FH 3JFHM 0ggd 1&#&FJ
AiTo hFZ QSPWJEF GPPE BOE J
UJPO PG UIF DPVOUSZ T DPBTU
QPUFOUJBM GPS HFOFSBUJOH
XJUIJO UIF UPVSJTN TFDUPS h
CJRVF IBT SFDPHOJ[FE UIF JN(
IBT JOJUJBUFE B OVNCFS PG B
NBOBHFNFOU BOE DPOTFSWBU,|

CORAL REEFS IN MOZAMBIQUE

hF DPSBM SFFGT PG .P[BNCJRY
UJPOT PG UIF XFMM EFWFMPQ
BMPOH NBKPS TFDUJPOT PG Ul
UIF &BTU "GSJDBO«DP BTUT 3 i
SFFGT SFQSFTFOU UIF NBJO B
JTN JOEVTUSZ #KFSOFS +PIE

/" 055" .*$)"&- 4$)-&:&3

0 DF 88' .BQVUP
.BQVUP
%VSCBO

PSBM CMFBDIJOH NBSJOF QSPUFDUFE BSFBT

1FSFJSB {iiio 1FSFJSB JO SFWJFX
DPBIFOFP GIFGE6FDB CBGSBAO IMDIIVSF GPS
UIFTWQIBBS EBNMMZHEFBS UIF SFFGT PG 1FNC
D BXB[BG SOVMDUAB OSBUJI Q&FMBHIP "*OIBNCBOF *
U FIRIQUB EIF OPBTUMIOF EFMUB FTUV
TIBRPESBMNSPHGEPWEF BMVMBOEQPSUBOU
U FOTTQQMDRIBMMZ JO UIF OPSUIFSO TFDUJP
U MUSOIFE ¥ GJ PHBTN\CO RYVEOBSIB B MZBUVK UIF M
TINYPRGTD FFFY 4/ 68 DWHDS F B M SFIRSEPI WS + " (
SBiT QFP GV BSBRIMOWPMWEE EJSFDUMZ
ODNBSEFWR® B MBSHFFOQBPIEBSFT SFQSFTF
BMIFPNRVOUSZFTT BEEHEBBWHRTHEREFBRIT QSPI
TNESEH BROBOBaM -+ HFDE O PN KP CIISPXWIJT TFI
FRiPWFSONFOU PG .P[BN
PPSWHB GNP FPGT DAPG BPNE IHF GFB [BGE UP "SDI
VUIP®LT BONPB BNCFIF iiMd BB BRCMPBSFBU
IPBBEPOBMABEFIBOSOFT X1P0E DEBBIMEF

SFFGT NBOHSPWFT BOE JTMBOET BS

UJPOT UP UIF DPOTFSWBUJPO PG UIF

TZTUFENT *O BEEJUJPO UIJT SFQSFTF
FIBSBIFPEYEYFBSDODMOEBEFEVBIUIJO UIF DP
FBR FEBJPEH BGHBI F G TH RWERS PNDADO/B JT OP.
F OOB59BYINFRCGBIOFOBDBIMHVNPEBTPB NBS.
FFRHVIFITIT DPOTJEFSFE BO BSFB PG SFHJ
J UBHDWMPOMEZ PXSIJUIEFOD PBOWBEM U PGS U I F
O&DPOFHIJIPO "CSBOUFT
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THE CORAL REEF MONITORING PROGRAMME
IN MOZAMBIQUE

.*$0" JOJUJBUFE UIF /BUJPOBM

NFOU 1SPHSBNNF GPS .P[BNCJI

%"/*%" BOE JO DMPTF DPMMBC
JOTUJUVUJPOT BOE EPOPST h
FOUJSF DPBTUBM [POF PG .P[B
EJTDJQMJOBSZ BQQSPBDI O0OF
DJmD FDPTZTUFNT TVDI BT DPS
NFOU PG UIF .P[BNCJRVF $PSBI
HSBNNF .$3.1 GPVS MBSHF BS
PHOJTFE BT WJUBM GPS UIF BD
TVTUBJOBCMF NBOBHFNFOU PG
XFSF DBQBDJUZ CVIJMEJOH C
UIF FDPMPHZ PG DPSBM SFFGT
TUBUVT PG UIF DPSBM SFFG mT
BM SFFG mTIFSZ JO UFSNT PG
NVOJUJFT BOE GPS UIF XFMGB S

*O %FDFNCFS fiiid B .FNPSBQ
JOH .P6 CFUXFFO UIF 88' .P[B
UJPO 0 DF UIF $PSBM 3FFG %
ODFBO $03%*0 QSPHSBNNF B
WPMWJINFOUP 4VTUFOUEWFM E
XBT TJHOFE JO PSEFS UP JNQM
.$3.1 hF NPTU JNQPSUBOU BTQ
QIZTJDBM NPOJUPSJOH PG DPH
CJDBO NBSJOF TDJFOUJTUT JO
UBYB BOE NPOJUPSJOH BOE S
HSBEVBUF QSPHSBNNFT BOE C
DPSBM SFFG BSFBT

ACTIVITIES RELATED TO

CORAL REEF MONITORING

.POJUPSJOH TVSWFZT XFSF DP
BOE fA1i6 4DAMB2BS .42 U UWBIM
UIF OPSUIFSO TFU PG TJUFT DH
MPHJTUJDBM BOE GVOEJOH DP(
WIJTJUFE FBDI ZFBS TVDI JT Ul
EBT "MM TJUFT XFSF TVSWFZH
($3./ SFDPNNFOEFE NFUIPERMHA

8006 VTJOH WJEFP UP SFDPSE CFOU
JOTUFBE PG USBEJUJPOBM MJOF JO
$EBIUIBFNS FFOUBIBOBPHFMPDBUJPOT BC
R VIFF 5 O3 P R&KANDEBL) PROOEI PIUIUB hJT
P SBAQIPHUXTIWN NBBOY[NCHRSIPSFTVMUT P
F QSPHSBNNF BEESFTTFT UIF
NCJRVF BOE BEPQUT B NVMUJ
P ACTUVITIES BELATER RNTRAININ® DJ JT TQF
BM WBFB-J30T) O%VBB U S TEI P & DWPBB RIQS F F (¢
V BIZFXB B OROENDQUFERSI® 9BJ 9BJ JO
SFBPWST B XBIWU R E RWEMBEOD.P[BNCJIDI
JEOWFRNBOUSFEGUSF DEBSIBISTISPE M | PRS C
D PSP [BIF F'GT 5 B PO\ES DEFW B DIDTFE BSPFBBIM
B TRINZBODEVB QB MUFNEE SFQ F'B/SDATPOR 11 /i
BSTOTBRA*TON XA U PG PWHIFT WO D B MSTVWQ@ BROSE
IHBX CBAE B BPPBSENP®W PR3O UIFDBPBOE
UD SRWOHE RMD BOD UG Y DPBO B B BIBIA HD
5F @8 U 1% VDSFONBNDY ChJFU @ BBSIU MBBMBO U T X
ESRNDF® B E HSBEBVMBEU FE TUVEFOUT X
NGSFRGFSHFPIHFBEBINBBOE NBOBHFNFOU
FHSBEBEE PO FIOPWVISTFOBIROBMF BOE 6
ECHRIDNES P HE D PAFGIFOFOU PG UIF .$3.1
B TQ PFSQB U R PITUWFEISBUT W, ¥ OUFSFTU
F NHFSCBUN WB $B P VBIMBSFB EW JTUM G Q PSUE B F
FDPROFPIVBTF BBONBM BOPOFYU QBHF
BM SFFGT USBJOJOH PG .P[BN
UBYPOPNZ PG WBSJPVT DPSBM SFFG
- TTRENDS IN THEWCONBIPIONN HIJFT QPTU
B @F-GPRA-REFRS INMOZAMBIQUEQ S ypSJuUZ
'JHVSFT 8 BOE i PO OFYU QBHF TIPX
FSBHF QFSDFOU DPWFS PG MJWF IB
TJODF 8dggg " EJTUJODUJPO JT NBE
DBUFE XJUIJO HB[FUUFE QSPUFDUF
BOE VOQSPUFDUFE SFFGT
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Table 1. Achievements of the capacity-building component of the Mozambique Coral Reef Management Programme

(MCRMP)

Programme/Name

MSc
Pereira, M. A. M.

BSc Honours
Costa, A. C. D.

Videira, E. J. S.

Pereira M. A. M.

Gongalves, P. M. B.

Year

2003

2003

2002

2000

2000

Title

Recreational SCUBA diving and reef conservation

in southern Mozambique

Alguns aspectos ecolégicos e efeitos antropogénicos sobre os recifes

de coral da Barreira Vermelha e Ponta Torres na llha da Inhaca

Influéncia do habitat sobre as comunidades de peixes-borboleta
(Chaetodontidae) em recifes de coral no sul de Mogambique

Estudo comparativo das comunidades ictiolégicas de dois recifes
de coral da llha da Inhaca e sua relagdo com a estrutura do habitat

Estudo e comparagéo das comunidades de coral dos recifes
da Barreira Vermalha e Ponta Torres na llha da Inhaca

Institution

University of Natal,
Durban

Universidade Eduardo
Mondlane, Maputo
Universidade Eduardo
Mondlane, Maputo
Universidade Eduardo
Mondlane, Maputo
Universidade Eduardo
Mondlane, Maputo
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Figure 1. Trends in live hard coral cover at six protected reefs surveyed between 1999 to 2002.
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Figure 2. Trends in live hard coral cover at six unprotected reefs surveyed between 1999 and 2002. *This reef is not
legally protected reef but is located deeper than 25 m and access is restricted to experienced divers only.
**Monitoring station established in 2002.
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Figure 3. Trends in the relative abundance of (a) herbivorous
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and (b) carnivorous reef fish at six protected reefs surveyed

between 1999 and 2002. Sencar Channel Reef has been protected since 2001.
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Figure 4. Trends in the relative abundance of (a) herbivorous and (b) carnivorous reef fish at six unprotected reefs
surveyed between 1999 and 2002. *This reef is not legally protected reef but is located deeper than 25 m
and access is restricted to experienced divers only. **Monitoring station established in 2002.
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Coral Reef Research in Northern
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Figure 2 a. Monthly maximum, mean, and minimum sea temperatures recorded at a depth of 17 m (low tide) at a fixed
monitoring station located at Sodwana Bay between May 1994 and April 2000. The regression line for the

mean temperature data is included (temperature
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Monthly mean sea surface temperatures for the 2° latitude x longitude block incorporating Sodwana Bay. The

regression line for all points is shown (reconstructed SST fields supplied by the South African Weather Serv-

ice; temperature increase =0.01°C.y™").
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Figure 3. Biotic zonation of the Kosi reef system, show-
ing the damage potential index (DPI) within the
zones and recommended boundary between
the Kosi Reef sanctuary in the north and diving
concession area in the south (after Schleyer
and Celliers, in press).
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Assessing the Status and Improving
Management of Coral Reef Resources:

Experiences and Achievements in South Asia

%"/ 8%-)&-.4409 +
/*4)"/5)* 1&38&%3"

1"55&340/ &%8'B3%/ 3"+"463*+'&3,&3 5".&-"/%&3

%$03%*0 4PVUI "TJBOgogw Aii6 $RVIPBICPII4A%FWBEBE PO .BSJOF 3FTFBSDI *

5BNJM /BEV/BWHEHIBBM "RVBUJD

BFTFBSDI BOE SFTPSBPED *"B$0ODZ $PMPI

3FHIJPOBM .BSPOFVISPAHSBNMPPQFSBUJWF &OWJSPONFOU 1SPHSBNNF $P

keyword: DPSBM SFFGT 4PVUI "TJB DPBTUBM [POF NBOBHFNFOU DPSBM SFFG mTIFS.

INTRODUCTION

$MPTF UP IBMG PG UIF XPSME
"TJB 6/*$&' fAiid0 4BNBSBLPPO
ESBO diii JEFOUJmFE QPQVM

GPPE QSPEVDUJPO BOE VOEF
QSPCMFNT JO UIF SFHJPO O0QF
BOE BO JODSFBTJOH EFNBOE G
MBUFE QSFTTVSF PO DPBTUBM
WBSBK 7JWFLBOBOEBO 38099
AiT0 1RSFSBIJT WPMVNF 'PS
UIF OVNCFS PG mTIFSNFO JO
GSPN UXP NJMMJPO UP TJY NJ
.FFOBLVNBSJ #iiA .PSFPWES
NFFUT PQFSBUJOH JO OFBS TIP
FYQPSU NBSLFUT DBVTF IBCJU
DBM DPNNVOJUJFT PG mTIl QSP
OVUSJUJPO +BZBTISFF "SVO
AiT0 #IBUUBDIBSZB 4BSLBS #
PG UIF UPUBM mTI DBUDIFT JO
UJWFMZ BSF EFSJWFE GSPN DH
NFO 8BGBS &g+ 3BEBJVSMAHB
JT B DPOTJEFSBCMF QSPQPSUJ
UIFTF TUBUJTUJDT EP OPU BE
TJUVBUJPO JO NBOZ BSFBT JO
UIPVTBOET PG QPPS QFPQMF E
PG DPSBM SFFGT GPS GPPEiB(

dgo+ ,BQIOBMMId 41BQUIFOHK )PPO
T AQRP St QM B BVBIRXHA JOidaP8IUIUUJIOHIB
U F&ARBBN BDOI B/ MV N F
BUXPWOSBHGIRXUF MNBTYV GBRCAFDBEFT NPT
SE'AWEB MPWRN T @ DIAASNFBRBWYW FMZ EFHS
O NBBO®BNDBPUTIFTVIEB BQPMPFSSBMZ NJOJOH
PY T PR P QIFBENPTUUSNBOURITWORB MTIJOH N
SHUPVSDED SFBTHBNFEJNF®OAU BWBPO EVF
BUBDUFUB QBB M UJPBSIBBBSDIPS EBNBHF G
FYSANOBMFFEI B DOEWBUJIFFIO YABURBBTVSIZB
D P& D0 B MB/UWNIMINIBHFBISBIIBBEBBBMRE ,JSVQE
M MiJ FRO THRWWXHFFTOP 00 -iiil iB1O B BRDV SJZB il
WPRAXINOH DHZNB8IFSDIBMNPTU IBMG UIF |
SFTXIBUKB S RJ P FIW RSIAWZ FEYFIHBICBEEIFEH X J U |
BUSEPPBEYE URCG OJ BROEF BBHFFSIWESMP HJIOH
EWBUD BBEGEBDPIBBWT TPMBIIMD PIGEO 099+
BDIBMBREJUUPGBNRBOWIDPSBM SFFG BSF
IO MVERVOWH AJFPBO B OGOSFNPUF BSFBT XJUI
*QBEDR BORE /4SIF EBOYBF®OHTIWHDDPSBM CM
PSBRSEBMAT £ E VISNIEDMMUTID B MW MSBTH BRM /J X
POBNVUFET TIHOJmDBOU JODSFBTFT JO TI
P8I PNMFUUFFOBRFIPEOSB BIFRGIT DB8BMPEXT _067 N
FROVBPUINF G K1 IBEM YO H SBB B XFIFOBAO Y VBBVE g
U INB®ORZH T PEOMX IF % FB BF®BH S k8 FPAZddeM FE 3
F@BGB S PawhNZ .G MB P B)IB®E WVIDIWT3BKBTV
DEBMUOWBF MIJTPP,B IS HAT#HFSHO BEEJUJPO L

(@]
(@]}



Figure 1.

Y

~n

By

o

IJU UIF DPBTUT CPSEFSJOH UI
#FOHBM JO %FDFNCFS iAii6o BMT
UIF DPSBM SFFGT

$PSBM SFFG EFTUSVDUJPO IB
UJPO PG FDPTZTUFNT TFSWJIDFT
QMF T GPPE TFDVSJUZ BOE MJW,
BOE OBUJPOBM FDPOPNJFTeraF H
0gg+ 8B8FTUNBDPUU 3JKTCF&N
al  ATIT 8&EUFAITI

hJT QBQFS QSPWJEFT B CSJH

B Odlan i

F HOEBNBOEIEBFEEGO WBB PENCFS PG !

PGDBMWIFHE TPNF EBNBHF UP

T MFBE UP EFDSFBTFE QSPEVD

e T R - Tuncn

JOF TUBCJMJUZ
FPO o0gwoi

8FTUNBDPUU
"MM NBKPS DPSBM SFFG BSFBT JO *
GC.PWEFBSVIBL PIBEXIFFQVSSEBNBO BOI

TUBUVT PG DPSBM SFFGT JO
SFQPSUT UIF QSPHSFTT PG $0

*O

EBEOEUUAFEBME BWHG B/UD # 85 FBVOQABF S |
3 %4 DOWIJ B DRVI W BUUIVS JOTIWIRVREEZ ATIT




niro *O BEEJUJPO UIF DPSBN
DBVTFE B TIHOJmDBOU EFDMJ(
NPTU BSFBT 8BGBS 0g0derdSl
AiTA 3BKBTVSJZB diii 8JMIFM
PG FYUFOTJWF BSFBT XBT SFD
#BZ UIF (VMG PG .BOOBS BOE
NBSBHXNSWiTiO

7TFOLBUBSBNBO #iiii SFJUFS
JOH UIBU UIF NBHOJUVEF PG EBH
SPONFOU JO UIF (VMG PG .BOO
%FTUSVDUJWF mTIJOH NFUIPE
OFBS TIPSF USBXMJOH TFEJN
DBVTJOH DPOTJEFSBCMF EBNB
JOH UIF SFFG mTIFSJFT PG UIF
#BL&¥A AT %FFQBAksZ4ABRMRM1B
TPzl UIJT WPMVNF %FDMJO
DPSBM BTTPDJBUFE mTI EVF U
CFFO SFQPSUFE dHF MNB SBMS
FODFP SBMOJOH XIJDI SFEVDFT
BT OBUVSBM CBSSJFST BOE MHF
IBT USBOTGPSNFE UIF DPBTU

4VEBSTBO iio BOE JT QSP
TVCNFSTJPO PG UXMGTRMEB OEQ C,
BUBSBNBO diii hF UTVOBNJ J
BHF UP UIF SFFGT BG3WNG iH

hF BUPMM SFFGT PG UIF -BL
UXFFO 60+ BOE +6+ PG UIFJS M
dsg+ CMFBDIJOH FWFOU 8BGB
_0i+ 1PTU CMFBDIJOH TVSWFZ
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Figure 2. Coral reef monitoring in the Maldives.
Photo: HUSSEIN ZAHIR.

Figure 3. Mined corals in Batticaloa, Sri Lanka.
Photo: DAN WILHELMSSON.
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THE CORDIO PROGRAMME
IN SOUTH ASIA, 1999-2004:
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Ecological Research and Monitoring

$03%*0 TVQQPSUT UIF NPOJUPSJOH DE
OoOBUJPOBM HPWFSONFOUBM JOTUJUVU]I
TFBSDI BOE 3FTPVSDFT "HFODZ /"3" J
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TICMF GPS UIF NBOBHFNFOU P
UJFT %FQBSUNFOU PG 'JTIFSJ
JNQMFNFOUJOH JOUFHSBUFE
$PBTU $POTFSWBUJPO %FQBS
CIJPEJWFSTJUZ BOE NBOBHFNF
QBSUNFOU PG 8JMEMJGF $POTHF
MBCPSBUJPO CFUXFFO $03%*0
CVIMET PO QSFWJPVT DBQBDJ
QSPWIJEFE CZ 4JEB 4"3&% CFUX
EJUJPO TJODF 6goe $03%*0 IR
JOWFTUJHBUJOH UIF TQBUJBM
SFDSVJUNFOU JO UAF .BiMiBJ WH]
HSFF PG FSPTJPO PG SFFGT GP
uBMJUZ IBT BMTP CFFO JOWFT
NFOUT ;BIJS AiiAC hF $03%*
BMTP USBJOFE TFWFSBM QFPQ
EVDU HFOFSBM DPSBM SFFG TV
NFOU BOE FSPTJPO PG SFFGT
'VSUIFS UIF mSTU DPNQSFIF(Q
UIF 5VUJDPSJO $PBTU JO *OEJB
%FWBEBTPO .BSJOF 3FTFBSDI 1
PG UIF $03%*0 1SPHSBNNF 1B
TR/ UIJT WPMVNF hSPVHI U
JUz CVIMEJOH XJUIJO UIF QSP
MJTIFE B SFTFBSDI HSPVQ FRYV
JOH PG DPSBM SFFGT BMPOH:xU
a  UIJT WPMVNF AFWFSBM PG
4%.3* QSPWJEF TUVEFOUT XJUI
GVSUIFS TVQQPSUFE 4%.3* JO
DFFEJOHT PG UXP DPBTUBM NB
Q S P E V DASIR £iddPrdStony coral (Scleractinia) of
Tuticorin in Gulf of Mannar, Southeast Coast of India
I1BUUEFBSBTHQOI6 GPS EJTUSJCVU
FST FOUFSJOH UIF mFME PG DP
8JUI BTTJTUBODF GSPN UIF /B
BFTFBSDI BOE FWFMPQNFOU
-BOLB 4VC "RVB $MVC $03%*0 (
CBTJD FRVIJQNFOU UP TUVEFOU
UJDBMPB PO UIF FBTU DPBTU H
DPNQMFUFE UIF mSTU TVSWFZ
EVSJOH fAiiooAiiéo %IBSNBSFUO
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0 QSPHSBNNF IBT
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ONBOUVBEJ@%.BY BAMPBEP 60JWFST
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JFOQPETGPS SFQFBUFE NPOJUPS
IF 5VUJDPSJO $PBTU 1BUUFSTPO
gdco-EQoBamik Mapitgring pf BaB8hpi Bardgmigtass C Z
1 U BO EFdeSDF FOTI BIOB OB FE UIF BDUJW.
UMP ESVFIQB SBUUP ABPG MZSTFF MPDBMM:
ORHBNFIW X RS ETOFGE BROBEPNEJOF NE
XJUI BQQSPQSJBUF NJDSP TZTUFN -
QBSUJDVMBSMZ UP AJEFOUJGZ UIF ¢
JPEOEBENPROHISFTPBEDA DPBTUBM DPNN
S B8 BFFIG 6% TFBIBDI DPOEVDUFE TPDJ
UJ© OBWIF "R/ BIMBMH B F TEAWRSOHF U IF 5V UJL

"HFERY FO'3 "N BOEHFNFOINI QSPKFDUT JC

PSPWITEWENNNBBOJUEWBO6E JO UIF -BLT
JTSBO BBFTGPSO BBOIPNOFSFIBESBBBO &C
»GAPDIFRAL B " ZBA4AU FIBO FAUVBESMIIUEE
T NPREO DUP SSIFOFHG Q SPRFGH S BN NFDUWEBB Q U |
BNUJWBWHET BOH SWIWVSDF VTEF XJUI ¢
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USEFGZ UF {MPCIB MT 3B SBIEP3I/AHGMFHBM
ATTOPSRTMNWFE B@OBIMPDBMJTFE [IBWJO!
QFSQFUVBUJPO BOE FYQBOTJIJRPOTPBMBTIP SNAPPWOB S MRIOHF  ®FSIPET F F
HSBNNF hJT QSPHSBNNF DBO GBDUMJIUBUPSHFEX BWEMP QIBXORS SFHVMB
BOE JNQMFNFOUBUJPO PG GVU\DFPMN QBOBEHRXNBOUIWBDBIPWPT CF mMSNMZ
UISPVHI UIF HFOFSBUJPO PG EBUBFQUOEEIOGRAENBASIPEDEBSEDBNNVOJUZ U
TVDDFTTGVM JOWPMWFNFOU PG BG BEXEEPSHEFSTD BNONEVPEBVYEBUJIJPO *O BEL

'VSUIFSNPSF 3$03%*0 IBT DP GVO@EFE TPNEF$BYVQQMFNFOUFE XJUI mSN
JOJUJBUJWFT TVDI BT QJMPU PEDON PJEDR O PBIVBUDTYOWHEBSFIDOESWJIEVBI
-BOLB JO diiii CZ /"3" BOE B USBVBXOBIOIEPVBSFFE@ EPDDPVSBHF WPMVO!
FDPOPNJD NPOJUPSJOH GPS DPSEBM MFEBTAIIO UIFHUBEBNBXBSFOFTT |
BOE /JDPCBS *TMBOET *OEJB QUROAJIONVFODFT CPUI UIF MPDBM TUBLF
'VSUIFS QSPTQFDUT PG mOBODJBM HB
Reef Fisheries and Tourism QPMJUJDBM BOE TPDJBM BDDFQUBODF
hF DBUDIFT PCUBJOFE JO TNBMMQNWMBMMBDPBB MP&F B® nViSB $MJ E8FgRIS¥ S D F 1
PGUFO OPU SFDPSEFE CZ HPWHSOWF OUWIFMP WFIFEEMM BTUXENMFET MPOH L
DBOOPU CF EJTBHHSFHBUFE G$PRNGUOP O EFJRIGE/NM WWWFSZSBUDBJUDFT OFF
UJDT hFSFGPSF /"3" XJUI TVQOBSUFESPNQPIMIPZONBLFST BOE DPBTUE
JOJUJBUFE B QSPHSBNNF PG NPOJMOP 8Ji0H $PBBFF D M GIFSEFE JBXO FEVD
UISFF BSFBT JO 4SS0 -BOiLB 'YSBYFBBBBFOFTT Q 3 Rikd Br bdfs] UNKFNE F
EBUBCBTF UP DPMMBUF BOE TUPSFQWWFE SKBWIFPOPEMEDSBOIBGEWBBJIP O
DPMMFDUJPO BOE USBEF PG NPBSAIF-PS DB NFHOBBBISMOFXBDENQBIHO TL
WFMPQFE BU /"3"a«IJMAFMNTFIEG €BR FYIJCIJUJPO JO $PMPNCP GPMMPXI
HSBNNFT XJMM IPQFGVMMZ TFSWFIBD VUTOFGYIM RJIP\PVMBT BORJISBRBBMMFE J
BHFNFOU PG UIF SFFG mTIFSJFT OORNYCFOSEZGA WIBIUBOLBEFS EBZ JO 5BC

$PSBM SFFG SFMBUFE UPVSJTNSFIT?BUQIBFHUIO \EW B 8 NNRPERJBIPOIOFT GP S
JO UIF .BMEJWFT XIFSF BCPVU|IBINSIJMB Y Q@ WKIFNNDPBETIB SFUTBY CBSFBT F
EJWFST BOE USBWFM BOE UPVSIANSDPYSSIEYNFSES EWGH®HUIFPFEVDB
UIF OBUJPOBM FDP@R#NATEBFT BEMBBeBM UFBDIFST PGUFO BTLFE GPS SF
-BOLB UIF SFFG SFMBUFE UPVSIUONBTIOODSEBMIOHTQEKPEDDVNBEMBI F E
JO UIF OFXMZ BDDFTTJCMF OPS W FREBUT UWASTO B0BRB FBBUFSTOUBEFEBE/ JO Q S
hF F FDUT PG DPSBM SFFG EFHSBEBIPXFPEMPQBORPBHFTN XFSIHOIBMB 5B
UIFSFGPSF JOWFTUJHBUFE XJUIJODURP N O3BI% ME QBS®@ HEBHASIF -BOLB EVSJO
JO CPUI UIF .BMEJWFT BOE 4SJ N\BBOLMBS CHM XBFIOEdF &H BOVMBIFE UP PWFS
ATTA $EEBSATIT BFTUNBDRUWBS| LB *6%/ Aii6 FOBCMJOH TFDPOEBSZ T
BMBM fiiii hFTF HPWFSONFOUBW I IBRPOFUBBRN QKW AXRMFEHRP ®G JTTVFT E
SFFG mTIFSJFT BOE UPVSJTN VOGBGRPOWHOB WBNMAH B BNN OCPSBPIGMBVI@OH QFP
AifTAi CVU UIF JOUFOUJPO JT UIBUPGIAITIB B WNBUFISUBM XPMMVMDSFFAMNFIO 5B
EVSJOH iiio 4%.3* JT QMBOOFE GPS fiiid

SBNFMBOEFS UIJT WPMVNF
FOUIVTIJBTN HFOFSBUFE BNPO
JOH B QJMPU QSPKFDU JOJUJ
.POJUPSJOH /FUXPSL ($3./ JO




Figure 5. Vermi-compost in Vellapatti village,
India. Photo: SDMRI.

Tuticorin,

Figure 6. Crab fattening tanks in Vellapatti village, Tuti-
corin, India. Photo: DAN WILHELMSSON.

%VSJOH AiiAd BOE Aiid 4%.3* [
BXBSFOFTT SBJTJOH QSPHSBN)
UBJOJOH SFFG QSPEVDUJWJUZ
UIF 5VUJDPSJO $PBTU 'JTIFSX
YEMQ (SPVQT XIP QMBZ B WJU
NVOJUJFT DPOTUJUVUFE UIF N
WFTUJHBUJOH UIF EFHSFF PG
JTTVFT DPOEVDUFE JO UIF WJ
DBNQBJHO TIPXFE B TVCTUBO

WPMVNF .PSFPWFS DPSBM NJOJOL
BOE CMBTU mTIJOH BU hJSFTQVSBN
BT B EJSFDU SFTVMU PG UIJT BOE F
"MTP JO hBSVWBJLBMBN UIF mTI

TUSPOHMZ PQQPTJOH &4 SBNMINNMNBM
VNF

Figure 7. Fisherman in Vellapatti village preparing gastro-
pods. Photo: DAN WILHELMSSON.

POEWBBEBEXB TIFK 6 JTPVPBPIG-SO 4SJ -BOLB
N FU FROOT WWH JRQ B SNBBOOHSSFPWGE TTBEF IBS Y
JOSP BEOADNAIP® PG WINMBISPN BIMAP O BIC
PNPOSPEBWHBO UTFEFIQDHAMZMBFTUSVDU
BN PIPDRBWBIRHME IGRKFDE DPNL PSH
BEY IBBHRU HIPVREEVADVVBBWFFEDBEH GBJTH
B X@BFRFIOJFOH PRSB RS8R G F FB30 E FBTBIWPHDE
MMBNKRVYOURPGEPNSHN B PET BPGU BFSL B XB

J J B MO JHOBDUS FIEDTH-M PB  LASRX-BOEBF $03 % *
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PWFS UXP EBZT JO +VMZ #iii
TDIPPM DIJMESFO BOE UFBDIFS
JO EJTDVTTIJPOT BOE PO UIF T
mDFST /(0O T BOE EJ FSFOU T
UIFJS WIFXT OOF PG UIF NBKH
FYUFOTJWF DPSBM NJOJOH UBI

The Feasibility of Restoration

of Damaged Coral Reefs

hF OBUVSBM SFDPWFSZ PG SFF
EZOBNJUF mTIJOH JT PGUFO J
TVCTUSBUB UIBU BSF VOTVJUB
TFRVFODF JT WFSZ TMPX #SP
SFDPMPOJ[BUJPO DBO CF GBD
DPSBMT TJIJNJMBS UP SFGPSFT]
TUPSF UFSSFTUSJBM IBCJUBU
USBOTQMBOUBUJPO UFDIOJRVH
BOQQMJIJDBCMF UP PUIFS BSFBT
DBM DPOEJUJPOT GPS TVSWJW
HSFBUMZ BNPOH MPDBMJUJFT
4NJUI JWVHIFT Ogoo "MTP XI
QMBOUBUJPO PG DPSBM UIFSH
UFSNT PG MBCPVS BOE NBUFS
USBOTQMBOUT XIJDI JO UVSO
DBVTFE UP EPOPS TJUFT hv
4%.3* JO JOWFTUJHBUJOH UIF
NVOJUZ ESIWFO SFFG SFTUPSHE
UBUJPO PO UIF 5VUJDPSJO $PB
BSF QSFTFOUREKE JWUIUVHUWF B VNG
TQJO P PG UIF JOWPMWENFOU
FOIBODFE BXBSFOFTT PG FOWJ
DBM mTIFS GPMLT

Alternative Livelihoods

for People Dependent on Coral Reefs
iBFTPVSDF QSPCMFNT BSF OPU
MFNT hFZ BSF IVNBO QSPCMFN
NBOZ EJ FSFOU UJNFT BOE JO |
PG QPMJUJDBM TPDJBM BO4&
al 0@00 hF JODSFBTJOH QSF]
BOE UIF DPOUJOVPVT EFHSBERB

%V @GP REFTMQ QWM EBOBVMPOBRINFT GPS |
s TOPRT $OMVGUOFERFR TQ BPUNBUIREDOPBTUBI
FDOPUEBBZE QRW PO OBNFEKBUBMFAG EFQFOE
UBMFAVMBMETF T2 DEFCWIEJVOBHFEQQPSUVOJU.
S DBRQ POT BEIH BWIUIHFEOBBITWHFMIWFMJIIP |
LJQBRKIMBBF PO SEEGIDBMPB
*O PSEFS UP PQUJINJTF UIF PVUQVUT |
BOE PUIFS F PSUT BU B MBSHFS TDBMF
FSBUJWF &OWJSPONFOU 1SPHSBNNF 4
GTBENBRBSE TTFRODPEBM QNIBOOH P F PSUT
O INNCWFIVB Ie P EVTODIP @S P MEBEEBB BOE PUIFS
C MoH- GRP\GS DHFURIWIJFBNFF QUUB 8 19 FEU BOTHB QOPAMD) D Z
X ON B @B/IDFOSFT BBRF B O BBAZMFBEMIUIF MFTTPOT
J MIJFRUB B BES € PINNFFOQTEBWB PO B I GIFPD GR/AJ V S
U B O HPEE B BUWPIHSTBENWN B © DWPINFE HFFO BFB U JOH
T *UVIBHSTOGDP SSREBUFEXBWF®HOEJOHT P
- T TWIDHEBJOUR B F TREIBFOB B FOFPRQ R FOU #BO

TIOPWFEKSFONROUBM EMCBBGSEU SBEPMPHBT XF

BMYBOSJEOPE EGWFMPQNWME U. MEFPIVF S
BHDEP O BN DDJFE P QR BBOP O3 @B UIFTF JTTV
FCHPWOS ORNFDIOEM NBBXEBUF PG 4"$&1 hF
JAGBUUSE BF \WJ FOF B XFAO/ DI T OFEMEIN EF S
J B M* OB ®\VEU WD P STACS WIJRMBAVE BSNB UWFJ MG BHF O
B EPQAOEFOBNPYOWUTPSFERPNBIBFT PCUBJC
T BEFB%*P UVE QRBUBEIZABOISBPEREFE mTI
5 FIBOTH GUSWPMIZER G NOFDXS PR TUOBIPRNFNBOE G
UBPE BFHRMIIDII D PSBBU D SBODENGPM mTI|
TG FBORUTWFUE OFECEBTOFEDWR VEB thA 1JOH N
' W BMVBCMFSUIFS DPSBM NJOJOH BO
P& UDF MEPD BN DFPBEYY BFOUD SFZFE B TJIH
SRBEAEOCIFFNG DT TVUB™ N NFPOOCHV P EFTQJUF
NFOU %FFQ®BAL 4BNWFMBUUFSTPO Aiifi
5VUJDPSJO $PBTU JT POF BSFB UIBU 1
QSJPSJUZ GPS NBOBHFNFOU JOUFSWF
OBUJWF MJWFMJIPPET GPS BSUJTBOBN
SFBWITM Z4 BB W J SPIWUN FIOAUBQMP QS PECSPN $03
T U BUOXE 1B WF DSFBRUFEGBBN GPVS WJIN
| BOZJQMBO B D DVOETS B SMBSTBUEH PG FB
F DA O FNSIDEVRUUPRTRVG ADPX BB JFOEMZ GF
[TVSSBRMOTEPBPSBMU%SBTBTSDFUFE JO UIF
UURGTP @ SP\EBEFSFFGII WISBBUEBDLVQ
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LFUJOH BOE TBMF PG UIF QSPE
EBZ IVOESFET PG mTIFSGPML
TIJEFSBCMF mOBODJBM HBJOT (

"MTP JO Aiitdi HSPVQT PG mTI
DSBC GBUUFOJOH XIFSF SFDF(
UBJOFE JO UBOLT VOUJM UIF TI
BU NBSLFU GPS IJHIkFS QUEIIDI RV F
hF QSPKFDU IBT BUUSBDUFE BU
BOE UIF %JTUSJDU "ENJOJTUSE
DPOTUSVDUJPO PG B TIFE XJUI
EBZ BSPVOE 87 XPNFO JO 7FMN
BDUJWJUZ XJUI DPOUJOVPVT U
4% .3* UISPVHI UIF $03%*0 1SP}
UFSFTU JO FYQBOEJOH UIJT Q9%
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#BZ PG #FOHBM 1SPHSBNNF #0
PWFS SBUF MPX PQFSBUJOH L[
NBOE GPS UIF FOE QSPEVDUT
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GPS DPOTVNQUJPO BOE UPEBZ
MBHF /FBSCZ WIJMMBHFST BSF
hF HBTUSPQPET DPVME BMTP C
BEEJUJPOBM TVQQPSU GPS GB
XPVME UIFO CF ORBHEFEIJTBWPRM
BDUIJWJUJFT PG 4%.3* IBWF DP
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EVDFE QPWFSUZ JO WIMMBHFT

"U 3FLBXB JO TPVUIFSO 4SJ -
UFOTJWF 1FSFSB Aiié6 5%1 AT
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BHFT BT XFMM BT GSPN HPWFSO
BHFODJFT hF QSPWJTJPO PG TVQ
TUBM QGIPOYMBUJIPOPNRFSEREIBEDBVNCEF
OBICIBVUC RFIOXFFOGPPXBBHGE MY FUILFP ME
#INBEYFDPB BUMFNGBFS UVYYQOFE UIFJS
PVBHBBOESBBMIBEMEPBB®ILGH EFB U\
1SBINFBOUUF (BOFEWUBORMF DPSBM NJOJ(
SEBFBODVMBORUYEB MM PGBGHHBZ USFQPEMJID I
UDPOBBTVHhO H- B D GVNBWGIHFFNTFBRM F

U VAESEOR WPIMBIDLURE ROPXWMF $POT
MX FU Ih ¥V QP KB NFHP NO$DBIGMB QU S B J O
O REPOFOHEHFBIFOHBPSBROWYEIJOH U
JWBOE XPPE PG IWH € BFUJ OOBWI B WUJ MN C
OB BMUBLFOBRISWBE NVIMBESMUSBRBD XJH |
FBMABPBVMAVIZ INB USBIFEIBNM XIPSYHTIPQT
DIJMJISNBUF N PHDITUR TF BOIECZSFHNPWBP
YNEKODRFRFJO TFMMJOH UIF QSPEVDUT
D UBVEWMFE BPDE INOAHSB HFVBJFA W IBU JT
V 8IMFTTP BIC5EP VPUFH NWFI F PWRMF BB U [P
Paamye S\WFIDPSIB BMPBHJUFSN F PSU
BOLB FISAHSBOI NI IDOANNVOGYUZ CBTFE
6 SFBBKB BYUFBT PBUWIFYFP®W FE UIBU
FBAVIMRMGWIHOGV SEGH O BP JNIFFOQHA XBBED V (
PTNPOQJOQOO UTFTBSMB IPIHFWEBMUBCMEF
JMZ DYCEBIMEFE JJOUNBEB SBEBIMBT CFFC
SDFENMRPW FXGCPH B GUMBJFB MBSHFS T




JTN XI1JDI DBO CVJME PO UIF HR
QSPKFDU 5%$1 Aii6 60GPSUVO
DFNCFS i6 fnii6 DBVTFE NBOZ
BHF UP UIF JOGSBTUSVDUVSF B
IBWF MPOH MBTUJOH BOE TFSJ
POQNFOU PG UIF BSFB JODMVE]J

DISCUSSION AND FUTURE PERSPECTIVES

hF UISFBU PG HMPCBM DMJNB
DPNF UP UIF XPSME T BUUFOU
TFFNT UP CF IFSF UP TUBZ *1%
GBDF UFNQFSBUVSFT BOE JOU
DBVTF NBTT NPSUBMJUZ PG DH
TIHOIJmDBOU MPTTFT JO UIF H
TZTUFN GVODUJPOT PG DPSBM
JPFHI (VMECFSHedo odo sd) PRAM
etal, 0000 &RBTHIST 4P JT UIFSF
JOH UP DPOTFSWF SFFG GVOD
NBOBHFNFOU F PSUT B FDUJOH
*OEFFE mSTU UIF TVTDFQUJCJ
WBSZ BNPOH TQFDJFT BOE TJ[H
"MTP UIFSNBM BEBQUBUJPOT

UJPOT PG UIF DPNQPTJYdPkiddinP (
iwm TQQ IBWF CFFO TVHHFTUFE
SFFGT TIPX B EFHSFF PG SFTJM
iDJSDVNTUBOUJBM FWJEFODF

UFNQFSBUVSF UP&kFSBODFwW) V:Hy
al ATT0 GVSUIFS TVHHFTU UIBU
UIBO EJTBQQFBS FOUJSFMZ )P
DPSBM NJOJOH PS EZOBNJUF n
TPST BOE GSBHNFOUBUJPO PG
/IZTUSUN '"PMLF #fklio MHMBIIFBCJ
IJCJU SFFG SFDPWFSZ JODMVE
CZ NPSF UPMFSBOU DPSBMT

hvT B EFOTF OFUXPSL PG F F
QSPUFDUFE BSFBT .1"T BOE

PUIFS SFFG BSFBT UP JNQSPW
UJPO PG EBNBHFE BSFBT UISP
NPSF JOUBDU SFFGT BSF OPX

Y Q PV EP DiFi T8 G BXPHNRATB) TSBTM P W4 B M N
BYFMEKXPIFEITVOBNI PO %F
D B AFBWM O EMZBIGXEMMFBIP@RROU PG FOIB
UDBFFS. BN BS ARG TUSBGIO P UF WFOQ KQ KU | U |
P VITF B RUFINFQRAVGFBOLDWSTF & PB OE INERW VG U | F
OHIB I8 SANUJANOTEG URSUBJOBCMF NBOE
QBSU PG B SBDF BHBJOTU UJNF " DPMN
CF QPTUQPOFE BOE NPSF QSFQBSBUPS
UP NJUJHBUF UIF DPOTFRVFODFT GPS
hVT GPS FJUIFS TDFOBSJP UIFSF JT O
J FU DA EDCPHSB W S FDFRSTB BIOEF B FTQIBAQMF E FC
JP O FSAMBE OJ\® FIMZP SFR S BN MSF FGVNBOBH
$ BIOE FMOPSIFEFFESFREBWBE VSHFT GP S
FGPBTHUBMNMPOKP BROBHFNF NBZ*$;. QSBI
S B ®IG PEEME NSFMIWB Und WIFIS 2 FT BB @ BBHFE F O U
YUFDWP EDPBDPWBEBTNPR2IJBE@EJIJPBP DPMME
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BT@RICOTB® OB SFQPSUTFPGBN BFYiJ DFHETSH
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DB B HFT OV TPSIF ®® JOAPTQ M F
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T ERMBnd@PCR BMilatioh HEFfOIGY SB A1 3
3 QgD @ssaRdmplamesting/Agendies U F S B
5 HESEJPTUBDBSIVIBFO EFHSFF PG QSPHSF
B \HU BFPXBM MiFWFMBQAD 4PVUI "TJB " O
JBOEFQEPRNMFBDIBBPQBOEHU UA S FQIIIOD J
G DI BOI @O HPEBH BWPGEVUBWE €BFO JOJ
IRSFHJPOBM #BZ PG #FOHBM 1SPHSBNNI
UJE SBF6/MRXBFMIPIGBM R SBULSS HSBNNF
XEWFS $@P DP IBPMWIT" UPBIFSBIOBOPB $P
TIBOBHFOFIGP ABIKPKEDL THESAT JNQMFNF
SBPE®T VSWE B B NP O F%IRFES SNFOMUIFQBME JV
)E3FOPVSDFT .BOBHFNFOU *33. *OEJB
- JOHBWIF RFPBITTUBM F TP PBICPBHFEBORO"V U
P ZB 5 PeTaliF BAOORWNMFS88M TVQQPSU IE
D WIVEFE ZC K BRD BWRE NB $TOPSHBOJTBUJP
30 FPOAWE B FEJYSABBDOBPODIFPQSPCMFENT E
F NV DSFTTQ B D B TNBG JSFF DPIVPPTZITUEFN T J
V HTJ B DTUQFSBTBW EFFG DPFS BM B 06 SRNFOTF U
3 UISIPYEIMBIIHBPFOE MAWBSMNT ZFU UP

ATT0




hF $03%*0 QSPHSBNNF DBO m
QSPDFTT XIFSF OBUJPOBM BOE
HBOJTBUJPOT XJUlI MBSHFS mO
XFMM BT GPSNBM BVUIPSJUJFT
$03%*0 4PVUI "TJB DBO BMTP Q
MOEJOH EFNPOTUSBUJPO QSPH
hFSF BSF PGUFO BEWBOUBHFT
QSPKFDUT BOE CVIJMEJOH DPBT
TDBMFT PO UIF QSPHSFTT USV]
UIF MPDBM DPNNVOJUJFT F H
5PSFMM diii hJT JT JMMVTUSE
etal UIJT WPMVNF XIFSF BO J

HPWFSONFOUBM BHFODJFT BOE

QSPKFDU UP FYQBOE CPUI HFP

*O DPMMBCPSBUJPO XJUI UIF
HSBNNFT BTTJTUBODF GSPN B
JOTUJUVUFT JT NVDI OFFEFE )
UJPO BNPOH OBUJPOBM BOE J(
uiJBM 'PS FYBNQMF JO PSEFS
JOJUJBUJWFT PS TUSFOHUIFO
NPSF USBOTQBSFOU DPODSFU
RVIJSFE QSIJNBSJMZ GSPN UIF T
PSHBOJTBUJPOT BOE JOTUJUVU
DIMJUBUF UIF JEFOUJmDBUJP(
BNFMJPSBUJWF F PSUT UP CF N
.PSFPWFS UIF DPNNJUNFOU G§S
UP CF JNQSPWFE UP BTTVSF B
TIPSU UFSN GSBHNFOUFE JOU
QSPKFDUedAa 1RSFEBVPMVNF 6Q
TPNF DBTFT UIF HPWFSONFOU
IJCJUFE CZ UIF BTTVNQUJPO U
HSBNNFT XJMM TVDDFFE FBDI R

Reconstruction after the Tsunami

-BSHF mOBODJBM IVNBO BOE

JOH UIF SFHJPO JO UIF XBLF P(
NBOZ DPBTUBM DPNNVOJUJFT

EJWFT BOE 4SJ -BOLB *U JT O
ulBu B IPMJTUJD WJFX JT BEP
QSF FYJTUJOH VOTVTUBJOBCM
B FDUFE hF EFWFMPQNFOU PG

\.

MBOEP NBPHBRNIUDOBDURIWJIUJFT F H B
JQWPF B ORISR B B-W UPJ U JURIUFT 80IB PS
B G B HB/W BOEP DVIN BSF S¥ MRV SBIFTOB D P O
DNEFSOSLZB M| E INBSIRE BBETPB OFDE OMNUD M
SPWIPF BFOWASBAMS ABWMSONFOUBM B
 FDNJE MG/P 5 DBWI F S B UWAF CQYU W EBRMF CFF
JOV 5B BFSQ JIORB KU B M TH\FBINPM STIDFBTM FB O E
UBM UNBIFB B PWFGW E RIS BF\BU VB8O FG|
[UIBPETD HUDE BO BHS BB Y 6l BDE SN PRV B
OMHFQAFSESRITHIIB fMiVIT BJE SFTPV!
3 UFFEDPBE B ODAVBEM 2U IO M B O H ASHPN E
OBBSHBAOOBA®EFEBTW TS FNDPOPNJID
EP/GESTIBSMBBOPXBPEH UIFIBOWEIBM S
HIBRIJD BBV ZQBOW WPYEGZIBMMZ
FYJTUJOH QSPKFDUT BOE QSP
E EndpovieP G>BEMmPnsaH@eDdsE B JPOT BOE
P Merg\EffigienGSprveillgnee angLgw Enforgement
UK S OB/WIIPFCSB G BMI B 0D BIOTE JSF FTVIVFEU J |
U B @S RNSPWHF DUR PO P PEBESOBR SFTP\
JOH"PETRBGRERIITHF ©) SPHAPBNN FTJIB JT
F BOREUTRGE MBXD 8 PEPSFH\OMBUT BSET J°
VOQRSUSPMBEGE OFP RSBIJABBESHE Al
) FAT 060 U'MF SFEUIPEDU FhE) TF B8 MMEESGBO U |
D PGD BBRE JOOES PR P BJ OBIMBV B MRIHHF J (
P SIF @ XD W T\FEF BOFEMB R PV ENIG BRU FB U JW
PN FUIGFHE MFB O RFDIBTSEFEET XIJMF Ul
M FOW FUTF SW © S MBKTFCSBRISBS NHB O OF
- SWSFHROQIWPNZ (07 EPINBS AVBZWBPQ UIF
G BBSUVWBRBUFHMRZS EPMUBCMF CVU TIP
S M. EEEJDBGJPOXIFAVERNT WRICFTIOVME C
| BXU W | B XBREPS TEISSB/FU ASBDUJIJWJIUJ
UBE QPMJDZ NBLFST OPU POMZ UP .
NPSF TUBLFIPMEFST CVU BMTP UP
MBX FOGPSDFNFOU BOE TVQQMFNFC
N BOUCFFS FY 8 NSGNT P V B B FN'BEOSZF BOBUF SMM V'
5 FIC-DEF T \DBM IDUBBE BPWBUUBBME QJO
O45B V-BIOEBT WS @i D EXBFSBM IF QP M.
P XOR/ Gl CFESS B (8 PD/FOSLB MINNQIFOSASBIOBGUFS T
N WFEEH F B TB B OCEPM PUDB N RIPVFEUID 1B 6 T
F FGUYEUQFE® QNFUJ 6 VDPN WE BE M @ SIAVEVT
JOIGOBOH BUEBFUSVDUMWFRNSFEG mT

00



BDDFTT UP BMUFSOBUJWF JODP
, JSVQBJSBKBI diio JODSFBT
UP CF BDDPNQBOJFE CZ FYUH
HSBNNFT QSPWJEJOH PUIFS MJ

Consider Research Efforts as
Only a Contribution to the Process,
Not a Solution
hF DBMM GPS NPSF SFTPVSDFT
TIPVME POMZ CF NBEF JO UIF D
QBCJIJMJUZ UP TFU QSJPSJUJFT
NJTF UIF EFDJTJPO NBLJOH QS
4VQQPSU UP SFTFBSDI BOE NP
BT B XBZ UP TIPX EFFE BOE SF
BCMF NBOBHFNFOU NFBTVSFT
QMFY FDPTZTUENT TVDI BT DPS
UlBU TQFDJIJmFT JO EFUBJM UIF
UulBU BSF TVTUBJOBCMF XJMM |
XF XJMM FWFS HFU UIFSF PUIF
1PMJDZ NBLFST XJMM IBWF UP
EFDJTJPO NBLJOH -VEXJH 09
ATTT BOE XF DFSUBJOMZ LOPX
VSHFOU UISFBUT UP UIF DPSBM
DPSBM NJOJOH CMBTU mTIJOH
TFEJNFOUBUJPO UP UBLF JNN
SFTVMUT BSF BMSFBEZ BU IBCQ
MBSHF TDBMF FYQFSJNFOU PO
NBO BDUJWJUJFT PO DPBTUBM
$03%*0 XJMM NBJOUBJO UIF
NPOJUPSJOH JO UIF SFHJPO B
POTUSBUJPO QSPKFDUT GPS S
$03%*0 UPHFUIFS XJUI *6%/ 3F
HSBNBIFTVNFE UIF SPMF PG UIF
"TJB hJT JODSFBTFT $03%*0 T
JOH EJTTFNJOBUJPO PG JOGPS
SFFG TUBLFIPMEFST BU MPDBM

ACKNOWLEDGEMENTS

$03%*0 XJTIFT UP FYQSFTT HS
B3FFG .POJUPSJOH /FUXPSL ($1

NEPNPWISDFIB F$HP PoQESBBSWWI OBINW ISP O
FE4NMBXL F Od F SBPBSNVEO §PORFEWBUJPO 60
FO.TOWFUBEWFOM ROMREGE OQIF®U BOE 'PSF
WBMI [PPEMPRIOPESMUMUIWIFFZ PG *OEJB ;4
WBEBTPO .BSJOF 3FTFBSDI *OTUJUVUF
/BUJPOBM *OTUJUVUF PG ODFBOPHSBQ
.BSJOF 3FTFBSDI $FOUSF .JOJTUSZ PC
UVSF BOE .BSJOF 3FTPVSDFT .3% .BN
Gl OBMFBRUDB BOXE JNFPTOPMISTSRIOHBOE 3FT
POHUIFFO'ZP GJPAQMBJISZXJEeB UJFIBBJFT BOE
DPLDUJIOYPVBREBBTUIFT BVBBQUBM P GPDTFS
P DIS$TIT FZ SRO-B BB JPBTMMUBBOFEO IJWFSTJIU.
D JWIFEFSROIHF I I@NPMEME PRIOCH PINFRJOF $03%*0
QMBIBFIBY EFRBQBFED M¥GRSGBODJIBM TV(
SBMTPWBDVBBAMWHAHE{FE DPN
BM SFFGT B TDJFOUJmD DPOTFOTVT
MFWFMT PS NFBOT PG FYQMPJUBUJPO
UBLF B MPOH UJNF UP BDDPNQMJTI JG
S REFERENGESPVHI USJBM BOE FSSPS
MINBEBMEBEM TPINF VODES8OBHPO UWUZ1JO 8INBMI
go ﬁ'I'(T)ﬁwmqﬁ(ﬁco;’alb[e@ﬂigq}zﬁw@zﬁSrz'Lan/m 4PDJP
QP%J@PW NJPSI-FLJ'FBSDl %JIWJITJIPO

QP TV E,UP UIF
SFER SATIRNE 56 S ey VER,
1T "BWMESMTIIQi i SPRMWMYMIBEO IBRBOE NPSU
F E J8rF BPHUIPPO EGOFRIVEIGWEND BIMP TPVUIFS!

E @@@Nzentd |q:a é@o 6@F¢¢J§3§*’Fﬂ MPOH
WBOUBUJ

YEEE Q
TLN V) H SFBGIW O
F%ﬁﬁi M fﬁé 45% ”ﬁ %SEF D oroES
TVQLRS BBE 4'\14?03%&%5/5% .D$MBOBIBO 5
DE BPD$IO\VE VSR Bk MFEQEF N

E F GON/BAD Bedivds Mdeo@etdatio? NABR 00O AT10

HIBWBRPLES JFHOL&F TQBUIBMMZ TQMJIOUFSI

($3.§g§%thbJQEl{,l6|SFHVMBUJP0 PG NBSJOF

Babpment and C) 00 6 0000060

FNQUBLPPE P © H/ '"PMLF $  /ZT
5NBLﬁﬂ'l’BOi$B@CESﬂ@@m®a§u®|éf$@WFSﬁMG DSJT.
BT+XFMM BT QPMJIJDZ NBLJOH MFWFMT

#FSH ) %“INBO $ 5SPFOH 4 -JOETO 0
SPONFOUBM FDPOPNJDT PG DPSBM SFFG EF
Ambio A0 0600606

#/BUUBDIBSZB " ABSNBBDU £#G RWESFYQMF
BUJWNBOFP Y RIEMPEBMoBBESIBNUSS®DPBTU P
o dePVUI "TIB UIF




#SPXO # & %VOOF 3 1 0g++ iR
QBDUT PG DPSBM NJOJOH P @ubdSB
mental Conservation 80 i 0080000

$FTBS ) 4BMFFN 8BIFFE 8J
Assessing the impacts of the 1998 coral bleaching on tourism in the

F FIGW J SCOMF ORVBIVS ONFOUBM 1B Qe PO $MJ
M S Ekahgeboot O 421k U IBEM B NSF HPSD DI QVC TZSFO
*6%$/ 1SPKFDU DPNQMFL

A 1 i¥omorrow for our coral reefs

MIFMMNEDPPRSY Y% CNIJUUFE UP $03%*0

*6$/ A1 idtomorrow for our reefs, Phase2 1SPKFDU DPNQM

Maldives and Sri Lanka Y OQVCMJITIFE 3FQPBSU QP B EFEFKFAS TVCNIJUUFE UP $03%*0 hF
UIF $03%*0 1SPHSBN 4UPDLIPMN 4XFEF®IPO *6$/ 4SJ -BOLB 0 DF
$IBOESBNPIBO 1 "OBOE / /IBZBL +8NET 4240# 3 8pp6 I&OEBOHFSFE WV

i4IPSFMJOF EZOBNJDT PG Uddun-BLT
Journal of Marine Sciences ifi 0 @+0f10

$POOFMM + BITWWHOBODF BOE SFDH
CM B EkiReefs 86 616 600

%BXTPO 4IFQIFSE 3 8BS XJDL 3
#SPXO # & 0ggi i"O BOBMZTJT
UP DPSBM NJOJO Hndi@nibhz! Bidddy &f I W F
Fishes 00 00000=+1T

%FFQBL 4BNVFM 7 1BUUFSTPO +
ATiA iI%FTUSVDUJWF mTIJOH JO SH
DP SJO D P B PldBdikgkfBNuBoRahSeminar on
Marine and Coastal Ecosystems: Coral and Mangrove. Problems

BEXEF&F* mMMBIEF®E BOINBMT R&EBUFOFE m
ings of the National Seminar on Endangered Fishes of India, 26

WF G475 DBORMBIPOMFSWBUPST .V[B BSO|
+BZBTISFF # "SVOBDIBMBN 4  #iii i.B

. S WMB SOEIBNSBience 68 0 00000NT
PG BdbBENNVOJNESEHNRALTFT 4VOEBSBNB
Tw BLSJTIOBO 3BKFF . iifTd i4PDJP FI
DPSBM SFFG SFTPVSDF VTFST PG 1BNCB
1BUBGSTRAHNE SBTaohi » 6100876
FGVRAB BP HSPWABREDOBT PG Y ihF DPOTI
DPSBM SFFGT PG "OEBNBO BOE /JDPCBS
4PVUFS % 8JMIFMNTTPO (lRefOCVSB

0

7

zmdManagemfm Strategies 4%3.* 3FTFBSI 1VCMJD Wg?%gaganliﬁtbe Indian Ocean. Status Report 2002 07100000
i +0010 ,VNBSBHVSV " , +BZBLVNBS |, 3BNBLS
%FWBSBK 7IJWFLBOB®EBODBRQUYBEFARi{jd i$PSBM CMFBDIJOH fiiii JO UIF 1BMI

MTIFSJFT PG *OEJB S$IBMMEDHFT B
Science 660 0 000000ANf
%IBSNBSFUOBN , J SV Qid BsBusionl
in the east coast of Sri Lanka 6O QVCMJITIFE 3FQ
UP $03%*0 4PVUI "TJB
"M FXXFMM J Ofidberiks maniagtindnt and MSC in South
Asia: Comparative analysis 'JFME 3FQPSU $ 8 &
/IPSXBZ (PWFSONFOU $P PQFSBUJW
(VINBO ) 0g@gd iIBFTUPSBUJPO P
$ P T U B Mo@sdaBmBiology 6 fi 0+20000
)JOSJIDITFO CRbstal Werdssafthe World *TMBOE 1
*4#] O 66906 0+ 6 ABO Q
JPFHI (VMECFSH 0 0o iI$SMINBUR
BOE UIF GVUVSF PG UMgrik n@MNeds- T D

J

water Research 01 + +0080+00

JPPO 7 fiiTTo i" DBTF TUVEZ GSPN -
IBN & S$BNQCFMM +  PhHRy)@/RMEF Z
Volume 2 Case Studies 'PS %'*% *.. BOE *0$ 6

CZ 6/&4%$0 1BSJT 8+6
)VHIFT 5 1 #BJSE )

iAo
#FMMXPPE

4 3 'PMLF $ (SPTCFSH 3 )PFH
+ # $ ,MFZQBT + -PVHI + N
1IBMVNCJ 4 3 1BOEPMmM + 3P
AiTo iI$SMINBUF DIBOHF IVNBO JNQ

TFO "#1B BPYHHHBSEFO

OE PQQORGHNHARANIEIWSA 50+6008000
-F 5JTTJFS % " )IMMT + .D(SFHPS
A6 i" USBJOJOH GSBNFXPSL GPS VOEF
P S UUTKF O BUrWiphw irpgdm: 0/ 660+ +
-PZB dppi i$IBOHFT JO B 3FE 4FB DPSI|
UVSF " MPOH UFSN DBTF IJTUPSZ TUVEZ
O "EOethe Earth in transition: Patterns and processes of biotic im-
F1SEHABRBMNEBNCSIEHF 08800+6
G DYSBMSHFGIMEA86ImMD 8BMUFST $ &«
SFTPVSDF FYQMPJUBUJPO BOE DPOTFS\
SFTTITUBSZWAST 86008
.D$SMBIBO 5 3 fiiii i#MFBDIJOH EBNBHF |
DIBYrGU JBG PY CEWFdRdA IRk iob &M SFFGTw
PSBYi SFF&Id0 06006
.FFOBLVNBSJ # Aiii i1SPCMFNT BOE QS
BLTIB §39F%15¢@;&y of DEhatBred Shlhdrrharine and coastal
1 eck5yBehis: Coral and mangrove. Problems and management
&4 $Dtegies. 4%3.* 3BFTFBSDI 1VCMJIDBUJPO /P
.3% 11 8ocio-economic assessment and monitoring of coral reef
% Bresount B Guavn arolSRDAPL MMEQBSFE CZ .BSJOF
| (VMEGESR 0J03BOEZPAG 'JTIFSIFT "HSJIDV
BSTIBMMS DIF T/ EPSSUMNP CBM $PSBM 3FFG .POJL

+
BDUT BOE UIF SFTIMJFODF PG

2

C

DP S B MScBreF&GOTw gii@gog 00

0@



.WMFzZ & 7 7FOLBUBSBNBO , "MG S
4 ATTA 14UBUVT PG DPl&BMoSH
the 9" International Coral Reef Symposium, Bali, Indonesia,

2000 +600+0g

IBTFFS " 0g@d iI1SPmMF BOE TUBU
BQQSPBDIFT UP JUT NBOBHFNF®UW
ings of the Regional Workshop on the Conservation and Sustain-
able Management of Coral Rees 1SPDFFEJOHT /P
.BESBT

/ZTUSUN 'PMLHQ@BUJIBMOSFTIMJIH
S F FEogswms 6 6 06160060806

OCVSB % 0 AiTéd i$BO EJ FSFOUJB
BNPOH DPSBM TQFDJFT P FS VTFG
NBOBHFNFOU PG S Bk of\MarkndSSenieU S
6 A OA0006ON

%INBO $ 3BKBTVSJZB )V NBIE 1 (
EJTUVSCBODFT PO DPS&BiMiASiF G © ol

OMTFO 4 $ISITUJIF 1 ATIT i8IBU
USPQJDBM DPBTUBM N B@:HFabdfe-O U
ment A+ 600+

1BUUFSTPO + hF ®PSBNMASFFGT PG U
PG UIF (VMG PG .BOOBS 4PVUI &BT
4PVUFS % 8JMIFMNTTPO % CoddC
Reef Degradation in the Indian Ocean. Status Report, 2002 88 6 0

1BUUFSTPO + 1BUUFSTPO + 7F
MBSBN $ 8J M| F M NATdl B fdde Btony ATT
corals (Scleractina) of Tuticorin in Gulf of Mannar 4 % . 3 *
4QFDJBM 3FTFBSDI 1VCMJDBUJPO

1IFOJOTJ & fiTié i4PVUI "TJB 5TVORB
QBDU PO DPSBM SFBdzite XBOT d3 01 B @

1FSFSB $ B8JMIFMNTTPO % 3FFBKEB
FSJFT BOE DPSBM SFFG EFHSBEBU
4PVUFS % 8JMIFMNTTPO (¥l ReefOC
Degradation in the Indian Ocean. Status Report 2002

1FSFSB / A kzrnatiid livdihoods through income
diversification: An option for sustainable coral reef and associated

ecosystem management in Sri Lanka
&OWISPONFOU 1SPHSBNNF 4"$&1
UJPO JO UIF *OEJBO ODFBO $03%*
1FU 4PFEF 8BGBS 7 7FOLBU
8IMIFMNTTPO % AT

OCVSB %
2000 02000
1JMMBJ $ 43%$PSBMwBEFGT PG *OEJB
BOE NBOBHFNFOUw *O .FOPO /
F EMarine Biodiversity, Conservation and Management

-JOEIO QORDEESKitus Rejicii

(

i i

062004

4PVUI "TJB $P ¥

ihF 4UBUYV
*OEJB GPMMPXJOH UIF CNOF BB MWHS

FESBNBO#AL 48BGB/BOEJ / $ dAiidi "O BQQSBJTB
FGTMIGV FOMBJBRE UP DBQUVSF mTIFSZ B FDUJOH
FDPTZTUFNT Bdeeddldg#fti@Natohdl Seminar
on Marine and Coastal Ecosystems: Coral and Mangrove. Prob-
VT Refos dodMNGBuddines:Sirafegits JO%. B.MBFWFB S ELVCMJIDBU
*O/P)PPO 7 0000
1SFNFSBUOF " itio i$BTF TUVEZ PO FWBMV
$BUSBUWFHIFT VTFE GPS DPBTUBM SFTPVSDFT
MBS SFGFSFODF UP FYQFSJFODFT JO DPOUS
O D F PG UBRG BeMf the 2" International Tropical Marine
Ecosystems Management Symposium, Manila, 2003 JO QSFQ
M ZBI[BBID K OH B8Ed & BiSIUBIWITWAL O Bk JUT QSPUF
M Il D @ ddrFSBdies P& BAAdOIOTNFOU BOE
FBBKWBTVSJZB %F 4JMWB 8 3 / “INBO
i$PSBM 3FFGT PG 4SJ -BOLB )VNBO %JTUVS
D 0 NBOWO*AAMbFTAv 6fi+00600
Ci8BKBB®WEB®WB " .BOJLV ) 4VCSBNBOJBO
BSF+XF B&FBSOIGHWBPNPG UIF QSPHSFTT JO JN
FYQESBNGDETBRUJPOT GPS UIF DPOTFSWBUJPO
NFOU PG DPSBM SFFG FDR#ZFYFNT JO 4PVU
| F 5YhldrddDdAdb Bopich M Bifke\Beosystems Management Sympo-
U * O JBWEMSYD SPOETWHIMMF /PWFNCFS dgg+
VSBBKRBTVESHZB HAiiAIBOJLY ) 4VCSBNBOJBO #
50+ O0gw@ iISPSBM 3FFG 4ZTUFNT JO 4PVUI "TJBv
DLBUYRPISSP OBU VF XOBHENO iy 1999 80RO
b 3BKBTVSJZB ,BSVOBSBUIOB $
PG UIF DPSBM SFFGT PG 4SJ -BOLBw

ATTT 1P
*O 4P\

P 6-JOEIO O F EORDI(RSkisiss Report 2000 66000
NBBKBXNVSGY B UTV@BRJIBUBUVT SFQPSU PO UIF
PNJBCGWUBUT JO 4SJ -BOLB Aiidiw *O -JOEIO 0
TVS3ABIIFMNAMROI % O0CV SBrl/Beef FET ATTn

J P O Dk@ddeonlin 1k DAidd Qcear. Ctatis RYde: k2. 0 308 6 +

VSEBKBTVBEEZB " ;BIJS ) 7FOLBUBSBNBO , *
o] 5BNFMBOEFS + fiTié6 i4UBUVT PG DPSBM S
#BOHMBEFTI $IBHPT *OEJB .BMEJWFT BOE

8 JIM L JOT P OStaths of ChrdE Recfs of the World: 2004

PQFSBO0DWBMJIBO *OTUJUVUF PG .BSJOF 4DJFODF

BGBNPSBB\VOBEBG ¥%FHSBEB iSSBEJUJPOBM GPPE

D @B8MUVSF &YBNQMF HsilaiNoARNUI "TIBwW

B S BMiB & Nytritica B¥OB® Bo®Hodo6+

T PEENBIOFVEBSBM SFFAGEBBEBRIYEXZ PGEIDPBTUBM U !

FWFEORSERB WG wBU 5VUIJDPSJO BT B SFTVMU PG
OBUVSBM CSFBLXBUFST PG #ZB®@»*TMBOE (VN
ment Geology 60 6 06f6006M0

UBFBST B OT FSWIBPINJFPSBODF 3 hPNBT 1 0
IOMNMBDIJOHMBOE HMPCBM DMJIJNBUF DIBOHF
QPMJIDZ SFDP NhieroBRLDEH BDWO 0067710

n

$FOUSBM .BSJOF 'JTIFSJFT 3FTFBS

DI *O0®&UIUVUF $PDIJO 08606000



3JTL + AMVLBF3.BMEIWEKFT
"UPMMTw *O .D$MBOBIBO 5 3
% 0 EdzallReefs of the Indian Ocean; their ecology and
conservation OfO 0068

3PXBO 3 iii6 iI$PSBM CMFBDIJOH
DPSBM TZW#rd BOWU Tow fi

4BNBSBLPPO + fAiio

OB
41

i*TTVEFT PG MJ

NFOU BOE HPWFSOBOD# 08B P G GtF-ddidBIPHSBNNF

ABLUIJWFM 0ogg i4USBUFHZ UP
MTIFSZ QSPEYV DUieAsSSdcN 6*® B J B&vi 6 0

4FO ( 0006 iI$SFBUJOH DPNNPO HSE
UBMJTUT BOE XPNFO hJOLJOIHsMP L
i6 & 0606066

4IBLFFM ) "INFE ) 006 I&YQMIE

(SPVQFS BOE PUIFS GPPE m Phkeciw
ings of the Regional Workshop on the Conservation and Sustain-
able Management of Coral Rees 1SPDFFEJOHT /P
.BESBT

41BOUIJOJ $ 1BUUFSTPO + 1BU
i" DBTF TUVEZ GSPN 7TFMMBQBUUJ 71
4PVUIFBTU DPBTU PG *OEJB o0 3FFG
Proceedings of the National Seminar on Marine and Coastal
Ecosystems: Coral and Mangrove. Problems and Management

Strategies 4% 3.* 3FTFBSI 1VCMJDBUJPO
4JOHI " "OESFXT ) 7 AiTo i" DB
"OEBNBO *TMBOEw *O 8lJUUJOHIB

5P X O T M F Z Poterty akdRekfs: Volume 2 Case Studies
%'*% *.. BOE *0% 6/&4%0 006000+0

4NJUI + JVHIFT 5 d0goo i"O FYQ
TVSWIJWBM SFBUUBDINFOU BOE GH
J. Exp. Mar. Biol. Ecol. 06 066006066

4QVSHFPO + hF(FDBO®®#MWNJIJD WBMVBU
Marine Pollution Bulletin i6 00 0fi@0b600

4UPOF JVQQFSU " 3BKBHPQBMB
0goo i.BTT DPSBM SFFG CMFBDIJ(
JODSFBTFE &M Edlsgly L&da LRI VO H O 8 oW |

4VOEBSNPPSUIZ 5 #BESJOBUI 1 4
iSPOTFSWBUJPO TUSBUFHZ GPS "O
F D P T Z TPdckellnks\wf the National Seminar on New
Frontiers in Marine Bioscience Research, National Institute of
Ocean Technology Chennai, 2223 Jan., 2004

5%$1 5VSUMF $POTFSWBditd RiMpleti RerE D
on CORDIO funded TCP Programs in Rekawa, Southern Sri
Lanka 3FQPSU QSFQBSFE GPS UIF $0
CFS fiié

5PSFMM & ATiT i"EBQUBUJPO BOE |
NFOU hF FYQFSJFODF PG m\Woksta B T|

JJPWOSPES + 3 7TPVTEFO % ,MBVT 3
FQQBSE/FOLBWBSBABWSB 3BKBO 1 5
A\ 11 &eport of Phase 1: Remote Sensing and Rapid Site Assess-
ment Survey, April 2001. Coral reef systems of the Andaman
hF SBEM BEBRIBNEBOO PG SGEGB BOE 60JUFE

NFOU 1SPHSBNNF (MPCBM &OWJSPONFO
W &N PP Bfert Tidd:d OBCCINUFF E FBUFIMPROQ & OW JSH
*A#] gh +10 666 0 00T Q
J O SFB'T M 1H¥ Qi Fibk s thildkenBdrE 6 O JU F E
o /BUIJPOT $IJMESFO 'VOE 6/*$&' )PVTF
SPVQOQESCFWBXIBEOSFOWAISRONFO
B BIBUZB 8 D.U JO H $REBIBMBIAEWD P SBM SFFGT P
Indian Acad. Sci. (Anim. Sci/Plant Sci) 4NV QQM 820060
PJ@BGBBO.PG SFFGeIRTRYSBWVTISGEQ®P S *0OE
*O MRPHRCE SP O W GGRDI® Satus Report 1999 HiGORO
8FFSBLPEZ 1 fitié6 i#MBTU mTIJOH PO 3V
PRUFBSMWIFX PG UIF QSPCMFN GPDVTJOH F
1FSFSB / Hkzrnatiid livdihoods through income
U F SILBstca&idn: ABofdan for sustainabléicoidhreef and associated
N T | Je@steMVndabhddBriril SIP Kanks/ MB8 VARG "BOB BB PQFSB
m T BFCBWB T lBNEF DRIDI S PHISBOINNIDITH#&1 BOE $
UJPO JO UIF *OEJBO ODFBO $03%*0 gg
7FOLBUBSBNBO AiiA i4UBUVT TVSWFZ
/P BPSBM SFFGT GPMMPXJOH UIF dgg+ CMF
TF TWMEYT GEERPIN SHPTVRBEA s Bf DB Hiktehok O U w
N &ionab @il Qe SyMpddhumstBali, Indonesia, 2000 +06060+0 @
7FOLBUBSBNBO Aiié iISPOTFSWBUJPO |
DPSBM SFFG FDPTZTUFNT PG "OEBNBO B
F S J NKFFG @ BM R B ) kgsTofubd NADddalBefbinar on New
D V Orimdidd Zo MdcndBios&eBedMResenhBNA Ak Kricdihused of
Ocean Technology, Chennai, 22—23 Jan 2004
JP&FPG DPSBM SBEMST® 7 ifio iISFTJTUBOD
DPSBM CMFBDIJOH *NQMJDBUJPOT GPS
O #N B0 B HFQuksvldivnr-Bobby 86 6 06060000
H8F TSHDETDRUPVUDPYHA PSS ) 1FU 4PFEF
PG UIF 4PDJP FDPOPNJD JNQBDUT PG UII

4BU
4V C

]

fi A

,VIIOBSG I~ *OEJBTOWO0ODFBO " TVNNBSZw *O 4
EBNBOJB 8B/ JD P CBBDRDMIRA@.EREort 2000
06000006w@
BFTUNBDPUU 4 3JKTCFSNBO ATIT 1%

BOBMZTJT PG DPSBM SFFG NBOBHFNFOU
AiP& UIF 3BFQVCMJD PG .BMEJWFTw *O )V(
Integrated Coastal Zone Management of Coral Reefs: Decision
3 % * GpAoB RAkGN ) MFQBFD 7" 64" 8PSME #BOL
0 DF PG UIF 1VCMJTIFS
MFBISOFOH 5O MPHBTYBM NBOSBMF5 AT 11N
U "GFIBO VBRI RUSWBETOWhF FDPOPNJD MPT

5]

Management i+ 00600000

U J PMDasne Pollution Bulletin 61 0 62+0070



8IJUUJOHIBN & $BNQCFMM PovertyanbP XOBMFE )1 fHEAB i4UBUVT PG UFFODPSBM SFFG |
Rees %'*% *.. BOE *0% 6/&4%0 fo0fA Q -JOEIO 0 4PVUFS % B8JMIFMNTTPO % (
8IMIFMNTTPO % )BQVUIBOUSI 4 4 |, CIBRB DN &aidBn the Indian Qckatd Qatus Report 2002
BHF 4 AiiA i.POJUPSJOH UIF USFOET ®&Ho8BESIOF PSOBNFOUBM
mTl| DPMMFDUJPO JO 4SJ -BOLBw *O ;BIOEIQ OATUWPROVUFISTREFTIOH CIJPFSPTJPO BOE
8JMIFMNTTPO % 00BrM Bekf Debfmdatio E T TUSVDUVSF GPMMPXJOH B CMEBDIJOH FWFO
in the Indian Ocean. Status Report 2002 80 +000 0 -JOEIO 0 4PVUFS % 8JMIFMNITPO % (
8IJMIFMNTTPO % ATTA iI$PSBM SFFG EF &aBReBkirddiion 5:@he bbixh DdeahrTStBReport 2002
*O -JOEIO 0 4PVUFS % 8JMIFMNTTROO&DO+ OCVSB %
F E Qoral Reef Degradation in the Indian Ocean. Status Report ;BIJS ) $MBSL 4 "KMB 3 4BMFFN . AT
2002 200070 UFNQPSBM QBUUFSOT PG DPSBM SFDSVJUNF
8JMLJOTPO $ -JOEIO 0O $FTBS ) |)PEBWFBD(JOHWEWEDU+JO UIF .BMEJWFTw *O -.
4USPOH " & 0pgoo iI&DPMPHJDBM BGEMHAFMNWYFDP® PW JD 08N Bl Deffundatiok E T
QBDUT PG 0gg+ DPSBM NPSUBMJIUZ JO iibFn#iantOden St ddoRe far2 002" OO0 & 6@ 0 6
JNQBDU BOE B XBSOJOHbi# B-GCOVUYSHFoDIBOHF w
;B1JS ) iiii i4UBUVT PG UIF DPSBM SFFGT PG .BMEJWFT BGUFS UIF
CMFBDIJOH FWFOU JO 6gg+w *O 4PVUFS % O0CVSB %
-JOEIO 0 F EORDI(Skifiss Report 2000 6600 ¢




The Status of Cora
in Sri Lanka in the
of the 1998 Coral Bleaching

"3+"/ 3"+"463*:"
/IBUJPOBM "RVBUJD 3FTPVSDFT

key words:

ABSTRACT

$PSBM SFFGT XFSF NPOJUPSFE JO 4
TJODF UIF CMFBDIJOH FWFOU JO o6g
UTVOBNJ JO fAii6 3FFG SFDPWFSZ B
QBUDI SFFGT JO UIF #BS 3FAfporB SJI(
cytherea B @dcllopora damicornis IBWF TIPXO SBQJ
UTVOBNJ EBNBHF UP DPSBM SFFGT
XBT TFFO CPUI JO UIF TPVUI BOE JO
BU UXP MPDBUJPOT JO UIF FBTU DP
JO B OVNCFS PG SFFG TJUFT B FDUFRFE
OP EBNBHF UP UIF DPSBMT JO UIF #B
UIF 1JHFPO *TMBOET /BUJPOBM 1BSL
EJWFSTJUZ PG CVUUFSNZ mAcp$BT 1JH
DPSBMT EPNJOBUFE UIF IBCJUBU
FYQMPJUBUJPO VTF PG EFTUSVDUJ
NBOBHFNFOU DPOUJOVF UP EFHSBE

INTRODUCTION

' QSPHSFTTIJWF EFDMJOF JO Si
CFFO PCTFSWFE BOE SFQPSUF
1SJPS UP 6gg+ UIF EFDMJOF JC
QSIJNBSJMZ UP IVNBO BDUJWJU
PG UIPSOT TUBSmMTI JOGFTUBU
0g+06C 3BKBTVSJzZB 8IJUF 09
JOEVDFE DPSBM CMFBDIJOH F
BOE SFDPWFSZ IBT CFFO MPX

| Reefs
Aftermath
Event and the 2004 Tsunami

3FTFBSDI BOE %FWFMPQNFOU "HFOD?Z

SFFG SFDPWFSZ UTV@bBMNd JNBBMMIVCREBRMNIXOMJUFSNZ mTI

Aiii .BOZ SFFGT B FDUFE CZ UIF &
S Jl BRAOK BVIOPEB1STHE P © B | FIB OFbFPWRSY U I F
o+ DBFONENM D EBUBAF MBYUTFO SRWIPVTMZ E
GCUFBSQPMBDFETH2Z X EMPEBQU 3BKBNVSJIZB
FIBPOPYSPSKE SISPN FMEHXIEBEBI®H CZPHQ S
E HAPXHIiMF 3BZNVOEP .BZQB iiiifi
KBTW@PJ%%W—Z M'ﬁE?K%?B’ﬁ*@sBEEOUJEBF

OO E O 1 WE LSRG anen
*é ﬁeﬁ?ﬁ&@%&e@&%&%wgig

ng BEVHReDDE BOR Y PHHWES BOE GBN.
HBBIE BMPIFIMbZ,BE TPDIBUFE XJUI UIF

" D ANEQ & B U Pro BB SBMM IR S PYDOF CVUUFS

w i BSTEI O R S1B M iR VBIDE MEDMM G (BM[JO
F SRHAPOVIDI® @S D oB-®@.BAVTT "MDBMB 0g+

DBSSJFE PVU JO 4SJ -BOLB TIPXFE E

UXFFO DPSBMMJIWPSPVT CVUUFSNnZ 1

“INBQ/ 0@e+ " NBSLFE SFEVDUJP
-rFEBODPE ERG JPWU UG S5 mBOIPRD IBPSBM
E SRHQUPSQUREFCK BBKBTEBEDBEMBOE ,BS
D YHF GO PO BPESEMN XBFBEEDUUSBCVWFE U
J FTID B$EB NERMFUB R JPRCP B G PG XD P W F
JPOFSPOFBWIFMWBF O3 QP SBEID®BBUUF N
g 0B O EOS&Fd &V SDIF RYWMQMRPUBUJIJPO IPX!
W HGO D CBROTOF MVFS BJWPFE BUDIL TP & AECPNOIUDIFO V
BEDEE WEBEBEGMBUB BKBPYSDABI UP JN|




%% '
TR
&&
&& !

O
s M

&& %

$ & %% %

o 1 &'t

* Bpg_gH

Figure 1. Map of Sri Lanka showing the reef sites sur-
veyed and the level of impact from the tsunami
on 26 December, 2004.
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Figure 2. Comparison of the cover of the most abundant
substrate types recorded on a shallow reef flat
in Bar Reef Marine Sanctuary between 2003
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Figure 3. Comparison of the cover of the most abundant
substrate types recorded pre and post tsunami
at Hikkaduwa National Park.
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Figure 4. Comparison of the cover of the most abundant
substrate types recorded pre and post tsunami
at Kapparatota, Weligama.
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Figure 6. The cover of the most abundant substrate
types recorded on the shallow coral reef habi-

tat at Talawila.
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Figure 7. The cover of the most abundant substrate
types recorded at Dutch Bay, Trincomalee.
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Figure 8. Comparison of the cover of the most abundant
substrate types recorded at Pigeon Island Na-
tional Park, Nilaveli pre and post tsunami.
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Figure 9. Comparison of the cover of the most abundant
substrate types recorded at Coral Island,
Nilaveli pre and post tsunami.
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Figure 10. Extreme tsunami damage to corals was seen at Kirankulam, eastern Sri Lanka where large Porites domes

have been deposited on land up to a distance of

CSBODIJOH BAYdork) BQWOMBYF- UIF

UIF GSJOHJOH SFFG UIFSF XBIB

IBE MPBSHEPNFT 3B#&BTNSAZB" T

about 150m from the shoreline. Photo: ARJAN RAJASURIYA.
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CORAL BLEACHING

-PX UP NFEJVN MFWFM DPSBM
SFFGT XBT PCTFSWFE BU NBOZ
A6 hF NBJO TJUFT XFSF #BS

#BZ 1JHFPO *TMBOE $PSBM *T
EJ BOE ,BMNVOBJ hF UFNQFSB
EVSJOH MBUF .BSDI VOUJM .BZ
BOE o0fij $ " UFNQFSBUVSF HBV
HSBQIJD %JWJTJPO PG UIF /BU
TFBSDI BOE %YFWFMPQNFOU "H
OFBS )BNCBOUPUB IBE SFDPSE
NJE .BSDI Aii6 hF MFWFM PG C
FS UIBO OPSNBM UP UPUBM PS
PG UIPTF TQFDJFT B FDUFE XJ
CMFBDIFE 'PS FYBNQMF PO $
P &ropora XFSF QBMFS UIBO OPSN
Favites chinensis B 'bdita B QQFBSFE U
TVTIDFQUJCMF BOE XFSF UPUBI
UIFSF XBT M JAdktdpbid TIQN@ BXOIU MPEO (
via, Favites, Platygyra, Leptoria, Goniastrea B Qolgtes

TFFNFE NPSF TVTDFQUJCMF UP

YPXFWFS B TVSWFZ PO fifi +VOF fiii6 S
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MP P 8 B NIH OJTO GYBRINJ JDBMPBPBBE TVSSPVO
BFBGPYIL BB BV E TFBUDMSGBDF UFNQFSB
MBEBHE BIWPWOBDOWEB ,BUUBOLV
UVSF SFDPSEFE BU UIFTF TJUFT
iTT6 XBT CFUXFFO 01 $
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UURFB HQWIFIOFBPRB DIBSEEHREPWUIET XFS
> SBWMMUT WBBD TFBWFSBRM EYBDFETBU 6 T
BMUBKCMFFATPNF GBWJJET
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SBMUWETIBSE DPSBM DPWFS hJT XBT GPNM
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Table 1.

Level of bleaching exhibited by different species of hard corals in March and April 2005

Affected species Level of bleaching

Favia pallida Partial bleaching (mainly o
Favia favus Partial bleaching (mainly o
Favites abdita Partial to total bleaching

Favites chinensis Partial to total bleaching

Platygyra daedalea Partial bleaching (mainly o
Leptoria phrygia Partial bleaching (mainly o
Hydnophora microconos Partial bleaching (mainly o
Goniastrea retiformis Partial to total bleaching
Symphyllia radians Partial bleaching
Pocillopora damicornis Partial to total bleaching
Partially bleached

Partial and total. Only few

Pocillopora eydouxi
Acropora muricata

Montipora foliosa Edges of whorls bleached
Montipora sp. (encrusting)

Porites sp.

Pale and bleached colonies
Partial bleaching of large colonies. Total bleaching of some small colonies

n upper surfaces of colonies)
n upper surfaces of colonies)

n upper surfaces of colonies)
n upper surfaces of colonies)

n upper surfaces of colonies)

small colonies affected
on some colonies




Table 2. Butterfly fish species recorded within belt transects

Butterfly Fish Species Bar Talawila Hikkaduwa Kapparatota Coral Pigeon Dutch
Island Island Bay

Chaetodon auriga - - 8 8 8 8 8
Chaetodon citrinellus - - 8 - 8 - -
Chaetodon collare 8 8 8 - - - -
Chaetodon decussatus - 8 8 8 8 - 8
Chaetodon falcula - - - - - 8 -
Chaetodon guttatissimus - - - - - 8 8
Chaetodon lunula - 8 8 - - - -
Chaetodon melannotus 8 - - - 8 8 -
Chaetodon meyeri - - - - 8 8 8
Chaetodon octofasciatus - 8 - - - - -
Chaetodon plebeius 8 = = = 8 8 8
Chaetodon trifascialis 8 - - - 8 8 8
Chaetodon trifasciatus 8 8 - 8 8 8 8
Chaetodon vagabundus - - 8 8 8 8 8
Heniochus pleurotaenia = 8 = = = = =

<

H

w

a "

> na

< —m— <+ELOIIiAyPEWA ..

o —— ®A>-"UcAcOAELOIIiIAyPE

-

o —m— >AEVeA>-EVeUiAE-"®

8 .

w E&

>

A

0

-

AN

(2_|_| { a_

AN

<l

@

< i

=)

g

& 04

& -\ ; = ; . . . \
E >AE,ikv I>e>0"e>E" 272> OU>E >S««>A>leli>E eA>E Ae>""E *"}ice"E Ae>""E OiV...E >p

Figure 11. Hard coral cover, average number of butterfly fish and corallivorous butterfly fish recorded at each site.
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Figure 12. Corallivorous butterfly fish were abundant at Pigeon Island National Park, eastern Sri Lanka.
Photo: ARJAN RAJASURIYA.

0G UIF 06 TQFDJFT PG CVUU
0 Chaetodon melannotus, C. meyeri, C. octofasciatus, C.
plebeius, C. trifascialis B QEtrifasciatus B SF D P Q
PCMJHBUF DPSBMMJWPSFT XIJ
B WBSJFUZ PG JOWFSUFCSBUF
"MMFO 0g+6 )BSNFMJO 7JWJ
BCVOEBODF PG CVUUFSNnZ mTI
BOE $PSBM *TMBOE JO "QSJM

NFOU QVMTF PG 6 PCMJ&Rdbn O
trifasciatus C. trifascialis, C. meyeri and C. plebeius P
XI1IDI UIF NPTU BGONAYmB@ddiakhB
MmMHVSF 6i hF BWFSBHF OVNCH
BU 1JHFPO *TMBOE BOE $PSBM
UIWFMZ

FRISCUSHIGN SFDPSEFE POMZ

5TVOBNJ EBNBHF UP DPSBM SFFGT WE
THEBNSHHEF JO UIF OPSUIXFTU UP FYUSFNF
MOWPONMF JOUURB BBTQFDUFXBG FFREJEGOU U
T QOIFMYEZ OPHS TWIN FSBAG) BMIB O |6 PIFBCTF |
FOV S&&P\WO EhTH IBSFBTIBT EJSFDUFE UIF
SE PP B EE EBWN B BIF FPRO S'TAMBIOXBT QBUDI :
fi 153 FX@ Th E \WP TUWP FBY BFOBMIYB EBNBHF XBT1
P X BAVBNWF J &/ & B IF J MFA/B:.B5B B 0 E GPIBI®DT R O H
G Acropora  XFSF FYQPTFE UP UIF PQFO TFB
T #BZ BU 5SJODPNBMFF XIFSF BCPVU POF
SXIQBEDPMUIEVBMT QFS fidi N
*TMBOHESBELY M BN HG ISFEFRFBIDBMPB %

EPNFT IBWF CFFO EVNQFE PO UIF GPS




Human Impacts

%FTUSVDUJWF mTIJOH NFUIPETTPBWFPID DS BMETBOT BFOFOWI IFST T
UIJNFT #MBTU mTIJOH UBSHFUJBGBVSFFG BGE SEHG/BYNEE $SB WKHED |
TQFDJFT JT XJEFTQSFBE JO 4SBMBOBGBEZ POOAWFEIOW XUBEJO3BKBTYV
NBSJOF QSPUFDUFE BSFBT FTQFODIBBWMED TIIRPMMEDMBOE YBJOH U
UJPOBM 1BSL FBTU #BS 3FFG BSBOF EBBMIVBEZ0 OFBXBITVSIZB F
XFTU BOE 3VNBTTBMB 4BODUVB)ISZDBRNVBITFWESFFEBIWBHF UP TIBMN
PUIFS CBOOFE mTIJOH NFUIPEDIJBYMX DTPEUGSFRMUZI BRRE JO UIF FB
UIPVHI UIF VTF PG QVSTF TFJOFDONST VP 0B 6 GHFN BJOQJIHDA CSBODI
DPBTUBM XBUFST JU JT DBSSJREJPVEB IO INGPIBEBORFGP. 8 SFIRSVJIUI
4BODUVBSZ #3.4 BOE JT DBVTAAHNTFWFBF EFFRQMMBUUPE JOGU IJT TU\
mTl TUPDLT &OUJSF TDIPPMT P&P$BRBQWQPSIOH-VOKBGJEFB IBT OPL
FNQFSPST -FUISJOJET BOE KBEGQUFS$SBHBOHUDEABBEF7BB3SPVT GPS!
HFUFE IPXFWFS NBOZ PUIFS TUBODETBMVMEH BFVLFHFPEOUJOVF U
mTl "DBOUIVSJEBF BSF BMTP XBWHITSFIVMIWPIOQIFOI T¥SH3F SFME
PWFSmTIJOH BOE EFTUSPZJOH UIJBKISFNVRJ®BH TJUPIBEVXG BIFE 1JHF
BSFB 3FDFOUMZ UIF .JOJTUSZURFOBINEFSCNTU BEOE UPvBBDD. PG NBO
BFTPVSDFT BQQSFIFOEFE TPNFDRGBINF UM NPHBN UBTIFBETMIFOMFWFM

.

UIF #3.4 BOE UIF TVSSPVOEJOH BSFB hJT SFTVMUFE JO

UlIBU UIF GPSDF PG UIF UTVOBN
FOU QPJOUT BMPOH UIF DPBTU
UP MIJWF DPSBMT BU NBOZ MPD
5BOHBMMF ,VEBXFMMB 1PMIF(
uPuB 8FMJHBNB CZ NPWJOH MB
BOE EFBE DPSBM CMPDLT SFTV
FWFOU hF OFBSTIPSF SFFG BU
EBNBHFE BOE JUT SFFG MBHPH
XJul bPSBM SVCCMF "U 3FLBX
OBNJ IBE TIJGUFE BOE CSPLF(
CMPDLT EBNBHFE CZ JOUFOTF

hF UTVOBNJ IBT OPU EBNBHFE
TBMB 4BODUVBSZ JO (BMMF #B
IFBEMBOE OWFSBMM DPSBM T
IBE TVTUBJOFE NPSF EBNBHF

HPPOT hF UTVOBNJ IBE DBVTF
SFFG TUSVDUVSFT XIFSF UIF V

J QBTFE HIG E MBS CEEGWEB B ERSBM T F
BPMIRDBBP DBV TBEEEEBRBBM SVCCNV
B QPO E TGRSON BV MZ[FO BGE AP \BUT BW
BBOEBX BUYRIDBOE |B@QBEBVTFE FYU
S B P SBMPAH: QAJidor R GB DIBSB MG CBVOFE
MUPOHPG S PNBU TR WFe B FCVBAVBTD | JD'H F M E
SIBOCHTBASN E) A B EB S F F\OO TE\B € SIFMEOE D
OTIBASGIF KRB \WFPIN @ Bl FRIFIF 3 r@VATRD B M
BXOWIPAPMEIEBTUSRARILFTMIWJIOH L
) B@BOE BOEUT PEINADWBBBMNVMBUJ
D RSB $IF R GOM BPFGD B FPIDF OF TPNVRJT DP B
UGFSDOBEBOHSEFEGEUSFHYBIBSMZ SFDF
Z THE INFOU TFRNBEPSBE \CF IBVEIBH UIF
) SWEDTUASSIZ B GBI 8 BIKB POFIZ B D ABE N
UIBBNUIPEE XBUTFE §5EPGJMB BOE SFE
E THEJNSPRUB WIS ABEENVBA B FITFEOU XJUIJ
0 BPSIM X FO HP G VIGFTEU SIB O )BEDTE DOFENS U J D |
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UP CF SFTQPOTJCMF GPS UIF P
FSO DPBTUBM SFFGT )JHI TFEJ
BEWFSTFMZ B FDU DPSBM SFDS
UFOCFSH )VOUF dggii #BCDH
NBZ BMTP DPOUSJCVUF UP JOD
JOH BOE CVSJBM PG DPSBMT |/
DPOEJUJPOT IBWF CFFO PCTFS
DPBTU FTQFDJBMMZ JO )JLLBE
UPUB 8FMJHBNB 3VNBTTBMB 4}

hF SFDPWFSZ PG DPSBM SFF
FWFOU IBT CFFO WBSJBCMF 3
DPSBM DPWFS JO SFMBUJPO U
BOE $PSBM *TMBOE XIFSF CPU
CSBORW®@HTQFDIFT 4PNF PG
QBUDIFT BU #BS 3FFG IBWF TI§
B CV O E Bk Bfferea B QPzillopora dami-
cornis X1JMF PUIFS QBUDIFT SFN
1BUDIZ SFDPWF SdphdG TQIB OBIT
,BQQBSBUPUB 8FMJHBNB 3FFG
PUIFS TJUFT JO UIF TPVUI BM
G P MbRFo BONMBTTIJWF DPSBMT P
JEBF BOE 1PSJUJEBF XFSF DP]
UPUBM MPTT PG MJWF DPSBMT
LOPXO IPXFWFS MBSHF TDBMH
UP TFWFSF CMFBDIJOH JO {iii6
JOH XBT SFQPSUFE BU TFWFSB
DPBTU 3BKBTMBAWZBFDVSSFOU
FWFOUT NBZ DBVTF NVDI HSFB
PUIFS OBUVSBM EJTBTUFS

hF BCVOEBODF PG CVUUFSnZ
XIFSF UIFSF XBT IJHIFS MJWF |
BCVOEBODF XBT BU 1JHFPO *TM
BOE %VUDI #BZ XIFSF UIFSF XF
OJMFT PG XIJDI UIF NBKPSJUZ
HSPVQ 4VDI IJHI EFOTJUJFT P
POMZ XIFSF UIFSF XFSHEsb¥#ABP
BMAPVDIPO /BWBSP BOE #PVDI
UIBU UIF EFOTJUZ PG PCMJHB
DPSSFMBUFE XJUI UIF BCVOEB
TJHOJMDBOU SFMBUJPOTIJQ X
hF QPTU TFUUMFNFOU GF

WiF5S BIMM BRI XC PG 0IB.DU PBE BPGI TRV WIT SF N
NFQEBUBKO[BRIJU G FBOT LEERVAVOUTFPBOE UIBU
VPGNFOMJHBEWTP P SRkl MfBSH=T TVDI B
) DB QCEAiflsdiddid AT iD BOESJTFE FYDMVTJIWFM;
S BBT BP SAWH B MAPTX U)B SNPMEDS7 JW JF O
HWBE+ 3P\CHHSIJTTU REi & | BAFOFF BWBJMBCJ !
W B8 BBPDAHN G MBHFUDGFDURMU EISO SJCVU
V/ XUBF 8nlZJ @ @ B M BBFS IP C,BREQ\BESBIPOT BSF T
3 0DIBV@SEZTEOE TRWIED KX | FShRwkdH |FTU EF(
G FrifBeGrid FEE@RHifrscidlis o6 €M DBBMIFOMHI PO 1JHF
B KBEFYS BABE #PiSBMUAFMIBEEFTXUJIDI XFSF E
b 3§ OFGB TIOF XBAT BAHSBIMIF D B N B OES P
| SWIFEGT QGFSFFBEPNBOBGSENCQRSFEBUPST
UIFVBIGBIP B SFBSBRS GFFEJOH 'VSUIFS
> XOT H B £ Kl JSTH DXPIW B 575 XUIFI MBSHF OVNCF!
EPOUJET PCTFSWFE BU 1JHFPO *TMBOE
3 JOV BO MY B B OUSPEI BER® U QPQVMBUJPC
OHFQ@RSUFE CZ TNBMM DPSBM BSFBT T
SWBPRE SHZF XBZ TMPX BHJNBPWUTUBUF PG |
UIPSWJI BN NBH GFMX IS FDFRMISINIOF UIF QF
G WPPOBNUMIFFVBWRESNZ mTI BCVOEBODH
| N@BS BhFP § BBEFP\DJ IGBPI$BOEBS UP IFBWZ Q
BNJF DW@MB \VTE BD PO M FID FBPI@ J$T BAAUPE P C
CEAVETBAM MNAP)S B BIM)JUL £ ECEPAXMBE / B B JP\OFB M 1B
BAbbpdR I BIE FOPNUZ SFDCPVWBFSRE BB UFS CMF B
M WEPTD/EBSUZBO Tiid ® BIFEXENMV BOE FGAJIFT
DPSIBNVCRAEBDIEDBCVOEBODF PG DIBFUF
J FSBEBNBHMBS SPAGILBBVXBOXIFSF UIF
OBUFE CZ NBTTJWF DPSBMT 'BWJJEBI
STH MTB B XWE MO MIRXD O WBITFFS PG CVUUF Sn
B SBEM DR 9/ DWW FGF D EFIT BIF BB S 3FFG DF
1 BDENG P8 0 B K FEZ5IZBEBBBIJATMB O E
S FrM BSAEFBYNQSSW JPG/ KMIVFUIF DPSBM
C FOVEPUORHEF € ZU @ SBI G [IHB/6 A NENQIBNDRES@ W8 B K B T
G VIS\HEE O 3W & T X<H $B | PIO/TFEGMEAEFE B MBS
T IOWUOSBOD M@K %IKBO® $IBFUPEPOUJE
b Q) N ®FP:SpU BEIT FDW PPREDBMMZ BT UIFZ B
U FT D\PIS IBMBIG WPS EZ XBA BRAVIEISIIJWN- M3 BE |
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hF GVUVSF PG DPSBM SFFGT
UBJO FTQFDJBMMZ EVF UP MBD
VTF PG EFTUSVDUJWF mTIJOH
MBOE VTF "MUIPVHI UIFSF BSH
UJPOT UIFSF JT JOBEFRVBUF
3BKBTMSEJABIT06 FTQFDJBMMZ
NJOJOH BOE UIF VTF PG EFTUS
BCTFODF PG BMUFSOBUJWF FN
HBHFE JO BDUJWJUJFT UIBU EB
UJmFE BT POF PG UIF NBJO SF
NBOBHFNFOU 1FSFSB Aiio IP
FNQMPZNFOU TIPVME OPU CF
JNQMFNFOUBUJPO PG FYJTUJO
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INTRODUCTION

Trincomalee is located on the east coast of Sri Lanka. It is
known for its deepwater natural harbour, abundant fish
resources, and large marine fauna such as whales and
dolphins. It is an important location for tourism and has
many attractions on land as well as underwater. The
rocky seabed of Trincomalee supports extensive reef habi-
tats, the majority of which are large boulder type reefs of
crystalline rock. Coral reefs are few and their distribu-
tion is patchy along the coast. The main coral reefs are
located at Nilaveli, (Pigeon Island and Coral Island),
Dutch Bay, Back Bay, Coral Cove and Foul Point, and
along the coast south of Foul Point to Batticaloa (figure 1)
(Swan, 1983; Rajasuriya & Premaratne, 2000). There are
also some small coral patches within the Trincomalee
Harbour and in embayments along the eastern coast
outside the harbour. There are no coral reefs in Koddiyar
Bay due to freshwater and sediment input from the
Mahaweli River. A very deep canyon more than 1 0oo m
deep extends in a north-easterly direction from Koddiyar
Bay.

There are extensive rock and sandstone reef habitats,
both inshore and offshore. Narrow fringing coral reefs
have developed on rock substrates, extending about
200 m from the coast to a depth of about 8 m, while
offshore reef habitats are found to a depth of more than

so m. To date, over 100 species of corals and more than
300 species of reef fish have been identified in Trincoma-
lee and surrounding areas. Rajasuriya and Karunarathne
(2000) reported that corals in Trincomalee were not af-
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Figure 1. Map of Trincomalee, eastern Sri Lanka showing
coral reef areas and study sites.
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fected during the major coral bleaching event in 1998,
whilst most reefs elsewhere in the country were severely
damaged. However, the area experienced major reef deg-
radation in the 1970s due to a crown-of-thorns starfish
(Acanthaster planci; COTYS) infestation (De Bruin, 1972;
Rajasuriya & White, 1995).

Reef resources are utilised extensively. Fishing for ed-
ible species and ornamental fish collecting are the most
common extractive reef uses in Trincomalee, while ex-
tensive harvesting of sea cucumber and chanks (7ur-
binella pyrum) is a relatively recent phenomenon that has
evolved during the last § years. As elsewhere in Sri Lanka,
reefs in the area are heavily affected by human activities,
especially destructive fishing practices and over harvest-
ing of resources (Rajasuriya e /., 1995), and urban pollu-
tion affects reefs close to the town of Trincomalee. Pigeon
Island is popular among tourists, both local and foreign,
who damage the coral reef by trampling and collecting
souvenirs. Visitors also dump refuse on the island.

Scientific studies of the reefs in Trincomalee are lack-
ing because the past two decades of internal conflict in
the country has rendered the area inaccessible. Thus the
coral reefs were monitored only after the 1998 bleaching
event, and due to the prevailing security concerns, reef
surveys have been confined to the area between the
Dutch Bay and Coral Island. The first survey was carried
out at Pigeon Islands in 1999 (Christoffelsz ez 4/., 2000).
Thereafter, two more surveys were conducted at this loca-
tion, Dutch Bay and Coral Island were surveyed in 2003,
and several other reef sites in the area were investigated
without conducting detailed surveys. All surveys were
carried out jointly by the National Aquatic Resources
Research and Development Agency (NARA) and the Sri
Lanka Sub-Aqua Club (SLSAC). In 2003 and 2004, the
Hong Kong and Shanghai Banking Corporation also
participated in investigating reefs at the study sites.

SITES

Pigeon Island National Park (N 8 43.198 E 81 12.101) is
made up of two small islands (Large and Small Pigeon
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Island) located about 1 km offshore. There are several
rock outcrops about 300500 m to the south and south-
east of Large Pigeon Island, the one on the southern side
is called the ‘Salabalas Rocks’. Large Pigeon Island has
two small beaches on the south-western and northern
flanks of the island. The main coral reef is in front of the
south-western beach. It is about 200 m long and 100 m
wide, with a depth of between 1 and 6 m. There are no
large coral patches around Small Pigeon Island. Much of
the surrounding area contains rocky reef habitats inter-
spersed with old limestone reef structures and sandy
patches. The two islands were declared a sanctuary in
1963 for the purpose of protecting birds. In 2003, Pigeon
Island and the surrounding area within a one-mile radius,
including its coral reefs, were declared a National Park
under the Fauna and Flora Protection Ordinance of the
Department of Wildlife Conservation.

Coral Island (N 8 44.200 E 81 10.590) is located about
soo m north of Pigeon Island and about 300 m offshore.
It is a small rocky outcrop without sandy beaches. Fring-
ing coral reefs have developed on the northern and
southern sides, and small coral patches also occur around
the island to a distance of about 200 m. Most of these
coral areas are in very shallow water, the near shore fring-
ing reef patches at depths of 2—4 m and the coral patches
in the surrounding at depths of 4—6 m.

Dutch Bay contains a shallow coral patch at its north-
ern end (N 8 34.404 E 81 14.373). The rest of the bay is
made up of rocky substrate interspersed with patches of
sand. In the centre of the bay, there are large Porites
domes reaching a diameter of about 4 m.

SURVEY METHODS

The Reef Check method (Hodgson, 1999; 2003) was
used for surveying the coral reefs as it is a rapid survey
technique that allows coverage of large areas, and pro-
vides basic information about reef status and health.
Point intercept transects 100 m in length were deployed
between 3 and 7 m depth, and the following benthic
cover categories recorded: hard coral (HC), dead coral



(DC), recently killed coral (RKC), soft coral (SC),
sponge (SP), fleshy algae (FS), other organisms (OT)
such as corallimorpharians and tunicates, coral rubble
(RB), eroded dead coral blocks or rock (RC), sand (SD)
and silt (SI). Brief visual surveys were also conducted on
reef sites at Uppuveli and Back Bay in 2003.

The coral reefs around Pigeon Island were surveyed in
1999 and 2003 while Coral Island and Dutch Bay were
surveyed only in 2003. Pigeon Island and Dutch Bay
were also investigated in 2004 to record human influ-
ences, types of resource extraction and utilization of
coral reefs for recreational purposes.

RESULTS

The surveys revealed that the investigated reef sites were
relatively healthy. Surveys at Pigeon Islands indicated
that there was little change in the status of live corals be-
tween 1999 and 2003, and the reefs that were degraded
due to the COTS infestations in the 1970’s (De Bruin,

1972) had recovered well. The benthic cover at each reef
is presented separately below.

Pigeon Islands

Living hard coral cover on the shallow reef at Pigeon Is-
lands was about 51.3% in 1999, increasing slightly to about
54.4% in 2003 (figure 2). The area is dominated by Acro-
pora spp. (figure 3 on next page). The rock and limestone
reef section between large Pigeon Island and the Salabalas
Rocks was surveyed in 1999 only. Its living hard coral
cover was about 24.4%, dominated by corals belonging
to the families Faviidae, Mussidae and Poritidae. Nota-
bly, coral rubble constituted more than 30% of the ben-
thic cover, while the cover of other organisms (e.g. coral-
limorpharians) was ~15% (figure 4 on next page).

Coral Island

The shallow fringing coral reefs on both the northern and
southern sides of Coral Island were surveyed in 2003. The
combined hard coral cover was 58%, mostly consisting of

E T
(g (al .£TMTMTM
P N
N Jt [0 6aal
«wl
‘ -

08 eSS T

. = = . . S i B i
E E - E , E , E , E -E -*E - E "

Figure 2. Percentage cover of each substrate category recorded at Pigeon Island during surveys conducted in 1999 and

2003.
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Figure 4. Percentage cover of each substrate category
recorded between Pigeon Island and Slabalas
Rocks during surveys conducted in 1999.
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Figure 5. Percentage cover of each substrate category
recorded at Coral Island during surveys con-
ducted in 2008.



branching Acropora species, while ~24% consisted of rocky
substrate devoid of corals (figure 5). Some dead coral and
coral rubble was recorded. The northern side of the island
exhibited higher coral cover, while rubble and non-coral
benthic fauna cover was higher on the southern side.

Dutch Bay

The shallow coral patch was surveyed in 2003. Benthic
cover was determined along two line intercept transects at
an average depth of 3.5 m. Hard coral cover was 51.5%,
with foliose Montipora the most abundant coral (figure 6).

Figure 6.

EVeeUiA

{&

E E - E , E -*E , E ,E -

Figure 7. Percentage cover of each substrate category
recorded at Dutch Bay during surveys con-
ducted in 2003.

e " 1" « oddkrrnated habitat at Dutch Bay in 2003.

There were also many branching and digitate Acropora
colonies. Coral rubble and rock substrates were 20.9%
and 16.5% respectively (figure 7). The recently killed cor-
al, making up about 1.8% of the total benthic cover, can
be attributed to presence of Acanthaster planci.

RESOURCE USE

Fishing and ornamental fish collecting are the main ex-
tractive reef uses in Trincomalee. There is also widespread
exploitation of sea cucumber particularly from the coral
reefs in Nilaveli and Foul Point. Commonly used fishing
gears are fish traps, rod and line, and a variety of nets in-
cluding gill nets and bottom set nets. The damage caused
by these nets in other areas of Sri Lanka have been high-
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lighted previously (Rajasuriya ez al., 1995; Rajasuriya &
Wood, 1997).

Major Causes of Reef Degradation in Trincomalee

o Blast fishing

o Use of banned fishing gears such as the bottom set
nets used to harvest spiny lobsters and reef fishes and
the use of moxy nets (a diver deployed underwater
drop net) to collect aquarium fishes from shallow
coral reef habitats.

¢ Uncontrolled resource exploitation

o Urban pollution

e Boatanchoring

e Visitor pressure on Pigeon Island and Coral Island
(Trampling, souvenir collecting and pollution).

CONCLUSIONS

The coral reefs in Trincomalee have recovered from the
COTS infestations that were first observed in the 1960s
and reaching a peak in the early 1970s (De Bruin, 1972.
This coincided with large scale COTS outbreaks on the

Blast Fishing in Trincomalee

Blast fishing is a widespread fishing method in Sri
Lanka (Rajasuriya ez /., 2002), despite being banned
under both the Fisheries Act and the Fauna and Flora
Protection Ordinance. In Trincomalee too, this is the
most damaging fishing practice at present, carried out
daily especially north of Dutch Bay. It is most preva-
lent in the offshore area (2—5 km) from Uppuveli to
north of Nilaveli, including in Pigeon Islands Nation-
al Park.

Blast fishing destroys all forms of marine life and
damages reef structures. It is also extremely harmful
to divers. Today, all dive operators in Trincomalee
have experienced the negative impact of blast fishing
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Great Barrier Reef (Endean & Cameron, 1985). All the
study sites showed healthy coral growth 20 years after the
COTS infestation and they were dominated by fast
growing species of Acropora and Montipora. Similar re-
covery has been observed elsewhere; on the mid-shelf
reefs in the Great Barrier Reef, coral habitats damaged by
COTS recovered to a level comparable with unaffected
mid-shelf reefs after about 10-12 years (Moran ez al.,
1985) due to the rapid growth of branching corals. A few
COTS were present on all the sites surveyed, but no
large-scale damage to any of the reef habitats was ob-
served.

Coral reefs in Trincomalee are the only known reefs in
Sri Lanka that escaped the major coral bleaching event in
1998 (Wilkinson, 1998; Rajasuriya ez al., 2000). Minor
coral bleaching was observed at depths of about 1.5 m in
the Dutch Bay and at a depth of about 3 m in the Trin-
comalee harbour in May 2004, which is the same time of
year the mass coral bleaching occurred in 1998. Similar
minor bleaching was also reported from the southern
coast at Rumassala in Galle Bay in 2004.

However, despite recovering from COTS infestations

and have already lost business and potential revenue
from tourists due to this practice.

There is also little interest in protecting and manag-
ing the marine environment other than to strengthen
legislation periodically. Recently, the penalty for blast
fishing was increased through an amendment to the
Fisheries Act, but regulations are not enforced. A gen-
eral lack of resources, manpower and equipment for
management of fisheries and marine protected areas,
and consequent inability to arrest blast fishermen at
sea, means destructive practices continue to threaten
coral reefs in Sri Lanka.



and escaping the bleaching in 1998, the area faces a severe
threat. Pigeon Island has been declared a marine Nation-
al Park, but there is no management plan nor are the
park regulations implemented. At present, it is unguarded
and visitors freely take corals and other souvenirs from the
reef and pollute the island by discarding polythene bags
and other non-biodegradable refuse. Nevertheless, the
most serious threat to the health of biota in Trincomalee is
rampant blast fishing. There is an urgent need to strengthen
political will to implement and enforce existing fisheries
regulations and provide Pigeon Island the protection its
National Park status warrants, in order to prevent rapid
decline of reef health and fish populations. Lastly, Trin-
comalee and the surrounding areas have not been studied
in the same detail as some other locations in Sri Lanka,
e.g. Bar Reef Marine Sanctuary. In order to strengthen
and support management, long-term studies on coral reef
health and resource use should be initiated in this area.
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INTRODUCTION

Study area

Sri Lanka is situated between 5° and 10° north of the
equator and south of the Indian subcontinent and has a
total land area of 65 0oo km?. The coastline of the island,
which is about 1 §85 km, supports highly productive eco-
systems such as coral reefs, mangroves, seagrass beds
and marshy lands. The continental shelf of Sri Lanka is
relatively narrow averaging only a few km in width
(Rajasuriya ez al., 1995).

Well-developed coral reefs exist along much of the
coast of Sri Lanka and, along the east coast, they occur
between Vaharai and Valaichechenai and from Batticaloa
to Kalmunai. These reefs are important sources of natural
resources. For example, corals are mined to produce lime
for the construction industry, the export of spiny lobsters,
sea cucumber and ornamental fish have contributed sig-
nificantly to the foreign exchange earnings of the country
and tourism benefits from the aesthetic value of coral
reefs. Despite their value, reef habitats are being degraded
at an alarming rate due to unmanaged resource use. Un-
fortunately however, systematic baseline surveys of the
condition of the reefs found along the north and east
coast have not been conducted due to the civil conflicts
during the last 20 years between the State and the LT TE.
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Degradation of habitats at Passikudah

Passikudah Reef is located 28 km north of Batticaloa in a
relatively calm bay which is a favoured spot for bathing.
During the civil war that has been fought over the last
two decades, the fisher families that comprise the civilian
population at Passikudah were deprived of their main
livelihood of fishing because of restrictions imposed by
the military. In addition, tourism had virtually ceased
further denying them of any supplementary income
from the tourist industry. As a consequence, these people
resorted to large scale coral mining of both extant and
fossil coral reefs in the area in order to produce lime il-
legally. As there were severe restrictions in the southern
part of the country on lime production, the lime pro-
duced at Passikudah was sent to the south in a surrepti-
tious manner (Dharmaretnam & Kirupairajah, 2003).
Large-scale live coral mining at Passikudah was stopped
only recently.

With the recent cessation of hostilities between the
LTTE and the State, local tourists have been arriving at
Passikudah in increasing numbers. This large scale influx
has had a negative impact on the environment as there
were not adequate mechanisms to cope with the local
tourists. Large quantities of polythene plastics and other
solid wastes left by the tourists now litter the reefs in the
bay.



The coral reefs of Sri Lanka were badly affected during
the coral bleaching event of 1998. Coral bleaching was
reported at sites in the west and south of Sri Lanka such
as Bar Reef Marine Sanctuary, Hikkaduwa and Unawa-
tuna (Rajasuriya, 2002). However, the reefs on the east
coast at Trincomalee (Pigeon Island) did not seem to be
affected by the coral bleaching event. To date, the reefs
along the east coast south of Trincomalee have not been
surveyed. Thus, the aim of the project was to conduct a
baseline survey of the reef at Passikudah to determine its
condition.

METHODOLOGY:

At Passikudah Reef, surveys were conducted between

January and June 2004 to determine the condition of the

reef. Beginning in the centre of the bay and moving east-

wards towards Kalkudah, seven som line intercept

transects were laid perpendicular to the shore and sepa-

rated by 100 m. The linear extent of each substrate type

bisected by each transect was recorded by snorkel divers

using the following codes from English ez al., 1997:

LC = Live Coral;

DC = Dead Coral (recently dead white to dirty white);

DCA = Dead Coral with Algae (this coral is standing,
skeletal structure can still be seen);

R = Rubble (Unconsolidated coral fragments);

S = Sand;

SL = Silg

AA = Algal Assemblage (consisting more than one
species);

HA = Hualimeda,

MA = Macro Algae (weedy/fleshy browns, reds, etc.);

TA = Turf Algae (lush filamentous algae, often found
inside damselfish territories);

SP = Sponges;

OT = Others (Ascidians, anemones, gorgonians, giant
calms).

The mean percent cover was calculated for each substrate
type. The frequency with which different varieties of

solid wastes occurred along each transect was also
noted.

Salinity, temperature, turbidity and water depth were
also measured at each transect using a refracto salinometer,
a submersible thermometer, a secchi disc and a tape

measure respectively.

RESULTS AND DISCUSSION

The overall cover of live coral was 15.81% (+ 2.96 S.E.)
(figure 1 on next page) and ranged from 8.88% to 29.6%
(figure 2 on next page). The cover of dead coral, dead
coral with algae and sand ranged between 10.6%—29.66%,
3.22%—8.6% and 6.2%—28.86% respectively and was gen-
erally greater towards the western boundary of the study
site. The predominantly sandy substrate near the western
most transects ensures that this area is the preferred site
for bathing and where most tourist activities are concen-
trated. Coral rubble also occupies a considerable propor-
tion of the substrate with the mean percent cover being
18.87% (¢ 1.57 S.E.) (figure 1) but is fairly evenly distrib-
uted between transects probably indicating skeletal break-
down following coral bleaching (figure 2). Despite the
even distribution of coral rubble across the study site, the
declining live coral cover and corresponding increases in
dead coral with the concentration of tourist activities
makes it quite evident that the abundance of live coral is
being affected by trampling and siltation caused by the
tourists. The impact of live coral mining would have also
contributed to the status of the coral reefs of Passikudah.

The cover of Halimeda varied considerably between
transects. In 3 transects, the cover exceeded 15% while in
each of the remaining 4 transects, the cover was 5% or
less (figure 2). There is a possibility that Halimeda is over-
growing new coral recruits at Passikudah, similar to that
reported from the shallow waters of Kandakuliya in 2000
(Rajasuriya, 2002). Algal assemblages, macro-algae and
turf algae comprised 6.1% of the substrate. Sponges and
others consisted of 2.84% (figure 1).

The average salinity was 32%o and visibility ranged
from 75-88 cm. Water surface temperature was 28.6°C.
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Figure 1. Mean percent cover (+S.E.) of each substrate type recorded from all transects conducted at Passikudah Reef.
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Figure 2. The percent cover of each substrate type recorded from each transect conducted at Passikudah Reef. Note:
data for algal assemblages and macroalgae and for sponges and other have been combined and are presented
as macroalgae and other respectively.

106



water depth ranged from 66—92 cm at the beginning of
the transect and it was 9o—151 cm at the end of the
transect towards the sea.

The percentage cover of live coral at Passikudah in
2004 was similar to that of reefs in the southern part of
the country that were damaged by coral bleaching. In
2000, live coral cover at Negambo Reef was 14%, while at
Hikkaduwa in 2001, coral cover had increased from 7%
immediately following the bleaching event in 1998 to
12% (Rajasuriya, 2002). Further systematic observations
of Passikudah Reef are necessary to understand the dy-
namics of this reef.

Polythene plastics, including bags, papers and plastic
bottles, were the most common solid wastes found on
Passikudah Reef'and, on average, were recorded approxi-
mately 5 times on each transect (figure 3). Although less
frequent, wastes discarded from fishing activities such
as longline filament, nets and anchors were the second

most common pollutant occurring, on average, almost 4
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times per transect. Bones, twigs, glass bottles and bricks
comprised the remaining types of solid waste found on
Passikudah Reef occurring 0.857, 2.286, 3.571 and 3.143
respectively.

CONCLUSION

The results of surveys presented in this paper are the first
obtained from any coral reef along the east coast of Sri
Lanka. It seems possible from comparisons with other
studies done in southern part of Sri Lanka that the reefat
Passikudah could have been damaged by the coral bleach-
ing event. The impact on the live coral mining industry
is also a factor to be considered.

Any recovery of these damaged reefs is currently
threatened by activities of increasing local tourist popu-
lation. The presence of discarded plastic material and
bottles from tourists is very much higher than the mate-
rial left by fishermen. The local authorities establish more

—
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Figure 3. Mean frequency of occurrence (+S.E.) of solid waste material recorded from all transects conducted at

Passikudah Reef.
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stringent measures to ensure that the plastic material left
by tourists does not reach the sea. The plastics are a threat
to the growing corals.

Declaring Passikudah a marine sanctuary to protect
the growth of the corals should be considered seriously
by the authorities. Restricting the use of the beach for a
period will no doubt contribute to the regeneration of
the degraded coral reefs of Passikudah.

Almost all of the families in the village depend on
fishing. There is no information regarding the impact of
coral bleaching on fisheries. Studies revealing such im-
pacts and the recruitment of corals are a necessity to con-
serve the beautiful coral reefs of Passikudah.
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INTRODUCTION

The unprecedented magnitude of the coral bleaching
event caused by the El Nifo in 1998 affected several coral
reef ecosystems throughout the world (Wilkinson ez 4L,
1999). Severe bleaching and subsequent mortality of
large areas of coral reefs in the Indian Ocean have been
reported (McClanahan, 2000; Edwards et 4/., 2001
Sheppard ez al., 2002).

Coral reefs in the Maldives were severely affected by
this El Nifio event causing severe bleaching and mortal-
ity of more than 90% of the shallow water coral commu-
nities (Zahir, 2000; 2002). Reef recovery has been vari-
able among several locations that have been monitored
annually since the initial bleaching impact study in 1998.
Re-colonisation of fast growing branching growth forms
of corals has been reported (Edwards ez 4/., 2001; Zahir,
2002). It is likely the reefs may be modified as a result of
the bleaching event changing the community structure.
Preliminary findings indicate that the reefs are now be-
ing dominated by slow growing coral species such as
agariciids and faviids rather than the branching acropo-
rids and pocilloporids that were prevalent previously.

The long term objective of the monitoring program is
to examine the processes of reef recovery in terms of coral
cover and other benthic communities so that the ecologi-

cal processes that influence the reef recovery and recolo-

nisation are better understood for science and manage-
ment needs.

This report describes the patterns of reef recovery
since the bleaching event in 1998 over a period of 6 years.
In addition, the impacts of tsunami of December 26,
2004, on one of the regions included in this monitoring
program are also described.

METHODS AND SURVEY LOCATIONS

Site Selection
Maldives comprised of 26 natural atolls stretching an area
of over 8 oo km? in the northern and central Indian Ocean.
The 15 sampling sites were chosen in the following s re-
gions to cover a large spatial area (figure 1 on next page):
1 Haa Dhaal (north and a regional development tar-

get)

Hondaafusi

Finey

Hirimaradhoo
2 Male atoll (east central with intensive tourism and

other commercial activities)

Emboodhoo

Bandos

Udhafush
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Figure 1. Map of Maldives illustrating the sites surveyed.
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3 Ari atoll (east central with intensive existing tourism
development)
Fesdhoo
Mayaafushi
Velidhoo

4 Vaavu atoll (figure 2; south central with a community-
based integrated island resource management project
underway)
Kuda Ambaraa
Wattaru
Foththeyo

s Addu-Gaaf Alif atoll (south and a regional develop-
ment target)
Gan
Villigili
Koddoo

These 15 sites were selected initially to ensure that reefs
that had been surveyed prior to 1998 bleaching event
were included thus providing baseline data against which
monitoring data could be compared in order to assess the
impacts of the bleaching event (Allison, 1999). In order to
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Figure 2. Reef monitoring sites in Vaavu atoll.

be comparable with all previous studies conducted on the
coral reefs of Maldives and for logistical efficiency, all sur-
veys were conducted on the reef tops. Surveys were also
confined to inner reefs within the atolls because this is
where past surveys had been conducted and also because
the surge caused by oceanic swells ensures that working
in shallow water on outer reefs is usually impossible.

Survey Method

On each reef surveyed, data from three line intercept
transects of 5o m (English ez al., 1997) were recorded in
areas near the location of past survey sites and where
physical conditions such as wave action permitted. Oc-
casionally, when it was efficient to do so, a 50 m point
intercept transect was used. Initial monitoring was done
in 1998 soon after the bleaching, and surveys were re-
peated at the same sites in 1999, 2000, 2002, 2003 and
2004 to provide an insight into the processes of reef re-
covery, especially after the bleaching in 1998. Compara-
tive surveys of three sites in Vaavu atoll (Kuda Ambaraa,
Wattaru and Foththeyo) were carried out in January
2005 to assess the impact of tsunami of December 2004.

RESULTS

Reef Recovery Since 1998

Coral cover was variable among the 15 sites surveyed (fig-
ure 3 on next pages). The average percent cover of live
coral for all sites surveyed was approximately 2%. The
highest overall cover was recorded at the two southern
sites, Gan and Villigili and a western central site, Fesd-
hoo. Overall coral cover increased approximately 7% in
2004 but the rates of increase varied between different
sites. A 3—4 fold increase in coral cover was recorded at
Gan, Villigili and Koddoo between 1998 and 2004. An 8
fold increase in coral cover from 3.34% to 27.16% was
observed at Fesdhoo, between 1998 and 2004.

Overall, there was an increasing trend in the live coral
cover at the 15 sites surveyed over the past 6 years since
the 1998 bleaching event. In 1998, coral cover ranged be-
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tween 0.2% at Velidhoo and 5% at Foththeyo. In 2004,
the coral cover is still low at Emboodhoo (2.23%) but is
moderate at Fesdhoo (27.16%).

The sites where the impacts of the tsunami were as-
sessed, Kuda Ambaraa, Wattaru and Foththeyo at Vaavu
acoll, showed variable coral cover in 2005 (post tsunami)
compared with 2004 (pre tsunami). Kuda Ambaraa showed
a slight increase in coral cover, from 3.09% + 0.85 SD to
4.91% * 2.80 SD and Foththeyo a slight decrease 10.81%
+ 4.00 SD to 9.04% =+ 2.77 SD. Wattaru suffered the
most severe damage to the reef structure shown by the
decrease in coral cover from 4.43% + 1.75 SD in October
2004 (pre tsunami) to 1.80% + 0.96 SD in January 2005
(post tsunami).

Tsunami Impact at Vaavu Atoll

Analysis of the LIT data obtained from the three sites
surveyed at Vaavu atoll showed variable results among
the sites. Pre and post tsunami surveys of these sites indi-
cated an increase in live coral cover both at Kuda Ambraa
and Foththeyo but a decrease in Wattaru (figure 4). Cor-
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al cover increased from 3.1% to 4.9% at 1—2 m and 4.0%
to 5.2% at 10 m depth at Kuda Ambaraa. At Foththeyo,
coral cover increased from 34.4% to 38.2% at 10 m but
decreased from 11% to 9% at 1—2 m depth. In contrast, at
Wattaru, coral cover decreased at both depths, from 4.4%
to 1.8% at 1—2 m and from 13.2% to 6% at 10 m. The
amount of bare substrate also increased at Wattaru com-
pared with the other two sites.

The physical damage to the reef substrate varied sig-
nificantly between the three sites. The number live coral
colonies varied between sites; Kuda Ambaraa (32), Wat-
taru (27), Foththeyo (102) at 10 m and Kuda Ambaraa
(63), Wattaru (22) and Foththeyo (164) at 1—2 m depth.
The degree of the physical damage to the coral colonies
was contrastingly different at the three sites. The reef at
Wattaru exhibited considerably more damage than was
observed at Kuda Ambaraa or Foththeyo (figure s). The
average number of live coral colonies also varied among
the three sites; 10, 9, 34 at 10 m and 21, 7, 54 at 1—2 m for
Kuda Ambaraa, Wattaru and Foththeyo respectively. The
least number of live coral colonies was recorded at Wat-
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Figure 5. Proportion of the physical damage to the reef structure at three monitoring sites in Vaavu atoll. Depths are plot-
ted separately, a = shallow (1-2m), b = deep (7-10meters).
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taru. The percentage of damage to the coral substrate at
Wattaru ranged from 27-37% for both depths (12 m
and 10 m) compared with 3-9% for Kuda Ambaraa and
5—15% for Foththeyo.

The extent of mortality and physical damage to the
live coral and reef substrate was also assessed for these
three sites. A total of 410 coral colonies were used to as-
sess the extent of mortality mainly due to smothering by
sediments. Approximately 10% of the coral colonies were
affected due to sedimentation inflicting varying levels of
mortality. Among this 10%, only approximately 4% of

7>ii>Ai i

d..lbee

the colonies sustained more than 50% mortality (partial
death of coral colony, loss of tissue and colouration)
whilst the remaining 6% exhibited less that 50% mor-
tality. The extent of mortality was highest at Wattaru,
moderate at Foththeyo and lowest at Kuda Ambaraa (fig-
ure 6).

DISCUSSION

The overall coral cover increased from approximately 2
to 28% between 1998 and 2005 among the 15 sites sur-
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Figure 6. Coral mortality caused by smothering by sediment stirred up by the tsunami at three monitoring sites in Vaavu
atoll. Coral mortality for each depth plotted separately, a = shallow (1-2m), b = deep (7-10m).
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veyed. Reef recovery in terms of coral cover has been
variable across the 15 sites. The 1999 survey indicated less
live coral cover in several sites indicating subsequent
mortality since the bleaching and the absence of measur-
able recovery at these sites. The subsequent decline in
coral cover in 1999 and the variable recovery at several
sites may be a good indication of the severity of the
bleaching during the 1998 El Nifo.

Strong recruitment of corals has been reported from a
parallel study carried out to assess the reef recovery proc-
esses since the bleaching event in 1998 (Zahir ez al.,
2002). Size frequency analysis of the recruits from this
study indicated that the coral community is dominated
by the influx of new and small recruits. Although the
coral recruits are dominated by encrusting forms (e.g.
agariciids, mostly Pavona spp.) indicating that a shift in
coral community composition from the previously dom-
inant branching and fast growing forms (e.g. acropo-
rids), there is a good evidence that the reefs are recover-
ing slowly. The recruitment success at these study sites
also indicates that the reefs are not recruitment limited
and a source of larvae is in the vicinity, although variable
environmental factors are likely to affect the rate of reef
recovery, especially on reefs recovering from severe dis-
turbance.

The overall physical damage caused by the tsunami of
2004 was negligible (AusAID and MMRC, 2005).
Broad-scale assessment of the damage of the tsunami to
reefs showed similar patterns of coral cover through out
the Maldives that are comparable to the results of this
long- term monitoring program (figure 7).

One hundred and twenty four reef sites were surveyed
in seven atolls, covering about 170 km of reef margin.
Although there was damage to coral and movement of
sediments in all regions these perturbations varied in ex-
tent and intensity. Even so, surveys generally indicated
that direct damage to reefs from the tsunami was minor.
However, the reefs of the Maldives are in the early stages
of recovery from the massive bleaching in 1998 and the
most significant consequence of the tsunami may be to
hamper this process. Many survey sites had a light coat-
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Figure 7. Live coral cover at each of the atolls surveyed
by AusAID/ MRC to assess the impacts of the
tsunami.

ing of sand. Small coral recruits are most vulnerable to
smothering by sand and rubble and even a light coating
of sand may make reef surfaces unsuitable for future
settlement. This powdering effect imposes a considerable
concern that may hamper the survival of coral and other
benthic recruits in these locations. A recruitment failure
due to recurring environmental perturbation would have
a significant impact on the reef recovery process.

In general, little is known of the biodiversity or prior
ecosystem status and past changes on coral reefs of the
Maldives, especially after the tsunami. The results pre-
sented here provide important information with regard
to the damage caused by the tsunami where the sites are
directly compared before and after the tsunami.
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INTRODUCTION

The coral reefs of the Gulf of Mannar along the Indian
coast are mainly found scattered around the 21 islands
that are distributed in an 8 km wide band between Pam-
ban and Tuticorin (figure 1 on next page). Tuticorin (Lat.
8° 45" N, Long. 78° 10" E) is located at the southern end of
the Gulf of Mannar. The floral components comprises of
economically viable species of seaweeds such as Gracilaria
sp., Gelidiella sp., Caulerpa sp., Sargassum sp. and Turbi-
naria sp. The sea grass communities of this region are the
most diverse in India with the highest number of sea grass
species recorded, providing important feeding grounds
for the endangered Dugong dugon. The Tuticorin group
includes four islands namely, Vaan (Lat 8° 50' N, Long,.
78°13" E), Koswari (Lat. 8° 52" N, Long.78° 13' E), Kariya-
challi (Lat. 8° 57' N, Long. 78° 15" E) and Vilanguchalli
(Lat. 8°56' N, Long. 78° 15' E). As a result of soil erosion
caused by excessive coral mining, Vilanguchalli now lies
1 m below mean low tide level. The islands have fringing
and patch reefs around them. Narrow fringing reefs are
located mostly at a distance of 100-150 m from the is-
lands. Patch reefs rise from depths of 2-9 m and extend
to 1—2 km in length with widths as much as so m.

There are five important fishing villages depending on
the Tuticorin coast namely, Pudhukadarkarai (Inico Na-
gar), Thirespuram, Siluvaipatti, Vellapatti and Tharu-

vaikulam. There are 42 551 registered fishermen from
these villages who depend solely on fishing around these
four islands and along the coast for their livelihood. Fish-
ing is carried out mainly in and around Tuticorin. The
main fishery targets finfishes and shellfishes.

Fishing is mainly done by trawling or using gillnets or
traps. The reef fishery is not very important in terms of to-
tal landings or earnings when compared with other fish-
eries, such as the demersal fishery in the shallow coastal
areas or the tuna fishery. Many commercially exploited
shoaling fishes, like sardines, mackerels, anchovies, snap-
pers, and fast swimming pelagic forms, like tuna, billfish
and sailfishes, are abundant in this region, forming a major
fishery. However, it is expected that the focus on the Tut-
corin fisheries is likely to change due to increasing demand
from foreign markets, for high quality reef fishes, such as
grouper, snapper, and shellfishes, like lobsters and crabs.

The reefs of Tuticorin are under severe threat due to
natural and human interference. The local fisherfolk of
this region have traditionally had a close relationship
with the sea resulting in strong cultural and economic
links with maritime activities such as fishing, pearl
(Pinctata fucata) and chank (Xancus pyrum) diving. The
over-exploitation of seaweeds, sacred chanks, pearl oys-
ters and seahorses by the locals has made them commer-
cially threatened. Coral mining and the use of destruc-
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tive fishing methods are prevalent in the area (Patterson,
2002).

In this present survey, the status of corals reefs along
the Tuticorin coast was assessed, as an initiation of a
longer-term monitoring effort, mainly around the is-
lands and mainland areas

METHODS

Study Area

The Tuticorin region consists of 7 islands, which are cat-
egorized into two groups namely, the Tuticorin Group (4

120

islands) and the Vembar Group (3 islands). The Tuticorin
Group includes two patch reefs, one found near Tharu-
vaikulam fishing village, which is approximately 300 m
offshore and 3 km long, and another found near the Tu-
ticorin harbour area, which is 1.2 km offshore and 5 km
long. Each patch reef is found at different depths.
Surveys were conducted between January 2003 and Feb-
ruary 2004 at each of the four islands of the Tuticorin group
and the two patch reefs, Harbour and Tharuvaikulam.

Line Intercept Transect Method

The surveys were initiated by mapping the pacch reefs and
island reef areas, using manta tows (Done et 4l., 1982).



After confirming the positions of the coral reef areas, the measuring tape. The tape was laid at depths ranging be-

sessile benthic community were surveyed using the line tween 1 m and 6 m. Depending on the size of the reefs,
intercept transect (LIT) (English er al., 1997). Transects between 8 and 20 transects were laid on each of the four
of 30 m in length were laid along the reef area, parallel to islands and the two patch reefs. Divers using SCUBA
the depth contours of the reefs, using a flexible fibreglass recorded each change of life-form category (table 1),

Table 1. Lifeform categories and codes.

Categories Code Notes/Remarks
>AE =A>.
Dead Coral DC recently dead, white to dirty white
Dead Coral with Algae DCA this coral is standing, skeletal structure can still be seen
VAe«eA> Branching ACB at least 2° branching, e.g. VAe«®eA>E « >E4akiA“ e A>
Encrusting ACE usually the base-plate of immature V Ace«fmhs;eg. °E«>«"VviAp
and °EVO7i>1>
Sub massive ACS robust with knob or wedge-like forme.g. °E«>¢"viA>
Digitate ACD no 2° branching, typically includes °E ... 0,""$EA"}" 1 andA >
CE}I““TViIA>
Tabular ACT horizontal flattened platese.g. °E..b>V~"i...0OA
Non- VA e «ce A > Branching CB at least 2° branching e.g. -iA">lce«eA>E..PAIA"Y
Encrusting CE major portion attached to substratum as a laminar plate e.g.
*eATHAEU> @M TI>EA>EOQ™ >1>
Foliose CF Coral attached at one or more points, leaf-like, or plate-like L R
appearancee.g. 1AO* " ">E>"“«®@515«@A>E>ipO " IOLIAV|O>]>
Submassive CS tends to form small columns, knobs, or wedges e.g. *e@ A" TiAE-"V | i~
*A>“*eeVeA>E "} I>1>
Mushroom CMR solitary, free-living corals of the O~} >
Heliopora CHL blue coral
Millepora CME fire coral
Tubipora CTU organ-pipe coral, /OL "« A>E“OA"V>
"1..iAE >0">
Soft Coral SC soft bodied coral
Sponge SP
Zoanthids Z0 examples are *+>1bl, *deelic«>ebl.. e@>
Others oT Ascidians, anemones, gorgonians, giant clams etc.
Algae Algal Assemblage AA consists of more than one species
Coralline Algae CA
Halimeda HA
Macroalgae MA weedy/fleshy browns, reds, etc.
Turf Algae TA lush filamentous algae, often found inside damselfish territories
Abiotic Sand S
Rubble R unconsolidated coral fragments
Silt SI
Water WA fissures deeper than 50 cm
Rock RCK
Other DDD Missing data
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Figure 2. Mean percent cover (+SD) of each of the main habitat components at each site surveyed along the coast of
Tuticorin. Differences in the cover of each substrate type between sites was tested using Kruskal-Wallis rank
test (** indicates a significance level of p<0.01, while * indicates p<0.05). Numerals in parentheses indicate the

number of transects recorded at each site.

along the transect. When 77 situ identification of coral
genera was not possible, samples were collected for anal-
ysis in the laboratory. The percent cover of each life-form
category was then calculated following the method of
English ez al. (1997). Differences in percent cover of the
main benthic categories between the reef areas were test-
ed using Mann-Whitney U-tests. Further, to compare
the similarity of the benthic composition between the
reef areas, a multivariate analysis was used. Multi Di-
mensional Scaling (MDS), based on rank similarity ma-
trices using Euclidian Distance measure (Clarke, 1993)
was performed on square root transformed data. The
variables Halimeda (HA), Zoanthids (ZO) and Coral-
line algae (CA) were excluded from the analysis due to
their low abundances. Differences between groups of
samples were subsequently tested using the ANOSIM
permutation test (Analysis of Similarities) (Clarke &
Green, 1998).

RESULTS

Current Status of the Reefs

The total cover of each benthic life form recorded from
each site surveyed is presented in figure 2. The multivari-
ate analysis showed significant differences in the compo-

122

a B >AbP>V..>e¢"E Ae>~
" "o AT e
atay W " 6°+>"}OV..>es"E
! s o
*‘:  ER # >ALeGAE.. Eiiv
L
+ dwy a5 o
ot /..>A00>"28«>

YasivoEliv

Figure 3. MDS plot illustrating the relative similarity be-
tween the benthic communities of each site,
based on Euclidian distance similarities and
square root transformed data. Each point rep-
resents one sample. The distances between
the points display the relative similarities be-
tween the different samples. The closer the
points are to each other, the more similar the
samples.

sition of the benthic community (p>0.05, Global
Rho>0.3) between sites. The greatest differences occurred
between the patch reefs and the island sites (p<o.0s,
Rho0>0,0,4-0,8), and were caused by relatively small
areas on each patch reef occupied by mono-specific
stands of Turbinaria mesenterina and T peltata. The dif-
ferences between sites are clearly illustrated in figure 3 by
the distinct grouping of the samples from these reefs.



The Harbour patch reef had significantly greater live
coral cover (p<0.001) than all other sites, while the reef at
Koswari Island had significantly less live coral than all
other reefs except Vaan Island (p<0.05, Mann-Whitney
U-test; figure 2).

The coral communities of the four island sites were
dominated by massive corals (CM) followed by foliose
(CF) forms and tabulate acroporids (ACT) (figure 4).
The two patch reefs, on the other hand, were totally
dominated by foliose Zurbinaria spp. Branching acropo-
rids (ACB) and other branching (CB) and encrusting
(CE) forms contributed least to the cover of live coral
suggesting that these corals are the worst affected by en-
vironmental stress.

Massive corals contributed the greatest cover of live
coral at Kariyachalli Island, Vaan Island and Koswari Is-
land. Foliose corals were the dominant life form at both
patch reefs and Vilanguchalli Island. The highest cover
of encrusting corals occurred at Koswari Island. The
greatest percent cover of branching and tabulate acropo-
rids occurred at Kariyachalli Island, while the greatest
cover of branching non-acroporid corals was recorded at
Vaan Island. Sub-massive corals were totally absent in
the Tuticorin group of islands. Tabulate acroporids were
only absent at Koswari Island.

The Scleractinian Fauna of Tuticorin

Pillai (1998) provided a comprehensive account of the
coral fauna of the Gulf of Mannar in which 94 species
belonging to 37 genera were reported. The scleractinian
corals of the Tuticorin have been very little studied in the
past. The first mention of corals from this area is that of
Pillai (1972) who reported 21 species. During the past 30
years, little work has been conducted on the coral diver-
sity of the region. The latest report is that of Patterson
(2002) who reported 22 species from many localities in
the Tuticorin region. However, the species composition
of both reports shows little coincidence.

The present survey recorded 53 species of coral belong-
ing to 22 genera (table 2 on next pages), of which so spe-
cies from 19 genera were hermatypic and the remainder
were ahermatypic. Among the 53 species, 42 were recorded
for the first time in Tuticorin region and, of these, 10 spe-
cies were recorded in the Gulf of Mannar for the first time.

DISCUSSION

Island Reefs

Among the islands, Kariyachalli exhibited the greatest
live coral cover (46.6%) while Koswari exhibited the least
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Figure 4. Percent cover of each live coral category, including soft coral, recorded from the Tuticorin group of islands and

patch reefs in the Gulf of Mannar.
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(15.29%). Generally, massive corals (11.32%) dominated
the reefs of the Tuticorin Group of islands.

According to Venkataraman (2000), the bleaching
event in 1998 destroyed most shallow water corals in the
Gulf of Mannar, causing a significant reduction in the
live coral cover, particularly among branching Acropora
species of Tuticorin which declined to less than 1% of the
total cover, and the local extinction of other branching
species. Contrary to his report, the present survey, re-
corded 6.35% branching Acropora (ACB) and 3.26% cov-
er of non-acroporid branching corals (CB) in this region

Table 2.

and no signs of any mass mortality might have occurred
when sea surface temperatures were elevated across the
Indian Ocean in 1998.

Our results clearly demonstrate that, among the reefs
of the four islands surveyed, only Koswari Island exhib-
ited a low percentage cover of live coral (15.29 %). Coral
mining around this island during the past two decades
has reduced both the live cover and diversity of coral. At
present, only the southwest corner of the island has live
coral. Bleaching has not been noticed in Tuticorin Group
of islands and, as a result, the damage to reefs in the re-

List of scleractinian corals found along the Tuticorin coast

Species Vaan Koswari Kariyachalli  Vilanguchalli Harbour Tharuvaikulam
Name Island Island Island Island Patch reef Patch reef
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Species Vaan Koswari Kariyachalli  Vilanguchalli Harbour Tharuvaikulam

Name Island Island Island Island Patch reef Patch reef
>“"ep\E O"} " >i

PVeAiA"AEVDbVea«"liA + - - = = =
>“"eb\E*aA"1" >i

e "e«eA>SE“" " A - - + =

e e«eA>EAIOIV..LOAR" + + + + +
*eATiAEAe:""> + = + + + =
*e A" TiAE-Oii> + + + + + +
*e A" TIAE"V..i~ - - + - -
>“"ep\E >0""">j

SU>E«>ee" "> + + +

>0">Ev>00A + = + + + +
>U0">E“>11..>"" = = + - - -
>U TIAE>L "> + + + + + =
SUTIAEVR“«e>">1> - - + _ _ _
>U"TiAEYyiYOeA> + + - -
e~ >ATAISE«iVI~">i> + + + + + o
@™ >ATAI>EAil"veA“ A + + + + + -
*e>IPIPASE >i">ei> + + + + + -
*e>IpP}PA>EA"TI"ATA - + - - -
i«leeA">E« Ab}"> + - + + _ _
P "ee«..eA>E“"VAeVe el - + + - -
P "ee«..eA>EiYiA> + + + + - =
i«I>ATAI>ETIA>"AUiAA> - - + = =
i«i>ATAI>SE«<OA«OAI> + — + _ _ _
b«..>ATAI>EAIA>"e"> + + + + + _
V.. ";e«eA>Ee>“jeeceA>> - - - _ _
*oiA°>ATAISEVIAA «eA> - - + - o _
> ep\E"VO""" >

>e>Yi>Ev>AV VO>A"A - = + = = =
>“"eb\E OAA">i

-PpY«...bee">EA>">"A = = + - - _
>“"ep\E >AbP@«..bPee"" >j

*eebVP>1...0AEUiIAA e - + - = = =
>“"ep\E i""Ae«..Pee” " >

i""A@«...bee">E"T V> 4 = =
IOAL " ">A">EVA>IiA + + + + + +
IOAL">A>E«isi>i> + + + + + +
IOAL"">A>E“iAi"TiA~"> + + + + + +

+ Recorded. — Not recorded.

125



gion is attributable to mining and destructive fishing
particularly bottom trawling in the reef area.

Patch Reefs

The results of surveys of the coral fauna conducted in
this study are the first obtained from the patch reefs of
Tuticorin. The two patch reefs, Tharuvaikulam and Har-
bour, appear to be healthy and the latter supports 10 spe-
cies that have not previously been recorded in the region.
There was no sign of impacts attributable to the 1998
bleaching event on these patch reefs, which are mostly
covered with cup-shaped coral such as Turbinaria me-
senterina and T. peltata and some massive and branching
corals. However, sediment accumulating in the cup-
shaped structures of colonies of Turbinaria seem reduce
their growth rates resulting in a slow death.

Branching corals were totally absent from the patch
reef of the Harbour area while encrusting corals were
poorly represented. On the Tharuvaikulam patch reef,
encrusting corals, branching and tabulate forms of Acro-
pora, and non-acroporid branching corals were absent.

The commercially important seaweeds are found
growing on the surface of the dead coral beds. Sea grass
beds are common near all the islands and support a
number of associated fauna such as sea anemones, the
bivalve Pinna sp., and a number of species of starfish, sea
cucumbers and sea urchins. Other life forms such as
sponges, soft corals and reef fishes were also recorded.

Management Issues

The Gulf of Mannar is one of the most heavily stressed
coral reef regions in India, with impacts from destructive
fishing, pollution, coral mining, industrial efluent dis-
charges, and domestic sewage pollution. Local fishermen
complain that fish catches have declined both on the
near shore and offshore coral banks and islands. The is-
lands of Tuticorin have been affected by industrial pollu-
tion released by large number of factories that are located
along the coast. Sewage has also resulted in the over-
growth by mats of green algae on the dead corals. Bot-

tom trawling is also a major threat to the reefs. Trawlers
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are now fitted with a wheel at the footrope (Roller madi),
which aids in jumping over coral reefs thereby causing
destruction to the entire reef. Coral collection for the
production of lime and the damage by trawlers continue
to degrade the coastal reefs. Black, white and yellow band
coral diseases have also been observed.

The live export of lobsters and fishes from this area in
the recent years is also causing damage to corals. Fisher-
men set lobster and fish traps on all available coral areas.
The setting and retrieving of cages causes damage to live
corals. Ola valai, a type of beach seine, is not intrinsically
destructive while the process of shore seine operation is
largely responsible for the destruction of new colonies of
corals.

It is evident that some of the islands, which are close
to the mainland, have fewer live corals. Banning illegal
coral mining and destructive fishing practices is the only
way to protect coral diversity.
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INTRODUCTION

The Indian Ocean Islands CORDIO node consists of
Comoros, Madagascar, Mauritius and Seychelles, all lo-
cated within the western Indian Ocean. Although their
combined total Exclusive Economic Zone (EEZ) exceed
4.1 million km?, coral reefs cover only about 3 500 km?,
with the largest area being in Madagascar (see table 1).
Significant areas of coral reefs occur in the sub-region,
in particular within the Seychelles archipelago, Mada-
gascar, Mauritius, and Comoros. Madagascar has the
largest area of coral reefs in the sub-region, mostly domi-
nant along the eastern coast. Most of the granitic islands
of the Seychelles are encircled by discontinuous, fringing
reefs. Along the east coast of Mahé, reef flats reaching
over 2 km in width and terminating in a high algal ridge
which descends down a reef slope to a floor typically at 8

Est. Coral Cover

to 12 m are observed. In the coral islands, the types of
reefs are highly varied from true atolls, raised atolls to
submerged or partially submerged atolls and sand banks.
Mauritius is almost completely encircled by fringing
reefs, with substantial lagoon and barrier reef develop-
ment on the east and southwest coasts (Salm, 1976).
Rodrigues Island (Mauritus) is totally encircled by reefs,
with wide shallow reef flats extending from the shore,
with its widest extent reaching 10 km in the west (Spald-
ing et al., 2001). The main types of reefs in the Comoros
are discontinuous fringing reefs, ranging from 15 m to
several kilometres from the coastline. In Comoros, reef
cover is most extensive on the island of Anjouan (Scetau-
route, 1999).

There are a total of about 14 marine protected areas
(MPAEs) in the region, covering over 80oo km?* of ocean.

No. of Genera

No. of Species

Table 1. Estimated coral cover in the Indian Ocean Islands
Countries Land Area (km?) Coastline (km)
Comoros 2230 469
Madagascar 581 540 9935
Mauritius 2030 496
Seychelles 450 747

432 km? (Anjouan) N.A N.A
~2 000 km? 112 57
~500 km? 133 47
~577 km? 174 55

Source: McClanahan i1 E »2000.
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Table 2. Characteristics of marine protected areas in the sub-region

Country Name Year Est. Size (km?)

Comoros Moheli Marine Park 2001 404

Madagascar Nosy Atafana Marine Park 1989 10
Masoala Marine Park 1997 100

Mauritius Fishing Reserves (Port Louis, Grand Port, Black River,
Poudre d’Or, Poste Lafayette, & Trou d’Eau Douce) 1983 63.2
Blue Bay Marine Park 1997 3.5
Balaclava Marine Park 1997 5

Seychelles St Anne Marine National Park 1973 14
Aride Island Special Reserve 1979 0.1
Baie Ternay Marine National Park 1979 1
Cousin Island Special Reserve 1979 1
Curieuse Marine National Park 1979 16
Port Launay Marine National Park 1979 1.5
Aldabra Special Nature Reserve/World Heritage Site 1981 190
Silhouette Marine National Park 1987

Source: Francis i1 E »2002.

All of these MPAs include substantial areas of coral reefs,
however, recent assessments indicate that there are still a
number of important coral reefs areas which should be
included in MPAs in all of these countries (Payet, 2004).
Within its research programme CORDIO has assisted
and supported monitoring within and outside MPA’s.

STATUS OF THE REEFS

The status of coral reefs in the Indian Ocean is reported
in the ‘State of the Coral Reefs 2004’ report, through the
contribution of CORDIO experts (Ahamada ez 4.,
2004). This summary provides an update to that report.

Comoros

Monitoring of coral reefs in Comoros is undertaken at
20 sites on the three main islands in the group. Monitor-
ing has been ongoing since the 1998 mass coral bleaching
event, and in many areas coral recovery has been ob-
served.

However, reported coral recovery has been modest. In
some areas (Isandra Island), coral cover has increased from
36% in 2003 to 42% in 2004. Ouani (Ajounan Island) re-
mains one of the most intact and diverse reef within the
Comoros which deserves better management, although
it was also affected by the 1998 bleaching. In some areas
such as Bimbini reef (Anjouan Island), live coral cover
has actually decreased from 24% in 2003 to 18% in 2004,
primarily due to a proliferation of sea urchins and also
pressure from trampling and anchor damage. Conserva-
tion efforts at the Moheli Marine Park (Moheli Island)
indicate that coral reef recovery is enhanced when areas
are protected and human intervention reduced.

Surveys undertaken in 2005 (Ahamada, 200s) indi-
cate a 48.8% increase in coral cover in Isandra Island, a
slight increase over 2004. However, in Ouani, the extent
of recovery from 2003 to 2005 ranges up to 61%. Exten-
sive stands of branching and tubular Acropora species
which are currently unprotected at this site continue to
be threatened by human intervention.
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Madagascar

Due to its large coastline, coral reef monitoring sites
around Madagascar are separated by large distances and
also exposed to various local conditions which can influ-
ence recovery. For example, sites such as Dzamandjar
(on the north-west coast) saw a decline in live hard coral
cover (LHC) in 2004, whilst in Foulpointe (on the east
coast) LHC has increased, despite high levels of sediment
input in that region. At the ‘Grand Recif” in Toliara (on
the south-west coast), no significant change in coral cov-
er has been reported. Overall human impacts on coral
reefs in Madagascar include sediment discharge from
unsustainable land-use practices and fishing pressure has
not diminished and remains largely unmanaged. Natural
events such as cyclones also impact on coral reefs, in par-
ticular unconsolidated ones.

Mauritius

Coral bleaching was also observed in the lagoons of Mau-
ritius in 1998 during regular coral reef monitoring. How-
ever, the percentage of bleached corals was less than 5% at
all the sites surveyed (7 sites). Follow up surveys in 1999
showed that the coral reefs exhibited marked recovery. In
2003, further bleaching of corals was observed in late Feb-
ruary but by June, 97% of the bleached corals had recov-
ered. Coral cover dropped by 11% to 37% in 2002. Likewise,
in 2004 almost 60% of the corals were affected by bleach-
ing during the warmest month (March) but by July most
of these affected corals had recovered. Overall, Mauritius
reported a higher coral mortality at all of the sites due to
the 2004 bleaching episode than previous episodes.
Coral cover at the Blue Bay Marine Park remained
stable at 91%. Substantial stand of Acropora sp. (59%) re-
main, primarily as a result of intensive conservation ef-
forts by the Mauritius Government from human inter-
vention, mainly from hotel and tourism development.

Seychelles

Most of the shallow reefs in the Seychelles archipelago
were bleached in 1998. Seven years after the bleaching

event, recovery of coral communities has been variable,
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although recovery has been hampered by recurring
bleaching events in 2002 and 2003. In 2000, mean LHC
was only 3% (surveys done at 22 sites), but in 2004 mean
LHC was 10.2% (surveys done at 48 sites) a significant
increase despite the recurring bleaching events.

Detailed coral reef surveys of Cosmoledo Atoll in
2002 showed that bleaching-related mortality had been
quite severe, despite its remoteness from human popula-
tion (Souter et 4l., this volume). Coral mortality in the
lagoon was very high, with 95% of the large colonies of
Acropora completely decimated.

Recovery rates on carbonate reefs were found to be
much slower than on granitic reefs. This may be due to
the greater stability of granitic reefs compared with car-
bonate reefs (Payet e al., this volume). The majority of
reefs with high rates of recovery are found in MPAs.

ASSESSMENT OF TSUNAMI DAMAGE

Seychelles was the only country within this CORDIO
node to have reported damage to its coral reefs as a result
of the tsunami of 26 December 2004 that affected many
countries in south-east Asia and the Indian Ocean. A
rapid assessment of the damage was undertaken by
CORDIO and IUCN in February 2005 (Obura & Ab-
dullah, 2005). Coral reefs were found to be particularly
vulnerable to physical damage from the tsunami waves
due to the weakened reef structure and bio-erosion as a
result of the recent bleaching events. The survey revealed
little direct damage caused by the tsunami on coral reef
habitats, with the majority experiencing 5% reduction in
coral cover, especially in unconsolidated reef areas. How-
ever, greater than 50% substrate damage and greater than
25% of direct damage to corals was observed in northern
and eastern-facing carbonate reef sites.

CLIMATE CHANGE IMPACTS

As a result of the 1998 coral bleaching due to elevated sea
surface temperatures (SST), research aimed at predicting
the occurrence of such bleaching events is being under-



taken. Sheppard (2003) using mean historical SSTs (from
1871 to 1999) in combination with the HadCM3 climate
model (IS92a climate scenario) generated forecast SST
for the period 2010—2025. The results of this modelling
work indicated that reefs found at latitudes between 10—
15° south in the western Indian Ocean will be affected by
elevated SST every s years. Although areas outside of this
geographical range will also be affected, the model does
not give clear results. Such predicted coral bleaching
events will have serious impacts on ongoing conserva-
tion efforts and coral recovery.
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ABSTRACT

‘The majority of shallow reefs in the Seychelles suffered extensive
damage as a result of the 1998 mass coral bleaching event, despite
low levels of direct human impacts. This paper explores the his-
torical status of coral reefs of Seychelles and considers the nature
and future trends in factors that will affect recovery of coral reefs
in the Seychelles inner islands. We have used data obtained from
several coral reef monitoring programmes undertaken after the
1998 bleaching event to examine recovery rates on granitic and
carbonate reefs and in protected and unprotected areas. Seven
years after the bleaching event, recovery of coral communities
has been variable. Recovery rates on carbonate reefs were much
slower than on granitic reefs, which might be attributable to the
greater stability of granitic reefs compared with carbonate reefs.
‘The majority of reefs with high rates of recovery are found in
Marine Protected Areas (MPAs). These findings have serious
implications for management and also require further studies.
Subsequent phases of the CORDIO project will investigate how
and why these recovery rates are being observed, and what man-
agement options can be considered to maintain or increase those

rates of recovery.

INTRODUCTION

The coral reefs of the Seychelles have been described as
being one of the most extensive networks in the Western
Indian Ocean (Jennings ez 4l., 2000). However, most
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historical studies and monitoring, as early as 1820, have
primarily focused on the granitic islands and Aldabra
(Stoddart, 1970). This is probably due to the accessibility
of these islands. Recently, studies have also focused on
Cosmoledo (Sheppard & Obura, 2005), several atolls in
the Amirantes group (Wendling e 4l., 2003) and Al-
phonse (Hagan, 2004) in order to better understand the
impacts of the 1998 mass coral bleaching and the subse-
quent recovery of coral reef communities. The most
comprehensive assessment of the coral reefs within the
inner granitic islands was done through the Global Envi-
ronment Facility (GEF) funded Seychelles Marine Eco-
system Management Programme (SEYMEMP) from
2000-2004, where 81 coral reef sites (figure 1, table 1 on
page 134-135) were monitored using fine-scale monitor-
ing techniques. The Regional Coral Reef Monitoring
Programme of the Indian Ocean Commission (COI)
also monitored several sites in the Seychelles, especially
in the marine parks, and formed the basis for the produc-
tion of reports to the Global Coral Reef Monitoring
Network (GCRMN) (Ahamada et /., 2002, 2004). The
CORDIO programme in Seychelles focussed its work
on socio-economic aspects and an expedition to Cos-
moledo atoll in 2002. The current focus of CORDIO in
Seychelles is to study coral reef recovery, management

approaches to enhance recovery and the socio-economic



Figure 1. Location of the coral

reef monitoring sites
between 2000 and
2004.
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Table 1. Location and geological base of the coral reef sites monitored between 2000 and 2004. Under ‘Type’ C repre-
sents carbonate reefs and G represents Granitic reefs

Number Latitude (UTM) Longitude (UTM)
1 lle Therese South point G 322781.15 9482596.07
2 lle Therese South East reef C 323407.21 9483025.23
3 lle Therese north East reef C 322528.98 9483762.70
4 lle Therese North rocks G 322125.53 9483134.42
5 Conception North East point G 319326.27 9484210.40
6 Conception North West rocks G 318057.61 9484803.72
7 Port Launay South West point G 321615.17 9485006.30
8 Port Launay South reef ] 321954.00 9485526.00
9 Port Launay South East reef C 322125.00 9485802.00

10 Cap Matoopa North West point G 318638.38 9486480.60

11 Baie Ternay North West reef C 318906.08 9487091.73

12 Baie Ternay South West reef C 319738.70 9486801.64

13 Baie Ternay Central reef C 320081.35 9486913.92

14 Baie Ternay North East rock G 319489.28 9487699.72

15 Rays point G 319919.73 9488093.54

16 Willie's bay point G 320272.39 9488465.73

17 Willie's bay reef C 320429.00 9488352.00

18 Anse Major reef C 320869.46 9488527.60

19 Anse Major point G 320832.64 9488836.86

20 Black Rock G 321999.14 9489510.04

21 White House rock G 323100.22 9489487.56

22 Auberge reef C 323414.81 9489510.04

23 Corsaire reef C 323819.29 9489644.86

24 Aquarium reef C 324192.87 9490810.55

25 L'ilot West rock G 325819.07 9495914.53

26 L'llot North West rocks G 326085.07 9496019.53

27 Brissare North rock G 331776.85 9497832.75

28 Ste Anne North point G 333793.92 9491777.09

29 Ste Anne South East point G 335060.71 9490572.41

30 Ste Anne South Central reef C 334627.86 9490161.70

31 Ste Anne South reef C 333796.43 9489869.57

32 Moyenne North East reef C 334650.00 9489468.00

33 Moyenne East reef C 334950.88 9489237.57

34 Beacon North West reef C 336147.00 9489862.00

35 Beacon South West rock G 336335.66 9489734.75

36 Harrisson East rock G 340521.00 9488311.00

37 Harrisson South rock G 340345.00 9487985.00

38 Anse Aux Pins Central reef C 337622.00 9479602.00

39 Anse Aux Pins South reef C 337326.00 9477607.00

40 Cousine South East point G 350550.73 9518981.49

41 Cousine North East reef C 349976.03 9519607.23

134



Number Latitude (UTM) Longitude (UTM)

42 Cousine North West point G 349311.49 9519416.35
43 Cousin South West reef C 351271.91 9520863.19
44 Cousin East reef C 351823.00 9520935.00
45 Cousin North East reef C 352015.00 9521450.00
46 Praslin North East rock G 356675.39 9525727.00
47 Curieuse West rock G 357165.33 9526318.64
48 Curieuse North West rock G 357495.61 9527247.89
49 Curieuse North Central rock G 358453.00 9527210.18
50 Curieuse Point Rouge G 360670.00 9526976.00
51 Coral Garden C 360150.00 9526094.00
52 Anse Petit Cours C 358977.00 9523699.00
53 St Pierre North East rock G 361528.00 9524783.00
54 St Pierre North West reef C 361386.43 9524636.61
55 St Pierre South East rock G 361544.04 9524517.36
56 St Pierre East rock G 361684.00 9524612.00
57 Round island South East rock G 365404.96 9520123.88
58 Round island South West rock G 365149.35 9520123.88
59 Ave Maria South rock G 364114.00 9518234.00
60 Ave Maria South West rock G 363836.50 9518080.07
61 Roches Boquet G 368812.00 9522764.00
62 La Digue Central West reef C 369188.75 9517665.05
63 La Digue South West reef C 369957.07 9516046.90
64 Petite Soeur Central West reef C 372791.00 9526100.00
65 Petite Soeur South East rock G 373569.02 9525806.52
66 Grand Soeur South West reef C 374176.00 9525558.00
67 Grand Soeur South West rock G 374467.25 9525181.71
68 Grand Soeur South East rock G 374985.65 9525086.05
69 Albatross rock G 374269.91 9524542.55
70 lle La Fouche North East rock G 374049.00 9523638.00
71 lle La Fouche South East rock G 373827.00 9523566.00
72 Coco Island South East reef C 374272.00 9523244.00
73 Felicite North West reef C 374063.00 9521954.00
74 Felicite South West reef C 375274.00 9520728.00
75 Felicte South East rock G 376575.59 9520759.34
76 Marianne Central West reef C 379696.00 9520037.00
77 Marianne South West reef C 379938.00 9519087.00
78 Marianne South East rock G 380571.00 9519026.00
79 Aride South West reef C 351175.67 9534363.61
80 Aride South Central reef C 351915.73 9534170.47
81 Aride South East reef C 352596.00 9534149.48
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impact of coral bleaching on local communities, espe-
cially fishermen, as well as supporting basic monitoring
and capacity building.

This paper presents an overview of the historical status
of coral reefs in Seychelles, and how this has changed as a
result of local impacts and also the effects of mass bleach-
ing. Using data collected since the bleaching event, recov-
ery rates of coral reefs around the granitic Seychelles was
computed and analysed against future trends and likely

lands, atolls (e.g. Aldabra and Cosmoledo) and platform
reefs (e.g. around islands of the Amirantes). The coral
reef areas of the Seychelles have an estimated cover of
about 1 69okm? (Spalding ez /., 2001) of which 40 km*
are in the granitics (Jennings ez al., 2000). There are more
than 300 known species of corals from the Seychelles
(Veron & Stafford-Smith, 2000). A recent expedition to
the southern Seychelles atoll of Aldabra and Cosmoledo
recorded 201 of these species (Sheppard & Obura, 2005).

scenarios of elevated sea-surface temperature extremes. Table 2 summarises the characteristics of those reefs.
Prior to the 1998 coral bleaching event the coral reefs

of the Seychelles was described as supporting a growing
THE STATUS OF CORAL REEFS

IN THE SEYCHELLES

Coral reefs in Seychelles can be classified into three main

artisanal fisheries sector and to have remained relatively
undamaged except for a certain amount of anchor dam-
age, land reclamation on the east coast of Mahe and land

groups: fringing reefs — characteristic of the granitic is- based sources of pollution (Salm ez al., 1998). The most

Table 2.

Reef characteristics around some of the main islands of the Seychelles

Island Reef Type Total area  Total area Area Reef width Lagoon area
(km?) of island (km?) of reef (km?) (m) (km?)
Mahe Fringing 173.91 156.88 17.03 75- 1400 -
Praslin Fringing 66.02 37.85 28.17 135- 3100 -
La Digue Fringing 12.75 9.82 2.93 50- 630 -
Curieuse Fringing 3.47 2.74 0.73 40- 275 -
St.Anne Fringing 2.85 219 0.66 45— 440 -
Cousine Fringing 0.74 0.24 0.50 70- 440 -
Cousin Fringing 0.78 0.29 0.49 110- 305 -
African Banks Platform 4.14 412 0.02 300- 1 050 -
Coetivy Platform 15.44 6.50 8.94 230- 600 -
D’Arros Platform 3.81 2.21 1.60 100- 750 -
Platte Platform 10.36 9.91 0.45 230- 1630 -
Providence-Cerf  Platform 138.07 135.75 2.32 Not Available -
Aldabra Raised platform 371.89 152.55 28.94 60- 660 190.40
Assumption Raised platform 14.43 11.01 3.42 100- 390 -
Astove Raised platform 16.16 5.36 4.20 135- 440 6.60
Cosmoledo Raised platform 139.17 4.44 70.36 600- 5000 64.37
St Pierre Raised platform 1.71 1.71 - - -
Alphonse Raised platform 19.26 1.60 12.79 100- 2 100 4.87
Farquhar Raised platform 268.48 7.37 160.55 4 400-11 000 100.56
St Francois Raised platform 48.73 0.32 34.45 200- 3 500 13.96
St Joseph Raised platform 23.09 1.35 17.34 220- 2700 4.40
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significant impact on coral reefs occurred in 1998 when a
widespread bleaching event resulting from globally ele-
vated sea surface temperatures caused extensive mortality
among corals affecting as much as 90% of the coral cover
down to depths exceeding 15m in some areas of the Sey-
chelles (Lindén & Sporrong, 1999).

Due to the recent bleaching event in 1998, the status
of Seychelles reefs has significantly changed. Long-term
analysis of sea surface temperature data extracted from
the Hadley Centre in UK suggests that the 1997-1998
warming was the highest during the last 37 years (Spen-
cer et al., 2000), and seems to be closely associated with
El Nifo years, although Webster ez al. (1999) has argued
that ocean warming in the Indian Ocean may occur even
in the absence of El Nifo.

The status of coral reefs around Mahe was assessed in
late 1999 by Turner e a/l. (2000) and Engelhardt (2000),
which was focussed on the east coast and Ste Anne Ma-
rine Park and the north-west coast respectively. They
concluded that the living hard coral cover (LHCC) on
most of the shallow coral reefs of the granitic islands had
declined to less than 10%, which in effect constituted a
loss of between 15% and 70% of the coral cover in many
areas. It was found that the branching and tabular Acro-
pora, and branching Pocillopora species suffered the most
while Porites was more resilient. Similar observations
were reported by the Regional Coral Reef Monitoring
Programme of the Indian Ocean Commission (COI)
which recorded 95% bleaching-related mortality of Acro-
pora (Bigot et al., 2000). However, massive corals from
the genus Porites and Goniopora were observed to have
survived throughout the inner islands.

Although mortality among corals was extensive and
the diversity at most sites surveyed was low following the
1998 mass bleaching event, no extinctions have been re-
ported, rather the abundance and distribution of species
have reduced. This finding has important implications
for recovery and the probability of future recruitment
from within the region (Engelhardt, 2000; Lindén &

Sporrong, 1999).

CURRENT AND FUTURE THREATS
TO CORAL REEFS

The quality of coral reefs in the Seychelles, particularly in
the granitic islands, has declined significantly as a result
of the 1998 coral bleaching event and growing human
impacts (Engelhardt, 2004). Whilst the majority of
threats act directly on coral reefs, the threat of global
warming and further elevation of the sea surface tem-
perature for sustained periods is the sole threat that could
virtually eliminate viable coral populations in the West-
ern Indian Ocean region (Sheppard, 2003). It is also
feared that further development of coastal fisheries and
tourism could result in considerable degradation of the
remaining and more resilient reefs. At least five impor-
tant threats to the coral reefs of the Seychelles are empha-
sized here:

1. Reclamation, Mining and Sedimentation

Extensive reclamation has occurred on the east coast of
Mahe, and small areas have also been reclaimed on the
other granitic islands to meet demand for land, since
land is extremely scarce in the Seychelles (Payet, 2003).
Reclamation on shallow reef flats completely eliminates
coral reef ecosystems, and associated impacts such as silt
from dredging can affect adjoining reef areas for many
years if proper mitigation measures are not implemented.
The Ste Anne Marine Park, for example, shows evidence
of such sediment-related stress following chronic sedi-
mentation from dredging activities on the east coast of
Mabhe since the early 1980s (Robinson, 1999).
Sedimentation from land-based activities further in-
land is also of concern as this fine silt is carried by rivers
during periods of heavy rainfall. A red colouration due to
erosion of the lateritic soils is also observed within several
kilometres of the coast following intense rainfall on the
granitic islands. Such sedimentation is mainly a result of
heightened development and construction on the steep
slopes, as opposed to deforestation which leads to similar
effects in other countries. Strict guidelines for minor works
and rainy season restrictions have been implemented to
reduce the impacts of these types of developments.
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2. Impacts from Tourism Activities

Tourism activities have several impacts on coral reefs in
Seychelles. These include direct damage from anchors
and trampling during snorkelling and diving, and indi-
rectly during hotel construction and operation. Whilst a
series of mooring buoys are currently being installed in
the critical coral reef areas, there are still reports of an-
chor damage (Bijoux, J., pers. 0bs.). Trampling through
poor visitor management at coral sites is a common
problem caused by tour operators who wish to bring the
maximum number of passengers to a particular site.
Tourism can also affect coral reefs through the discharge
of untreated sewage and sediments. This was the case
with hotels that were built before the 1990s in the Sey-
chelles. Today, it is a legal requirement that all hotels
have to meet stringent effluent water quality standards
and offshore outfalls are not encouraged. The environ-
ment impact assessment (EIA) process is mandatory for
all such large developments and many of these threats are
addressed in such a process (Payet, 2003).

3. Fishing Pressure

Reef fisheries have shown a considerable decline in catch
per unit effort (CPUE) over the last 10 years (Grandcourt
& Cesar, 2003). This is related to increased fishing pres-
sure but also to the overall degradation of coral reef
health. There is also evidence of trampling by fishermen
when laying and removing their traps. All forms of de-
structive fishing, including spear guns, are banned in the
Seychelles, and there are few records of historical use of
such destructive practices. Recently, inhabitants of Pras-
lin have used the argument of declining fish catches to
lobby the Government of Seychelles for fishing rights to
be granted within marine parks. The Government re-
fused on the basis that the particular marine park in
question protected highly resilient reefs that supported
high coral cover and species diversity and were recover-
ing rapidly from the 1998 mass bleaching event and that
marine parks, in general, play an important role in fish-

eries.
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4. Disease and Invasive Species

Disease and other invasive species have not been ob-
served in any significant abundance on the reefs of the
Seychelles. Localised outbreaks of the crown-of-thorns
starfish (COTS, Acanthaster planci) have been reported
since 1996 (Engelhardt, 2000). Populations of COTS are
controlled through physical removal. Coral diseases are
not widespread, but black-band and white-band diseases
have been observed in several areas around Mahe (Engel-
hardt, 2004). The threat from the release of invasive spe-
cies from ballast water is real, and a research project with
CORDIO-IUCN support is currently being undertaken
to determine the extent of this threat.

5. Climate Change and Global Warming

Coral reefs have narrow temperature tolerances, and
many SST projections (Nurse ez al., 2001) suggest that
the thermal tolerance of reef-building corals will be ex-
ceeded within the next few decades. Hoegh-Guldberg
(1999) predicts that the incidence of bleaching will in-
crease, and recent evidence indicates that the ‘episodic’
warming of the sea-surface (e.g. during El Nifo years)
can lead to significant coral bleaching.

Increase of CO, concentrations in the oceans is
thought to have a direct impact on calcification processes
in coral reefs. No such work has yet been done in the
Seychelles but Kleypas et a/. (1999) estimate that the cal-
cification rate of corals would decline by approximately
14—-30% by 2050.

METHODS

Coral Reef Monitoring

Coral reef monitoring was conducted at 78 sites in the
Seychelles granitic islands from November 2000 to Feb-
ruary 2004 as part of the coral reef component of the
Global Environmental Facility (GEF) sponsored Sey-
chelles Marine Ecosystem Management Programme
(SEYMEMP). The number of sites monitored for each



Table 3.

Number of coral reef sites surveyed in each of the monitoring sessions

Jul -01
V.. ubiEDOAI" VET VET
Jei>*E °E,iivAEAOAUIBO" 40
e°EV>ALe">1iEAIIiVAEABAOIPI® 22
®°E}A>""I"VEAIIiVAEAOADibPI" 18

Jul 02
LIT LIT LIT LIT LIT
44 42 36 50
20 20 16 26
24 22 20 24

period is given in table 3. Sites were monitored biannu-
ally, annually or as one-offs for greater geographical cov-
erage. The design and subsequent implementation of
this component was contracted to Reefcare International
based in Townsville, Australia. Field data was collected
with the support of the Marine Unit in the Ministry of
Environment and various other organisations on a less
formal basis. The visual estimation technique (VET) was
used for data collection in 2000 and 2001 while line in-
tercept transects (LIT) modified according to Engelhardt
(2004) were used from 2002 to 2004.

Visual Estimation Technique (VET)

The VET estimated live hard coral cover (LHCC) in in-
cremental classes of 10%. A small increment of 5% was
used where LHCC was found to be extremely low
(Engelhardt, 2004). For each site, the mean LHCC was
calculated from the estimated LHCC from ten 10 m seg-
ments using the mid-point of the appropriate class as the
estimate of LHCC for each segment.

Line Intercept Transect

For each 50 m LIT, each substrate type bisected by the
transect was recorded in three 10 m segments that were
separated by 10 m. All transects were laid obliquely so
that the entire depth profile of the reef could be sampled
and as such the o—1om transect always corresponded to
the shallowest depth and the 40-50 m transect always
corresponded to the deepest depth. At each site, data
were collected from a minimum of six 10 m segments.
Data describing the live benthic cover were recorded ac-

cording to 9 categories: coral of the genus Acropora, coral
of the genus Pocillopora, branching non-Acropora, en-
crusting coral, massive coral, fungiid corals, soft coral,
macro algae and zoanthids, and corallimorphs.

Calculating Pooled Yearly Recovery Rate

Two different rates of recovery were calculated. The first
approach calculated the pooled yearly rate of recovery

(PYRR) for all carbonate reefs and all granitic reefs be-
tween each survey using the equation:

PYRR=2( i>"E EveAE«iBAjiE"ES EveAE(sA)ce"
where Xisa monitoring session and X — 1 is the monitor-
ing session 6 months earlier.

Since monitoring was done every 6 months, the cal-

culated rate was multiplied by 2 to get a yearly rate.

Calculating Site Specific Recovery Rate

A sub-sample of the data was used for calculating site
specific recovery rate. Only sites at which monitoring
had been carried out in 2004 and where monitoring has
been conducted at least three times since November
2000 were selected. This was to ensure that the status of
the reefs in 2004 was taken into account and that there
were sufficient yearly recovery rates from which longer-
term (4 years) mean recovery rate could be calculated.

Site specific recovery rate (SSRR) was calculated us-
ing the equation:

i>"E EveAE«IAJiEE"E8 EvaeAE (A e’
ssr=12 ( d i)

139

O“LiAEcevE“ce™l...AELIIUIi"E*e” " Tee’A""}EAIAA



where X is a monitoring session and X — 1 is one moni-
toring session before and 12 is the number of months per
year.

For both PYRR and SSRR, value of less than 0% was
taken to indicated a negative rate of recovery, whereas
value between 0—2% , 2.1-5% and >5% were taken to rep-
resent low, medium and high rate of recovery respectively.

RESULTS

Monitoring the recovery of coral reefs from the devastat-
ing effect of the 1998 mass coral bleaching event in the
Seychelles inner islands began in 2000 (Engelhards,
2000). Overall, a positive trend in recovery is being ob-
served despite the fact that the reefs were again affected
by coral bleaching events of 2002 and 2003 brought
about by sustained and elevated sea-surface temperatures
(figure 2). Combined data for carbonate and granitic reef
is showing an exponential increase in mean live hard
coral cover. However, there are considerable differences
in the rate of recovery between carbonate and granitic
reefs. The granitic reefs are experiencing a strong expo-
nential increase (R* = 0.917) in live hard coral cover
whereas carbonate reefs are experiencing a weak linear
increase (R* = 0.5454) (figure 3).

BMRC/NMC Global SST Analysis
Week Ending 21 Apr 2002

Calculated yearly rates of increase in LHCC was af-
fected by the previously mentioned coral bleaching
events in 2002 and 2003 on both carbonate and granitic
reefs. The 2002 bleaching event, in particular, caused a
negative rate of recovery in carbonate reefs, where it
dropped from 1.47% yr™ for the Jul o1 to Feb o2 period to
—3.84% yr™ for the Feb 02 to Jul 02 (table 4), the period
in which the bleaching event occurred. On the other
hand, results indicate that on the granitic reefs, the 2002
coral bleaching event did cause a reduction in the recov-
ery rate but did not result in an overall negative rate of
recovery for the period from 2000 to 2002 in which re-
covery was being measured. The 2003 coral bleaching
event had a greater negative impact on granitic reefs as it
reduced recovery rate from 6.02% yr™ for the Jul 02—Feb
03 period to a negative recovery of —2.06% yr™, implying
that the effect of this post-1988 bleaching event actually
resulted in an effective decrease of 8.08% yr in coral reef
recovery. It is interesting to note that after the 2002 coral
bleaching events both carbonate and granitic reefs en-
tered into a phase of high recovery with 7.72% and 6.02%
yr' LHCC recovery respectively. High rate of LHCC re-
covery was again observed for granitic reefs after the 2003
coral bleaching event with recovery reaching 11.90% yr~,
the highest level recorded since the 1998 coral bleaching

BMRC/NMC Global SST Analysis
Week Ending 11 May 2003

E 4E {E nkE £0E £EE 04k o
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Figure 2. Remotely sensed sea surface temperature (SST) data identifying areas of warm sea water above 30°C during
the coral bleaching event in a) 2002 and b) 2003. Source: Australian Bureau of Meteorology.
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Figure 3. Trends in the recovery of carbonate and granitic reefs in the Seychelles inner islands between November 2000

and February 2004.

Table 4. Percentage yearly rate of increase

in LHCC (% yr)

Carbonate Reefs Granitic Reefs

Nov 00-Jul 01 -0.38 0.60
Jul 01-Feb 02 1.47 5.04
Feb 02-Jul 02 -3.84 0.10
Jul 02-Feb 03 7.72 6.02
Feb 03-Aug 03 -0.08 -2.06
Aug 03-Feb 04 -1.16 11.90

Table 5. Percentage of carbonate and granitic reefs
within the different calculated recovery poten-

tial categories

Mean rate Carbonate Reefs Granitic Reefs
of recovery (n=16) (n=13)
Negative (<0% yr') 25 7.69
Low (0-2% yr™) 37.5 7.69
Medium(2-5% yr')  31.25 46.15
High (<5% yr ) 6.25 38.46

event. This was not the case for carbonate reefs on which
a general trend of degradation was observed on subse-
quent surveys after the event.

Site specific mean rate of recovery calculated from a
sub-sample of 29 reef sites (13 granitic, 16 carbonate)
showed that 17% of all sites were undergoing further deg-
radation (negative recovery) while 24% of the sites had
low rates of recovery of between o—2 % yr™ and 38 and
21% of the sites had medium (2—5% yr™) and high rates
(>5% yr™) of recovery respectively (table 5). Comparison
between carbonate and granitic reefs showed that 84.5%

of the granitic reefs had recovery rates which were higher
than 2% yr™ compared to 37.5% of carbonate reefs. Im-
portantly 25% of carbonate reefs was degrading (negative
recovery) as opposed to 7.69% of granitic reefs.

From our sub-sample, 8 sites stood out from the rest
with high rates of recovery gaining close to or above 5%
LHCC per year (figure 4 on next page). Out of these 8
reefs, 6 were of granite base and 2 of carbonate base, dis-
playing once again the overall greater ability of granite
based reefs to recover from coral bleaching events. Fur-
ther more 5 of the sites are found in formally protected
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Figure 4. Site specific medium term (4 years) yearly recovery potential of sub-sample of monitored reef sites. Sites from
Marine Protected Areas have red borders on the figure.

areas. It should be noted that high rates of recovery how-
ever does not always relate to high percentage LHCC.

DISCUSSION

Coral reef recovery rates have been determined using short-
term monitoring data, without recourse to changes in other
factors such as environmental and natural growth condi-
tions of particular reef sites, as well as species diversity (e.g.
Jennings ez al., 2000). However, the objective was to be
able to determine whether such an approach could show
the nature of this variability and how it may relate to man-
agement of bleached areas and also long-term prospects.
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Analysis of monitoring data since 2000 (2 years post-
bleaching) indicates very clearly that coral reefs in the
Seychelles inner islands are recovering. The overall expo-
nential increase in % LHCC from 2000 to 2004 is
strongly influenced by granite base reef sites for which
pooled data indicate an even higher rate of exponential
increase. The strong exponential rate of increase in %
LHCC for granite based reefs as opposed to the weak
linear increase for carbonate reefs clearly outline the
greater resilience of granite reef to carbonate reefs. There
are several possible explanations for the observed differ-
ence in mean % LHCC between the granite based and
carbonate based reefs.



The greater stability of granitic reefs over carbonate
reefs is thought to be an important factor for the ob-
served differences. More stable granitic reefs means that
there are more suitable areas for the recruitment of coral
spat and lower post recruitment mortality resulting from
movement of rubble resulting from wave action. It is ex-
pected that granitic reefs are also suffering from lower
level of indiscriminate grazing by invertebrates such as
the black spined sea urchins (Diadema sp. and Echinotrix
sp.) as compared to carbonate reefs. This is mainly due to
the higher 3-dimensional nature of granite based reefs
which limits access to grazing invertebrates. Better shed-
ding of sediments, as a result of their high 3-dimensional
morphology, by granitic reefs may also be significant in
promoting reef recovery as it provide bare sediment free
substrate for improved coral spat recruitment as few cor-
al larvae settle on sediment-covered surfaces (Fabricius,
2005.).

However, all of these reefs will continue to be exposed
to future coral bleaching events, such as those that were
recorded in April 2002 and 2003. Whilst the 2002 bleach-
ing reduced the rate of coral reef recovery on both gra-
nitic and carbonate reefs, recovery was actually negative
on carbonate reefs and on granitic reefs in 2003. Overall,
both granitic and carbonate reefs bounced back after the
2002 event with high rates of LHCC recovery. The pe-
riod after the 2002 bleaching event exhibited the highest
ever rate of recovery for carbonate reefs and it was the
only period in which overall recovery on carbonate reefs
(7.72 % yr™) exceeded that on granitic reefs (6.02% yr™).
A somewhat different scenario was seen in the period
after the 2003 event when recovery on granitic reefs
reached its highest level so far recorded at 11.90% yr.
The carbonate reefs however experienced continued
overall degradation at a rate of —1.16% yr".

At present, there is no scientific explanation with re-
gards to the increase rate of recovery observed on granitic
and carbonate reefs after the 2002 bleaching event and
on granitic reefs after the 2003 event, although it may
indicate the acquisition of resilience by the reef system.

Continuous decreases in mean LHCC on carbonate reefs

could be the result of degradation of the carbonate reef
structure which is being aggravated through time espe-
cially through bio-erosion which is not as important on
granite reefs.

Site specific rates of recovery for the chosen sub-
sample of carbonate and granitic reefs showed that 17%
(25% carbonate and 6.69% granitic reef sites) of the reef
sites were not showing any real signs of recovering. Reefs
showing relatively high rate of negative recovery are
clearly noticeable on figure 4 and includes the carbonate
reefs of Corsaire and Ile Thérése and the granite reef of
Brissare.

Degradation of the carbonate Corsaire reef can be at-
tributed to high cover of soft coral which is slowly taking
over the reef; as a result of high levels of nutrients found
in the bay of Beau Vallon (Jennings etal., 2000). In 2004,
the Beau Vallon area was integrated in the wider Greater
Victoria centralised sewage treatment system thus limit-
ing the amount of sewage derived nutrients into the bay.
It is expected that within a short time period the water
quality of the area will improve and will create better
conditions for reef building organisms to resettle.

The carbonate reef at Ile Thérése is more or less 2-
dimensional in nature with a gentle slope and lots of
coral rubble. The coral rubble may be breaking adult cor-
als and killing recruits when it is moved around by wave
action. For these types of reefs, with low rugosity and lots
of rubble, recovery is seriously hampered, and in many
cases only artificial substrate stabilisation may be used to
promote substrate recovery. Pilot studies by the Sey-
chelles Centre for Marine Research and Technology are
currently looking at a number of rubble slope stabilisa-
tion methods as ways of promoting reef recovery. The
most successful method will be used on reefs encounter-
ing the same problem as Ile Thérese.

Degradation of the granitic Brissare reef is probably
due to its high composition of Pocillopora corals. Pocillo-
pora corals are brooders and fast growing. As such, they
are able to cause a rapid increase in LHCC on a reef.
However, Pocilloporids are highly susceptible to elevated
SSTs and bleach easily (McClanahan et 4l., 2004). The
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2002 and 2003 coral bleaching events almost wiped out
the whole Pocillopora community at this site resulting in
the observed degradation.

Five of the eight sites with rates of recovery close to or
higher than 5 % yr1 are found in Marine Protected Areas
(MPAs), indicating that protection can have a positive
effect on recovery potential of bleached coral reefs.
Whilst, recovery rates are not the only important indica-
tor of coral reef health, such a result provides an impor-
tant rationale for continued protection of those reefs.
The annual rate of recovery as used here can be an impor-
tant tool for detecting reefs undergoing degradation or
rapid recovery. However, prioritising sites for manage-
ment on this basis only is not recommended as other fac-
tors such as species diversity (corals as well as other ma-
rine fauna), representativeness, ecological functioning
and socio-economic value should also be considered.

Previous CORDIO status reports and a number of
other scientific publications have been largely silent on
quantifying the nature of the recovery process, primarily
as a result of lack of long-term data. Reef recovery rate
information is important for both coral reef managers
and policy makers in providing a more complete health
assessment of impacted coral reefs (Payet, 2004). Impor-
tantly now, is the need to identify other factors, apart
from geological base and protection, that are promoting
or limiting recovery of coral reefs. These will provide
valuable insights into management actions needed to ad-
dress any major problem and to encourage optimum reef
recovery. This paper has stressed the importance of hav-
ing a long-term and timely implemented coral reef mon-
itoring programme. Future data collection, especially in
the face of the predicted increase in the frequency of cor-
al bleaching events, will shed more light on whether
there is increased resilience to regain LHCC following
successive but low-levels of bleaching episodes. One of
the important arguments for conservation of resilient or
unbleached corals is their potential roles in facilitating
coral reef recovery. Hence, there is a need to identify the
more resilient reefs and provide them with higher levels

of protection so that they can effectively act as a source of
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coral larvae to bleached and degraded coral reefs. There is
a need to take an integrated approach to coral reef man-
agement in the Seychelles as it is well known that there
are various other factors that influence the health of coral
reefs (see Souter & Lindén, 2000).
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ABSTRACT

Coral and fish community structure was examined at five per-
manent monitoring sites and several rapid assessment sites on
the leeward reef slope and in the lagoon of Cosmoledo Atoll in
the southern Seychelles in order to assess its current status and
establish a long term monitoring and conservation programme.
The atoll and reef structure of Cosmoledo are characteristic of
atoll reefs, with a steep reef slope below 2530 m, a central
lagoon that is connected to the surrounding ocean by two major
passes through the reef rim, and several islands distributed
around the atoll rim. Almost 200 species of coral were recorded
during the expedition. Coral communities were severely affected
by the EI Nifno of 1998 showing near 100% mortality in the
lagoon and on reef slopes to a depth of 8 m. Deeper reef slopes
(>15 m) supported 20—25% live coral cover, which decreased to
1-5% at depths <10 m. The average number of coral recruits
ranged between s and 6.7 m™ on the slope and 6.8 m™ in the
lagoon. On reef slopes, recruitment was greater at 20 m than 10
m. The species composition of recruits differed from the pre-
bleaching adult community indicating that a shift in the species
composition of the coral community is underway. In shallow
waters on the reef slope, pocilloporids dominated recruit assem-
blages while faviids were most abundant at depth. In the lagoon,
Porites and Fungia recruits were most abundant while the previ-
ously dominant acroporids were rare. More than 200 species of
fish were recorded. Acanthurids were common, large and me-
dium sized serranids were recorded at all sites and lutjanids and
lethrinids were frequently sighted. The obligate corallivores
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Chaetodon trifascialisand C. trifasciatus were rare even where coral
cover was greater. Not a single shark was sighted. While recovery
from coral bleaching impacts is evident, especially below 10 m,

recovery has been slow, particularly in shallow water (<5 m).

INTRODUCTION

During 1998, coral reefs throughout the central and
western Indian Ocean suffered severe coral mortality as a
result of bleaching caused by anomalously high sea tem-
peratures (see Lindén & Sporrong, 1999, and papers
therein). Some of the reefs of the Seychelles were among
the worst affected with coral mortality exceeding 90% in
some places (Quod, 1999; Turner ¢z al., 2000). Recovery
from this bleaching event on other reefs within the inner
granitic islands of Seychelles (Payet ez al., this volume)
and on other reefs in the Indian Ocean (Obura; Rajasur-
yia, Suleiman et al., Zahir ez al., all this volume) has been
slow and highly variable between sites. Often, this varia-
tion is attributable to differences in the magnitude of the
impacts of human activities. Recovery on reefs that are
easily accessible and heavily overexploited or subjected
to destructive fishing, coral mining, pollution or sedi-
mentation is often negligible, while on those reefs that
are managed properly or have escaped serious degrada-

tion, recovery is progressing well. Investigation of the



status of coral and associated fish communities on in-
accessible reefs that are isolated from land-based distur-
bances provides an opportunity to examine the patterns
and rate of recovery in an unperturbed environment en-
abling an assessment of the influence of human activities
on the recovery of reefs elsewhere. In addition, the acqui-
sition of baseline data describing the current status of
coral and fish populations on remote reefs enables the
assessment of the impacts of climate change and the sub-
sequent changes in community structure and composi-
tion in an environment that is not confounded by the
influence of human activities.

Cosmoledo Atoll, along with Astove, Assumption and
Aldabra itself belongs to the Aldabra Group of islands lo-
cated in the southern Seychelles. The Aldabra Group lies
east of the Mascarene plateau at approximately S12° E45°,
about midway between the northern tip of Madagascar
and northern Mozambique in the western Indian Ocean.
Their isolation from significant land masses and depend-
ent human populations makes them ideal locations to
study the impacts of climate change on coral reef ecosys-
tems and the mechanisms by which they are recovering
and adapting. Although a number of surveys of the im-
pacts of bleaching-related mortality of coral and fish com-
munities have been conducted on Aldabra Atoll (Spencer
etal., 2000; Teleki et al., 2000; Stobart et al., 2001, 2002),
the condition of coral and fish communities on Cos-
moledo Atoll following the 1998 El Nifo is unknown.

The data presented in this report were obtained dur-
ing the first scientific expedition to Cosmoledo Atoll.
The purpose of this expedition was to determine the sta-
tus of both the marine and terrestrial environment of
Cosmoledo Atoll, including the coral reefs and their as-
sociated fish and invertebrate fauna, turtle and bird popu-
lations, plants and terrestrial invertebrates. The data
gathered during the expedition established a baseline
against which changes in community structure can be
compared during future monitoring. Another purpose
of the expedition was to assess the species diversity of the
atoll (see Obura & Sheppard, 2005) and make conserva-

tion management recommendations (see Obura ez /., in

press). This paper describes patterns of reef zonation and
reports the current condition of coral and fish commu-
nities and patterns of coral recruitment and reef recovery.

ATOLL STRUCTURE AND DESCRIPTION

Comprehensive descriptions of the granitic and outer is-
lands of the Seychelles were obtained during the Indian
Ocean expedition (Barnes ez /., 1971; Braithwaite, 1971;
Rosen, 1971a, b) and a variety of other investigations
conducted over the last 100 years (Jennings ez al., 2000).
A large literature of marine studies conducted on Aldabra
Atoll has been summarized by Teleki et a/. (1999), how-
ever, Cosmoledo, Assumption and Astove, the other
three islands comprising the Aldabra Group, have re-
ceived little attention.

The four islands of the Aldabra Group are located on a
submarine mountain that rises from the ocean floor 4 coo
m below and are separated by distances ranging from 20 to
60 nautical miles. The islands differ considerably from
each other (Stoddard, 1984), with Aldabra being the larg-
est (365 km?®) and having an almost totally enclosed lagoon,
a deep channel and significant land area (155 km?), and
Cosmoledo (152 km?) having a submerged atoll rim with
scattered small islands (land area § km?). Assumption
and Astove are single islands with similar total size (14.2
and 16 km?, respectively), but with a smaller total land
area on Astove (11.5 and 5.6 km?, respectively). Astove has
a central small lagoon with a single outlet to the sea.

Geologically, Cosmoledo is an uplifted coral reef simi-
lar to Aldabra, and displays many similarities in terms of
marine and terrestrial habitats (Bayne ez al., 1970). It
consists of thirteen small scattered islands and islets on
the atoll rim. The largest island is Menai (figure 1 on next
page), which has an area of about 240 ha and an eleva-
tion of 3.6 to 4.6 m above mean sea level. The second
largest island is Grand Ile (192 ha). The total land area of
the atoll is 5 km?*. The lagoon covers an area of about 80
km?. Inside the atoll rim and the inner shores of the is-
lands extensive shallows several kilometres wide are ex-
posed at low tide. The central part of the lagoon supports
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extensive seagrass beds, sand flats and patch reefs that
reach the surface. Two primary passes between 10-15 m
deep are situated in the southeast and southwest and per-
mit water exchange between the lagoon and surrounding
ocean. Complex channels bisect the central lagoon con-
necting the two passes, with minimum depths of 2—3 m
in the centre of the lagoon.

Allislands on Cosmoledo Atoll are vegetated and have
nesting sea birds and migratory birds in significant num-
bers (Rocamora, 2002). Although the atoll has been un-
inhabited since 1990, periodically there have been human
settlements on some of the islands during the last 100
years. The dilapidated remains of buildings on Menai and
Grande Ile, and the presence of introduced plant species
on the other islands are evidence of the last period of hu-
man occupation during the 1950s. The inhabitants made a
living from guano, sisal and copra production and, of
course, fishing. Today, the absence of a permanent settle-
ment or regular policing of activities conducted on the atoll
leaves it open for poaching of sharks, turtles and birds.

METHODS

All surveys were carried out on the leeward western fore
reef slope, the lagoon and the passes (figure 1). Poor weath-
er and sea conditions prevented investigation of the north-
ern and eastern slopes. Permanent transects for long term
monitoring were established at 10 m and 20 m on the lee-
ward reef slope off Menai and North Islands, and in the
lagoon. All quantitative surveys of benthic and fish com-

munities were conduced along these permanent transects.

Benthic Community

Digital videography was used to record the benthic habi-
tat bisected by each permanent 50 m transect. All video

Figure 1. Map of Cosmoledo Atoll showing its location in
the Aldabra Group of islands, top left (source:
WCMC/Reefbase) and the western Indian
Ocean, top right. The atoll measures approx.
10 km across from east to west.

footage was obtained while swimming at slow speeds in
order to maintain high image quality and to keep the
area of reef recorded by the camera constant. In order to
describe the benthic community, between 48 and so still
images were extracted at timed intervals from the video
footage of each transect. The benthic composition of
each image was analysed by laying a transparent film over
the image on which 20 evenly spaced points were marked.
The substrate type under each point was recorded ac-
cording to the life form categories described by English
et al. (1997). Data were recorded from approximately
1 000 points from each transect. Additional qualitative
observations of reef profile and structure were obtained
at other locations in the lagoon, on the northwest reef
slope, and in the southeast and southwest reef passes.

Differences in the composition of the benthic com-
munity were analysed using a non-parametric permuta-
tion Analysis of Similarities (ANOSIM) procedure
(Clarke, 1993) based on a rank similarity matrix using the
Bray-Curtis similarity measure calculated from square-
root transformed data. Data obtained from each image
was treated as a single sample giving approximately so
samples from each permanent transect. For these analy-
ses, all forms of living hard coral were aggregated into a
single category ‘Live Hard Coral’ and because of their
low abundance and lack of power to discriminate be-
tween sites, data describing the cover of macro-algae,
sponges, seagrasses, and other benthic invertebrates such
as corallimorpharians and zoanthids were combined into
the single category ‘Other’. The resulting benthic cover
categories used to examine differences between sites
were: Live Hard Coral (LHC); Dead Coral with Algae
(DCA); Coralline Algae (CA); Soft Coral (SC); Other
(O); Rubble (R); and Sand (S). A post-hoc SIMPER
analysis (Clarke, 1993) was conducted to identify the
substrate types responsible for differences in the compo-
sition of the benthic community between sites.

In order to estimate the rate of recovery of coral popu-
lations since the coral bleaching event of 1998, the
number of coral recruits within 6-12 1 m*quadrats placed
haphazardly in the vicinity of each permanent transect
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was recorded. All colonies of coral smaller than 5 cm in
diameter were identified to family level and counted. A
2-way nested ANOSIM procedure based on a similarity
matrix using the Bray-Curtis similarity measure calcu-
lated using square-root transformed data was used to de-
termine first, if there were significant differences in the
composition of the recruit community at different depths
at Menai and North Islands, and second, if there were
differences between these two reef slope sites. Differences
in the composition of coral recruits between the reef
slope sites and the lagoon site were investigated using a
1-way ANOSIM procedure.

Fish Community

The fish community was recorded at four locations along
each permanent transect. Using a modification of a point
based visual census technique (Jennings e al., 1996;
Samoilys & Carlos, 2000), the abundances of 11 target
families (Acanthuridae. Balistidae, Carangidae, Chaeto-
dontidae, Serranidae (in this survey limited to the tribe
Epinephelini), Haemulidae, Labridae, Lethrinidae, Lut-
janidae, Pomacanthidae, Scaridae) within a circle with a
radius of 7 m (153 m?), including the overlying water col-
umn, were recorded by two divers conducting two cen-
suses each. Fish smaller than 10 cm were not recorded.
Fish abundances were analysed using simple descrip-
tive statistics. Since the data did not approximate nor-
mality, non-parametric Kruskal-Wallis ANOVA and
Mann-Whitney U-tests were used to examine differences

in abundances of fish among sites. Four families were

excluded from these analyses either because of the low
frequency with which representatives occurred in census
areas (Haemulidae and Carangidae) or the enormous
variation in abundances between locations resulting
from their schooling behaviour (Lutjanidae and Lethrini-
dae). Similarities in fish community structure among
samples were investigated using non-metric multi-
dimensional scaling (MDS), based on rank similarity
matrices using Bray-Curtis similarity measure (Clarke,
1993) calculated using square-root transformed data.

In addition, a cumulative list of fish species was devel-
oped for Cosmoledo Atoll from the results of fish cen-
suses and also from species identified from video record-
ings made elsewhere around the atoll, predominantly in
relatively shallow waters (5—10 m).

RESULTS

Bathymetry

The bathymetry of Cosmoledo atoll is typical for oceanic
atolls, with a steep wall and reef slope with an inclination
of between 80—90° at 40 m and deeper (figure 2). The
depth at which the transition from the wall to the shallow
platform occurred varied between 10 m and 25 m, and
from a sharp edge at the top of the wall to a gradual de-
crease in slope to 10—20°. The main reef platform at 10-20
m depth sloped up gradually to a reef crest that was sub-
tidal (about 1 m midway between Menai and North Is-
lands) to inter-tidal at the islands and scattered islets. In-

Figure 2. Typical reef profile across Cos-
moledo Atoll from the outer reef
wall to the inner lagoon.
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shore of the reef crest, the atoll has an extensive back reef
area with depths <1 m which, in some places, was several
kilometres wide according to navigational charts. The
central part of the lagoon is about 8—10 km across and was
predominantly s—6 m deep with complex channels and
patch reefs that extend to the surface. The majority of the
lagoon floor was sandy and supported extensive seagrass
beds, predominantly 7halassondendron ciliatum.

Benthic Community

Almost 200 species of hard coral were recorded during
surveys conducted during this expedition (Obura & Shep-
pard, 2005). On the leeward reef slopes at depths shallower
than 10 m, the cover of live hard coral (LHC) was gener-
ally only 5% or less, with occasional patches up to 20%.
Evidence of widespread bleaching associated mortality of
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corals was common at these depths, with small and large
coral heads covered by mature coralline and turf algal
communities. In particular, algal-covered skeletons with
the thick-columnar form of Acropora palifera were abun-
dant in the shallow water north of the anchorage at Menai
and along the leeward reef slope. Significant partial mor-
tality of many colonies several years previously was also
suggested by the existence of remnant patches of living
tissue on some of these predominantly dead skeletons.
The cover of LHC was considerably more extensive
on the reef slope deeper than ~8 m and was greater at 10
m than it was at 20 m. At 10 m, North Island and Menai
Island exhibited 33.2% and 29.2% cover of LHC respec-
tively, while at Menai at 20 m, LHC occupied 23.4% of
the substrate (figure 3). The coral community was domi-
nated by massive corals (figure 4), particularly poritids
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Table 1. Summary of the results of SIMPER analyses investigating the contribution of variation in the cover of each sub-
strate type to the overall differences in benthic communities observed between sites

Substrate Type

Average Dissimilarity

SC 10.22
LHC 9.43
S 8.30
DCA 8.19
R 7.46
CA 3.83

Contribution %

>}e® " EqE i">"E A«>""EOA4E"“E UiA>}iE "AA " «>A"IPErE{n°E{

1.13 21.02
1.4 19.38
1.16 17.07
1.23 16.84
1.14 15.34
0.77 7.88

LHC 10.82
SC 8.57
S 8.4
DCA 7.7
R 7.47
CA 3.68

>}ee"EqE i">"E A>""E£4E“E UiA>}iE "AA"“"«>A"IPErE{C°CC

1.49 22.64
1.01 17.94
1.17 17.57
1.11 16.11
1.02 15.64
0.73 7.7

LHC 12.09
SC 10.02
S 9.41
DCA 9.4

R 717
CA 5.83

>}eee "EqE ®Ai...E A«>""E£4E“E UiA>}iE "AA"“"«>A"IPErExx°C£

1.35 21.71
0.98 17.98
1.12 16.89
1.17 16.88
1.02 12.87
1.13 10.47

and a variety of faviids. Branching poritids were com-
mon along the transect at North Island, while encrusting
forms constituted a considerable proportion of the cover
of LHC along both transects (10 m & 20 m) at Menai Is-
land. Acroporids were universally rare and were observed
on the reef slope only in rapid visual surveys conducted
away from the permanent transects. No acroporid corals
were recorded along any permanent transects surveyed
on the reef slope. Species diversity was noticeably low in
the genera Favia, Fungia, Pavona, Millepora, Alveopora,
and Goniopora and some species typically common on
western Indian Ocean reefs were absent or rare, such as
Galaxea fascicularis (rare), G. astreata (absent) and Go-
niastrea pectinata (absent) and Lobophyllia spp.

Between depths of 20 m and 30 m the reef slope
varied: a broader shelf at the anchorage at Menai Island
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was dominated by Halimeda, while steeper slopes exhib-
ited a more diverse coral community, with greater cover
of hard and soft corals and coralline algae. At depths
greater than 30 m, the substrate of the reef slope was
dominated by coralline algae and bare rock surfaces, with
only a small proportion of LHC (<5%). Black coral and
gorgonian soft corals were abundant with some colonies
exceeding 2 m in diameter.

In the lagoon, the cover of LHC along the permanent
transect was only 6.6% (figure 3) and was ubiquitously
low throughout the remainder of the lagoon. As on the
shallow outer reefs, evidence of severe coral mortality ap-
proaching 100% was ubiquitous. At the boat anchorage,
large dead Millepora colonies up to 1—2 m high were
common. Living colonies of Acropora were recorded
along the transect (figure 4), although most either were



Substrate Type

Average Dissimilarity

Contribution %

SC 8.87
LHC 8.26
DCA 7.30
R 6.69
S 5.71
CA 4.28

"EO&E“E UiA>}iE "AA " +>A"IPErE{T°4ax

0.91 20.60
1.256 19.19
1.156 16.95
0.92 15.55
1.07 13.27
0.90 9.95

LHC 9.75
DCA 8.29
CA 5.74
S 5.33
SC 4.93
R 4.3

1..E Ae>""E£4E“E UiA>}iE "A

"tre>AIPErE{4°n£E

1.34 23.89
1.10 20.3

1.17 14.06
0.93 13.06
0.55 12.07
0.60 10.54

LHC 10.32
SC 10.16
DCA 8.54
R 6.28
CA 5.65
S 4.98

1..E Ae>""E£4E“E UiA>}iE "AA"“"«>A"IPErg{n°{0

1.29 21.31
0.90 20.98
1.19 17.64
0.92 12.96
1.18 11.68
0.85 10.29

small and likely to have settled after the 1998 bleaching
event or were surviving sub-massive colonies of A. palif-
era. The dead skeletons of branching Acropora formosa,
A. grandis and A nobilis killed during the 1998 bleaching
event were still recognisable. Dead coral covered with al-
gal turf (DCA), sand, rubble and soft corals were the
dominant substrate types within the lagoon (figure 3).
The high proportion of sandy substrate in the lagoon
would also limit the availability of suitable substrate for
hard coral growth. Extensive seagrass and (several 1oo m
across) Halimeda beds growing on sandy substrate were
also encountered in the lagoon.

The major reef passes, to the southeast and southwest,
were surveyed on drift dives. Channel mouths were not
steep-sided but instead were smoothly sloping from the
reef crests on each side. The bottom substrate was predomi-

nantly rocky, with algal turf; coralline algae, Halimeda and
seagrass. In places, extensive carpeting soft corals was com-
mon, and patches with small low-growing hard corals.

Limited coral bleaching was observed during surveys.
Coral disease and signs of other damage to corals were
absent.

The composition of the benthic community along
each of the permanent transects surveyed was signifi-
cantly different (Global R = 0.151; p = 0.001). Pairwise
comparison between the transects showed that the great-
est differences occurred between the lagoon and the two
shallower reef slope sites (Lagoon — North Is. o m: R =
0.296; p = o0.00I. Lagoon — Menai 1o m: R = 0.24; p =
0.001) and were attributable to the greater abundance of
LHC on the reef slope and more soft coral and sand in

the lagoon (table 1). Although the greater abundance of
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LHC at Menai at 20 m contributed to differences in the
benthic community between this site and the lagoon
(Lagoon — Menai 20 m: R = 0.107; p = 0.001), the primary
discriminating factor was the greater abundance of soft
coral at depth on the reef slope. The greater abundance of
soft coral at this deeper site also distinguished it from the
two shallow reef slope sites, although the greater abun-
dance of LHC and DCA at 10 m were additional contrib-
uting factors. (Menai 20 m - Menai 10 m: R = 0.082; p =
0.001. Menai 20 m — North Is. 10 m: R = 0.105; p = 0.001).
Significant differences in the benthic composition of the
two shallow reef slope sites (Menai 10 m — North Is. 10
m: R = 0.079; p = 0.001) were attributable to the greater
abundance of LHC and coralline algae at North Island
and the greater abundance of DCA at Menai.

Coral Recruitment

The average density of coral recruits varied little among
sites, ranging between 5.1 m™ (+ 2.93 s.d.) at 10 m at Me-
nai Island to 6.8 m™ in the lagoon (figure 5). On the reef
slope, recruitment was slightly greater at 20 m than 1o m,
although the differences were not statistically significant
(ANOVA, p >0.10). The taxonomic composition of the

recruit community on the reef slope did not differ sig-
nificantly between depths within sites (Global R = 0.082;
p = 0.095) or between sites (Global R = 0.25; p = 0.667).
One-way ANOSIM comparing the composition of coral
recruits between sites confirmed that there were no dif-
ferences between the two reef slope sites (R = -0.04; p =
0.025) but that the recruit community of both reef slope
sites was significantly different from that of the lagoon
(Menai — Lagoon: R = 0.884; p = 0.001; North Is. —
Lagoon: R = 0.531; p = 0.001). Pocilloporids were the
dominant family amongst recruits with the greatest aver-
age abundances (3 recruits-m™ + 2.70) recorded on the
reef slopes at 10 m, averaging (figure 6). At 20 m, faviids
were dominant ranging between 2.3 recruits-m~ (+ 1.89)
and 2.5 recruits-m™ ( 1.87) followed by pocilloporids
and agariciids. Within the lagoon, recruitment was domi-
nated by poritids and fungiids, at 4.1 recruits-m™ (+ 3.58)
and 2.2 recruitss-m™ (+ 3.51) respectively. The average
number of acroporid recruits per m* did not exceed 0.5 at
any of the locations sampled. The result of a subsequent
multi-dimensional scaling analysis illustrates the relative
similarity of the samples within and between sites on a
2-dimensional plot (figure 7). The intermixing of the

Figure 5. Mean number of coral recruits per m? (+ SD) recorded in the vicinity of each permanent transect.

154



Pocilloporidae
Mussidae
Agariciidae
Acroporidae
Faviidae
Siderastreidae

Poritidae

O B BEEONEM@

Fungiidae

4 -
: ,EE.T.
A e
10m 20 m 10m 20 m 3-6 m
Menai Island North Island Lagoon

Figure 6. Mean number of coral recruits from each family per m? (+ SD) recorded in the vicinity of each permanent
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Figure 7. Multi-dimensional Scaling (MDS) plot illustrating the relative similarity of the assemblage of coral recruits re-
corded in each quadrat sampled along each permanent transect. The MDS plot is based on a Bray-Curtis simi-
larity matrix calculated from square-root transformed data.
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Table 2. Summary of the results of SIMPER analyses investigating the contribution of variation in the abundance of each
family of recruits to the overall differences in recruit assemblages observed between sites

Contribution %

Average Dissimilarity

i">"E A+>""EqE ®Al..E A«>""E UiA>}iE "AA"“"+>A"IPErEEO°E™

Pocilloporidae 20.50 1.17 32.70
Faviidae 15.19 1.21 24.23
Siderastreidae 7.06 1.01 11.26
Agariciidae 6.83 0.88 10.89
Poritidae 5.30 0.61 8.45
Acroporidae 4.40 0.81 7.01

>}ee EQE i">°E Ae>"E UiA>}E "AA *"e>A IpErgm™iomc

Poritidae 31.46 1.46 33.48
Pocilloporidae 19.10 1.24 20.33
Fungiidae 15.72 0.74 16.73
Faviidae 14.18 1.19 15.09
Siderastreidae 5.47 0.83 5.82

>}eee "EqE ®Ai...E A«>""E UiA>}iE "AA~“"«>A"IPErEnC°£n

Poritidae 29.24 1.34 33.54
Fungiidae 15.54 0.74 17.82
Pocilloporidae 14.78 0.81 16.97
Faviidae 12.30 1.03 14.11
Acroporidae 4.64 0.89 5.32
Siderastreidae 4.50 0.77 5.16

samples obtained from the two reef slope sites and the
distinct separation of the samples obtained from the reef
slope from those obtained from the lagoon illustrates the
results of the ANOSIM. Subsequent comparison of the
species composition of recruit assemblages at each sites
using SIMPER indicated that the difference in the abun-
dance of recruits belonging to the families Poritidae,
Pocilloporidae and Fungiidae accounted for approxi-
mately 70% of the variation in recruit composition be-
tween the reef slope sites and the lagoon (table 2).

The community composition of recruits differed con-
siderably from that of the adult coral community that
existed prior to the bleaching event of 1998. Previously,
the shallow sites on the reef slope and the lagoon site
were dominated by large colonies of branching and tabu-
late Acropora, as seen by the dead standing corals and
rubble visible at the time of sampling. Among recruits,

156

however, acroporids, while present at each site, were

rare.

Fish abundances and community structure

A total of 172 fish species, belonging to 97 genera and 37
different families were recorded (table 3). Generally,
acanthurids were the most abundant at each site, par-
ticularly in the lagoon (figure 8). Only at North Island at
20 m, where several schools of lethrinids and lutjanids
were encountered within census areas, were acanthurids
displaced as the most abundant family. Large and medi-
um sized serranids were commonly recorded at all sites,
particularly specimens of Aethaloperca rogaa and Cepha-
lopholis argus on the reef slope sites and Plectropomus
punctatus in the lagoon. Chaetodonts were commonly
represented in each census, although species identified
tended to be omnivorous. Obligate corallivores such as
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Figure 8. Mean number of individuals (xSD) from each family of fish recorded per fish census (153 m?) conducted at each
site. *The only family of fish to show significant differences in abundance between sites was the Balistidae.

Table 3. Summary of the number of genera and species recorded within each family of fish.

No. of species

No. of genera

No. of species No. of genera

Acanthuridae 5 12 Muraenidae 2 4
Apogonidae 2 5 Nemipteridae 1 1
Balistidae 5 8 Ostraciidae 1 1
Belonidae 1 1 Pempheridae 1 1
Blenniidae 2 3 Pomacanthidae 4 5
Caesionidae 2 2 Pomacentridae 7 13
Carangidae 2 3 Priacanthidae 1 1
Chaetodontidae 4 18 Scaridae 3 7
Chanidae 1 1 Scombridae 2 2
Cirrhitidae 2 2 Scorpaenidae 3 4
Congridae 1 1 Serranidae 8 17
Haemulidae 1 2 Siganidae 1 2
Holocentridae 2 4 Sphyraenidae 1 1
Labridae 13 21 Syngnatide 1 1
Lethrinidae 3 7 Synodontidae 1 2
Lutjanidae 4 8 Tetraodontidae 2 2
Microdesmidae 1 1 Torpenidae 1 1
Monocanthidae 1 1 Zanclidae 1 1
Mullidae 2 6
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Chacetodon trifascialis and Chaetodon trifasciatus were
scarce. Labrids, pomacanthids and scarids were recorded
at each site with little variation in their abundances be-
tween sites. Lutjanids and lethrinids were frequently
sighted, although their abundances within census areas
varied enormously with the occurrence of large schools.
Haemulids and carangids were rarely recorded in cen-
suses, although they were commonly sighted elsewhere
around the atoll. Not a single shark was sighted during
approximately 9o person-dives conducted at Cosmoledo.
The methods used leave some uncertainty in the species
identification, especially within the families Scaridae and
Labridae, and thus some records were excluded.

No significant differences in total fish abundance were
found between sites (figure 9) although the small sample
size and area surveyed (4 counts of 153 m?) limited the
statistical power of the data allowing the outcome of the
analysis to be heavily influenced by the enormous varia-
tion between samples within sites caused by the irregular
occurrence of large schools of fish in some censuses. The
highest average density of fish was recorded at North Is-
land at 20 m (106.8 fish per 153 m*+ 116.7), although this

200 A

100 A

Mean No. of individuals per sample

0.

is attributable to the occurrence of schooling lutjanids
and lethrinids in one sample, resulting in a very high
standard deviation. The remaining 4 sites had densities
of about 5o fish per 153 m*. The Ballistidae was the only
family to show statistically significant variation in abun-
dance between sites (figure 8), with fewer representatives
in the lagoon compared with the sites surveyed on the
reef slope. The composition of the fish community in the
lagoon was significantly different from all other sites ex-
cept Menai Island at 10 m (p<o.05) primarily due to the
greater abundance of acanthurids within the lagoon. In
addition, the tighter grouping of the samples obtained
from the lagoon in the MDS plot (figure 10) illustrates
that the composition of the fish assemblage surveyed in
the lagoon was more homogenous than those surveyed at
the reef slope sites. In contrast, the disaggregated appear-
ance of samples obtained from Menai Island at 10 m il-
lustrates the considerable variation in the composition of
the fish community observed at this site, and also ex-
plains why no significant differences in the fish assem-
blages were found between these samples and those ob-
tained from the lagoon.

B Menailsland 10 m
O Menai Island 20 m
H North Island 10 m
E North Island 20 m
@ Lagoon

Figure 9. Mean total abundance of fish per 153 m? (+SD) sample recorded at each site.
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Figure 10. Multi-Dimensional Scaling (MDS) plot illustrating the relative similarities in the fish community composition
recorded in each census (4 replicates at each of 5 sites). The MDS plot is based on a Bray-Curtis similarity
matrix calculated using square root transformed data. Each point represents one census.

DISCUSSION

The coral reefs of Cosmoledo Atoll show characteristics
consistent with those reported for the central Indian
Ocean and consistent with early studies of the Seychelles
islands (Barnes et a/., 1971) and recent studies of Aldabra
(Teleki ez al., 2000; Downing ez al., in review). Highest
coral cover (25-40%) and diversity was observed at inter-
mediate depths on the reef slope, where the shallow reef
platform curves downwards towards the deep reef wall,
although evidence of up to 50% mortality of corals at
these depths and even greater mortality in the lagoon
and in shallower waters (<10 m) on the reef slope was
abundant (Sheppard & Obura, 2005). The appearance of
dead coral heads with mature algal communities and
many young corals estimated at 2—4 years old provided
additional compelling evidence that the mortality of cor-
als on Cosmoledo occurred during the El Nifio of 1998,
coincident with widespread coral mortality throughout
the Indian Ocean (Lindén & Sporrong, 1999; Wilkinson
et al., 1999). The level of mortality was similar to that re-
ported for Aldabra Atoll during the El Nino (Spencer ez

al., 2000; Teleki et al., 1999, 2000), but less severe than
that which occurred in the inner granitic islands of the
Seychelles (Quod, 1999; Turner et 4., 2000).

Almost 200 species of scleractinian corals were found
during this expedition (see also Sheppard & Obura,
2005). Many Acropora species were notably absent (e.g.
the staghorn A. formosa, A. grandis and A. nobilis) though
their dead skeletons were still recognizable in the lagoon.
The coral communities on the reef slope at 1o—20 m were
dominated by massive, encrusting, sub-massive and
branching coral forms, including Porites species and a va-
riety of faviids. Species diversity was noticeably low in
the genera Favia, Fungia, Pavona, Millepora, Alveopora,
and Goniopora, which may be due to the isolation of the
atoll, or mortality during the El Nifo (Sheppard &
Obura, 2005). Some species typically common in west-
ern Indian Ocean reefs (Rosen, 1971b) were absent or
rare, most noticeably Galaxea fascicularis (rare), G. ast-
reata (absent) and Goniastrea pectinata (absent) and Lo-
bophyllia.

Acropora, which older literature suggests was once the
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dominant genus in shallow waters of reefs of this region
(Rosen, 1971b), was the genus most severely affected.
Acropora colonies were virtually eliminated in 1998. In
contrast, the genus Porites was one of the best survivors
and dominates recruitment in the lagoon, and many
faviid corals also survived well. The sizes of most corals in
waters less than 8 m deep indicated that they were mainly
less than 4 years old. On reef slopes at depths of 1o m and
greater, survival had been considerably greater preserv-
ing significantly higher coral cover and coral species di-
versity (Sheppard & Obura, 2005). Consistent with
many oceanic atolls, Sheppard and Obura (2005) hy-
pothesize that 10 m represents a ‘transition depth’ be-
tween upper waters that suffered near 100% mortality of
corals in 1998 and deeper waters where mortality was
high but not catastrophic, perhaps at levels of 50% and
decreasing to zero below 30 m. This suggests that at Cos-
moledo, the thermocline between upper warmer waters
and deeper cooler waters varies around 10 m and deeper,
with the top 10 m becoming superheated during El Nifio
doldrums conditions. As a consequence, the entire la-
goon and the shallower portions of the reef slope suffered
near total mortality of corals. The presence of remnant
and diverse coral communities below 10 m on Cos-
moledo likely supplies the reservoir of larvae which are
recolonising the lagoon and the shallow reef slope. This
pattern appears consistent at many atolls, and presents
some hope that the El Nifno and climate change-related
threat may be less severe for oceanic atolls than continen-
tal reefs, especially if acclimatization of corals and zoox-
anthellae to warming conditions occurs (Coles & Brown,
2003; Hughes ez al., 2003). However, Cosmoledo is situ-
ated at 12°S, which is predicted to be the most vulnerable
latitude in the western Indian Ocean to warming sea sur-
face temperatures (Sheppard, 2003). Conditions similar
to those in 1998 are predicted to recur approximately
every 5 years by 2012—2015, thus preventing successful re-
production and recovery of coral communities.

At present though, coral recruitment is not limiting
with recruit densities ranging between 5 and 6.8 recruits

per m?*, which were similar to recent surveys conducted
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at neighbouring Aldabra Atoll (Teleki ez al., 2000; Sto-
bart ez al., 2001, 2002) and the granitic islands focusing
on Mahé (Wendling et al., 2002; Engelhardt, 2003). On
the reef slope, the greater recruitment at 20 m compared
with 10 m suggests either that the greater abundance of
adult colonies at depth act as a reservoir for coral recruit-
ment or that the deeper environment is more conducive
to settlement and survival. These preliminary surveys of
coral recruitment determined that there were positive
signs of recovery from the extensive mortality caused by
the 1998 bleaching event.

Prior to the 1998 bleaching event, the shallow reef
areas of Cosmoledo were dominated by branching and
tabulate forms of Acropora. However, all genera belong-
ing to the family Acroporidae were rare at all sites sam-
pled. In shallow water, where mortality of corals was
most severe, pocilloporids were the most abundant re-
cruits on the reef slope while poritids and fungiids domi-
nated the lagoon. At deeper sites on the reef slope, differ-
ences between the community composition of adults
and recruits were less obvious. Faviids were the most
abundant recruits and were also well represented among
adult colonies. The commonness of the agariciid genus
Pavona and the siderastreid genus Coscinaraea among re-
cruits on the reef slope is consistent with other surveys of
coral recruitment conducted at Aldabra (Stobart ez /.,
2001), the Maldives (Clark, 2000; Zahir ez al., 2002) and
in northern Kenya (Obura, 2002; and this volume). The
variation between the communities of adult corals,
which were remnants of the community that existed
prior to 1998, and post-bleaching recruits, particularly in
shallow waters, suggests that Cosmoledo’s reefs are expe-
riencing a shift in species composition and that the reefs
that are now developing may become quite different to
those that existed prior to 1998.

More than 170 species of fish were recorded at Cos-
moledo Atoll and although the time available for rigor-
ous surveys was small, this is comparable with the 212
species counted for Aldabra Atoll in 12 days of surveys in
November 1999 (Teleki ez al., 2000), 205 species in 2001
(Stobart ez al., 2001) and 221 species in 2002 (Stobart ez



al., 2002).With increased surveys, these numbers may
approach estimates of fish diversity of >350 species for
similar-sized areas on the nearby Tanzanian mainland
(Garpe & Ohman, 2003; Obura ¢t 4/, in review) and an
estimated figure of about 400 species for the Mascarene
plateau (Jennings ez al., 2000).

The fish families Serranidae, Lutjanidae, and Lethrini-
dae include many economically valuable species targeted
by artisanal fishermen (Jennings ez al., 1996). High abun-
dances of species within these families at Cosmoledo
suggest that the atoll is currently subject only to low or
moderate fishing pressure. Although it was not possible
to examine long-term trends in fish densities, fishermen
active in the area claim that the average body size of fishes
in these families has declined considerably during the
past two decades. In addition, the absence of sharks dur-
ing 90 person-dives is cause for concern, particularly
considering that sharks were abundant at Cosmoledos
during the 1980s and remained so through to at least the
early 1990s (Mortimer J., pers comm.). Legal fishing has
been a regular activitcy on Cosmoledo Atoll for decades,
and while its isolation and lack of enforcement lends it-
self to the activities of poachers and illegal fisherman
from other countries (Government of Seychelles, 2002),
it also confers a degree of protection through its inacces-
sibility to anything other than larger ocean-going fishing
vessels. The reef fish communities at Cosmoledo Atoll
are relatively healthy although the absence of sharks in-
dicates that fishing pressure is having some influence.

It is also evident that the extreme coral mortality in
shallow waters suffered during 1998 has also affected the
coral associated fish community. The abundance of Cha-
etodon trifascialis and C. trifasciatus, often numerically
dominant among chaetodonts on relatively undisturbed
coral reefs (Bouchon-Navaro & Bouchon, 1985; Chabanet
et al., 1997; Ohman ez al., 1998), has been shown to be
positively correlated with the amount of live coral (Jen-
nings et al., 1996). The low abundance of C. trifascialis,
an obligate predator of Acropora polyps (Findley & Find-
ley, 1989), is likely to be a consequence of the almost total
absence of this coral genus at Cosmoledo. In addition,

increases in abundance of herbivorous acanthurids and,
in some cases, scarids, can be attributed to the increased
abundance of filamentous algae growing on coral sub-
strata killed during the El Nino of 1998 (Lindahl ez 4/,
2000; Chabanet, 2002; McClanahan ez a/., 2002; Shep-
pard ez al., 2002). It would be interesting to study the
changes in the abundance of herbivorous fish communi-
ties in response to potential changes in coral and algae
cover at the sites to understand the higher order impacts
of bleaching-related coral mortality and reef recovery.

It is evident that the coral communities at Cosmoledo,
particularly in the lagoon and on the shallow reef slope
(<10 m) were severely affected by the increase sea tem-
peratures caused by the El Nifio 0f 1998 and that this, in
turn, has influenced the abundance of both corallivorous
and herbivorous fish. However, despite these changes, it
is also evident that the coral community is recovering,
albeit slowly and with a different species assemblage. The
data obtained during this first scientific expedition de-
scribes the current condition of the coral and fish com-
munities at Cosmoledo Atoll and has established a base-
line against which future changes and recovery can be
compared. In addition, these data enable a comparison
of the patterns and rate of recovery between reefs that are
relatively undisturbed by human activities with those
that are heavily influenced, such as those along the coast
of east Africa. Moreover, regular monitoring of the con-
dition of Cosmoledo Atoll conducted over a long period
will be invaluable for the future management of this bio-
diverse atoll and for the investigation of the influences of
global climate change on coral reef habitats.
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ABSTRACT

Coral settlement patterns were measured at two sites in the
Mombasa Marine National Park for a 2-year period from May
2001 to February 2003. Artificial settlement tiles were deployed
for approximately 3-month periods and were collected in Febru-
ary, May, August and November of each year. The mean number
of coral spat settled on collected tiles varied from 0.75 (+ 0.79 s.d.)
per tile in August 2001 to a maximum of 16.70 (+ 7.53 s.d.) in
November 2002, corresponding to mean densities of 8—740 m™.
The maximum number of spat recorded on a single tile was 38
(November 2002). Although peak settlement rates were recorded
in November of each year, settlement was sufficiently variable
between months and years to obscure a clear seasonal cycle. Settle-
ment was highest at the study site with the best water flow and
exchange with the open ocean. Pocilloporids (Pocillopora spp.)
dominated settlement (76%), followed by poritids (19%), then
‘others’. Patterns suggest peak coral recruitment in September—
November each year when water temperatures are increasing the
fastest prior to reaching their seasonal maxima in March—April,
but with substantial recruitment of pocilloporids and poritids

throughout the year.

INTRODUCTION

Coral recruitment refers to the addition of new individu-
als to the coral population and can be defined as the ini-
tial sighting of recently settled juveniles in the adult

habitat (Caley ez 4/., 1996). Recruitment has a major in-
fluence on the adult coral community structure (Birke-
land ez al., 1981), with temporal and spatial variations in
recruitment pattern playing an important role in the
population dynamics of coral communities. Local popu-
lations may be regulated by recruitment such that when
recruitment limitations occur, there are likely to be fluc-
tuations in population size (Hughes ez 4l., 1999).

Artificial settlement plates for coral recruits can be used
to provide a measure of the relative abundance of coral
recruits in time and space (Harrison & Wallace, 1990), as
an indicator of potential recruitment to natural surfaces.
Genetic studies suggest that most recruitment to reefs is
from larvae produced locally (Ayre ez al., 1997), thus the
settlement of coral planulae on or near colonies of their
own species is a common occurrence (Birkeland ez 4/,
1981). However, the extent to which variation in recruit-
ment reflects variation in adult populations is unclear.

This report explores the spatial and temporal patterns
of recruitment in the Mombasa Marine National Park
(MMNP) through the use of artificial settlement tiles.
Two sites are studied, with data presented here for two
years (May 2001 to February 2003) of quarterly deploy-
ments of the tiles. The general objective of this project
was to identify patterns of coral recruitment at the two
sites by investigating:
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e Variation in the number of coral recruits between the
two sites;

e Variation in the number of coral recruits among the
eight samples obtained over two years;

o The composition of coral recruits at the family level;

o Size relationships of recruited corals.

Recent studies at the MMNP have examined the recov-
ery of the coral reef following mass bleaching and mor-
tality during the El Nifo of 1998, focusing on overall
benthic cover (McClanahan ez 4/., 2001), and dynamics
of coral recruits on natural surfaces (Tamelander, 2002).
This study focuses on an earlier phase of coral life history
and investigates settlement patterns at early stages of re-
cruitment.

METHOD

The Mombasa Marine National Park (4° 0.0' S, 39°45' E;
figure 1) was established and formally gazetted as a pro-
tected area in 1986, and encloses part of the lagoon, back
reef and reef crest habitats of the Bamburi-Nyali fringing
reef. The marine environment is characterized by warm
tropical conditions varying at the surface between 25° C
and 31° C during the year, stable salinity regimes and
moderately high nutrient levels from terrestrial runoff
and groundwater. The area has semi-diurnal tidal regimes
varying from 1.5 to 4 m amplitude from neap to spring
tides, creating extensive intertidal platform and rocky-
shore communities exposed twice-daily during low
tides.

Monsoon winds are the dominant climatic influence
in this area, blowing from the northeast (December—
March) and southeast (May—October) with 1—2 months
in between characterized by variable and gentler winds.
Two study sites located within the back reef/lagoon areas
were used. The first, Coral Gardens, is situated adjacent
to a small depression forming a small channel through
the reef crest that enables water exchange on rising and
falling tides. The second, Starfish, is farther inside the

lagoon and has less vigorous water exchange.
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Figure 1. Map of the Mombasa Marine National Park,
showing the reef crest, the enclosed lagoon,
and the location of the two study sites. Coral
Gardens is located near a shallow channel
through the reef crest allowing high water ex-
change, while Starfish is located in the lagoon.

This report presents data obtained between May 2001
and February 2003 when settlement tiles were deployed
concurrently at both sites. The study used settlement tile
methods modified from English ez al. (1997). Wire mesh
racks were firmly attached to the bottom using metal
pegs at a depth of approximately 0.5 m at maximum low
tide. Terracotta bathroom tiles (15 cm x 15 cm) were at-
tached to these racks inclined at 45 degrees with the un-
glazed side facing downwards. Tiles were attached to the
racks using wire ties and deployed for a 3 month period.
Once collected from the field, the tiles were placed in
household bleach for 2—3 days and then dried. Dried tiles
were examined using a dissecting microscope. The num-
ber of coral spat on each tile was recorded along with the



surface (rough/smooth) of settlement. Each coral was
identified to family level and its maximum diameter meas-
ured. Other organisms settled on tiles such as tubeworms,
bivalves and oysters were counted and general observa-
tions were made on the amount of debris present.

RESULTS

Deployment and recovery dates and durations of tiles are
shown in table 1, which have been compiled into approxi-
mate quarterly periods or ‘seasons’ for further analysis.
The seasons are numbered 1—4 starting with the first tile
recovery each year, which corresponds to the early onset
of the northeast monsoon and settlement of spat from
approximately November to February each year. The ap-
pearance of the racks and tiles after three months, a 2
mm coral recruit on the tiles and natural recruits of Pocil-
lopora and Porites are shown in figure 2 on next page.
The mean settlement rates of coral spat per tile varied
from o0.75 (¢ 0.79 s.d., August 2001) to a maximum of
16.70 (+ 7.53 s.d.; figure 3 on next page). The greatest num-
ber of spat recorded on a single tile was 38 (November
2002). Recruitment was consistently higher at Coral Gar-
dens compared with Starfish, ranging from 2.1 to 27 times
higher. Each factor, site, year, season and coral family had
a significant effect on recruitment rates, though a fully fac-

Table 1.

torial ANOVA was not possible due to missing samples
(table 2 on page 171). By inspection of figure 3, a strong
interaction effect of site*year*season*taxon is evident, be-
ing highest for pocilloporids in the northeast monsoon
(Dec—Feb) of 2002 at the Coral Gardens. Abundance of
coral spat on tiles corresponded to recruit densities of
30—740 m™ at Coral Gardens and 8—60 m™ at Starfish.

Recruitment was overwhelmingly dominated by cor-
als of the family Pocilloporidae (76%, figure 4 on page
171) and Poritidae (19%) and only 5% from other fami-
lies. Non-pocilloporids were only prominent among re-
cruits during the September—November season in both
years and in June—August in 2002, and all ‘others’ were
noted only during this latter period. Starfish had a lower
diversity of corals than Coral Gardens, with 93% pocil-
loporids, 5% poritids and 1.8% ‘other’.

The average size of coral spat on the tiles varied from 1
to 3 mm in diameter, with a maximum recorded size of
17.5 mm for a pocilloporid in February 2002. Spat sizes
were smallest in November—February when density was
highest (table 3 on page 171), and highest a few months
later in June—August. Pocilloporids were significantly
larger, and poritids significantly smaller than other coral
spat. No annual effect was seen, and spat sizes were larger
at Coral Gardens than at Starfish, most likely due to the
predominance of larger pocilloporids. There was high

Sampling details of settlement tiles in the Mombasa Marine National Park. ‘Month’ indicates the standardized
periods used in the paper

Season Date
immersed retrieved

2001 May 13-Mar-01 22-Jun-01

Aug 22-Jun-01 20-Oct-01

Nov 1-Oct-01 18-Jan-02
2002 Feb 18-Jan-02 25-Apr-02

May 25-Apr-02 13-Aug-02

Aug 13-Aug-02 12-Nov-02

Nov 12-Nov-02 24-Feb-03
2003 Feb 17-Feb-03 19-May-03
Grand Total

Coral Gardens Starfish

# tiles # corals # tiles  # corals
21 101 20 32
20 14
18 96 20 4
21 94 20 27
20 112 20 15
20 200 19 24
20 329 20 28
24 174 20 22

1120 152
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A) Settlement tile rack: tiles are angled at 45°
with the rough surfaces facing downwards.
B) Tile after approx. 3 months in submergence
and growth of algal turf, coralline algae and
various invertebrates. A coral spat is circled in
red at top left, and shown in detail in (C) at
approx. 2 mm diameter and 7 polyp stage.

D) coral recruits on natural substrates at about

2 cm size, with Pocilloporidae (left, *ce V" ee0e « e}

* > 4"V e PahdMPoritidae (right, *ce A BIA/ ). i~
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Figure 3. Abundance of recruits per tile (225 cm?) for the

2 year period from May 2001 to February 2003
(mean, standard deviation, minimum and maxi-
mum).



Table 2. One-way ANOVA results of settlement rates by year, season, site and family (data from figure 3). Fully factorial
ANOVA could not be conducted due to missing data

Factor Post-Hoc test (LSD)

Year 14.367 <0.001 2002 >> 2001, 2003

Season 8.498 <0.001 Dec-Feb >> Mar-May,Jun-Aug,Sep-Nov
Site 98.164 <0.001 Coral Gardens >> Starfish

Coral 69.3 <0.001 Pocilloporidae >> Poritidae>> Other

Table 3. One-way ANOVA results of coral spat diameter by year, season, site and family. Fully factorial ANOVA could not
be conducted due to missing data

Factor Post-Hoc test (LSD)
Year ns
Season 5.655 0.001 Jun-Aug > Mar-May, Sep-Nov > Dec-Feb
Site 11.044 <0.001 Coral Gardens >> Starfish
Coral 54.063 <0.001 Pocilloporidae >> Other > Poritidae
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Figure 4. Composition of recruit populations at Coral Gardens and Starfish.

variation in the sizes of Pocilloporidae and a large degree DISCUSSION

of overlap with those of Poritidae (figure 5 on next page), The dominant pattern in this dataset was of significant
however the Pocilloporidae showed larger maximum size variability across sites, seasons and years (table 3). Within
colonies. that, patterns were not statistically significant, but clearly
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Figure 5. Mean, standard deviation and maximum sizes (mm) for all corals (above), Pocilloporidae (bottom left) and Poriti-

dae (bottom right).

showed higher settlement at Coral Gardens compared
with Starfish and during September—November relative
to other times of the year (though additional years of
sampling will be needed to confirm this). Additionally,
pocilloporids (mostly Pocillopora spp.) were the domi-
nant settlers throughout the year. Coral Gardens is lo-
cated adjacent to the only cross-reef channel for over 3
km north and south, giving it the strongest current flow
conditions and therefore most likely the greatest expo-
sure to coral larvae carried in from the reef front. Both
the level of settlement and diversity are indicative of
greater exposure to potential recruits. Additionally, wa-
ter and substrate conditions may be more conducive to
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successful settlement and post-settlement survival of cor-
als, as the water may be more aerated and substrate sur-
faces cleaner than at Starfish, which experiences calmer
conditions within the lagoon. Coral Gardens is also more
topographically complex, and has more fish than Star-
fish, which may confer better conditions for settlement
and post-settlement survival.

Corals of the family Pocilloporidae dominate the
settlement plates, and are the most abundant recruits to
natural surfaces in the area (Tamelander, 2002) and are
among the most abundant recruits at other sites in Kenya
(Obura, in review). Most of these are in the genus Pocil-
lopora, and abundant P damicornis, R verrucosa and



P eydouxi of multiple year classes were found adjacent to
and on the settlement racks (Obura, pers. obs.). Corals
in the genus Pocillopora are well known from other parts
of the world for their prolific reproductive output, pri-
marily of brooded planula larvae that often settle very
close to the parent colony (Richmond & Jokiel, 1984;
Richmond, 198s; Glynn ez al., 1991). The year-round
presence of Pocillopora recruits recorded here (and pers.
obs) suggest a similar year-round reproductive output in
Kenya, with a strong peak, in September—November,
particularly noted in 2002. This occurs when water tem-
peratures are rising at their maximum rate (McClanahan,
1988; Obura, 2001), and prior to maximum temperatures
experienced in March—April at the end of the northeast
monsoon season. The presence of poritids was most
strongly noted in September—November of both years,
though low levels were present throughout the year.
Other corals were not abundant enough to draw any
strong conclusions concerning seasonality in their repro-

duction.
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ABSTRACT

The current regime of fisheries management and issues concern-
ing the achievement of a more locally oriented system of fisheries
management in Diani-Chale, southern Kenya are examined.
Fisheries management in the area is characterized by a lack of
strong government capacity for regulation, weakened local insti-
tutions, and an absence in the ability to exert control over the
use of the fishery. Local level management requires the develop-
ment and use of local institutions that can govern the use of fish-
ery resources. The landing sites and associated fishing grounds
constitute a socio-ecological unit and were identified to be the
appropriate level at which many fishery management issues
could be resolved. A more formal role for these entities, together
with clarification of tenure of fishing grounds and support for
the development and enforcement of local rules for the use of
the fishery are essential actions that should be taken by govern-
ment to enable more local level fisheries management. The
socio-economic condition of fishers, the fear fishers have over
the loss of landing sites, and the continued perception of the
imposition of a marine reserve in the area pose barriers to initia-
tives seeking to further local level management. The need for a
coordinated approach among agencies working on fisheries is-
sues in the area is essential so as to avoid the erosion of social

trust with local fishing communities.
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INTRODUCTION

The Diani-Chale area on the south coast of Kenya has
been the focus of much of the participatory monitoring
work undertaken by CORDIO East Africa (figure 1).
The area represents one of the most degraded coral reef
systems in East Africa (McClanahan & Obura, 1995) and
is characterized by high fishing effort, high levels of
conflict among fishers and other coastal resources users,
with relatively poor enforcement of regulations. The ef-
forts of CORDIO East Africa have focused on the use of
participatory monitoring and research approaches as a
strategy to create awareness among fishers and engage
them to be more involved in resource management
(Obura, 2001; Obura ez 4l., 2002). The development of
a local system of resource management in Diani-Chale
is an evolving process and is of interest to a number of
organizations active in the area, including CORDIO
East Africa. The aim of this paper is to provide a context
to the current regime of fisheries management in Diani-
Chale and to relate this to attaining a more locally ori-
ented system of fisheries management. The paper exam-
ines local level institutions and initiatives relevant to
fisheries management and highlights some of the issues
relevant to the development of a local and collaborative
system of fisheries management. It concludes with a
number of recommendations that are pertinent to
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Figure 1. The general location of the Diani-Chale area on
the south coast of Kenya (inset) and some the
fish landing sites used by fishermen within the
study area (outset).

improve local level resource management in Diani-

Chale.

FISHERIES IN DIANI-CHALE: AN OVERVIEW

Fishing Activities
The near shore fisheries in Diani-Chale, as in most parts
of East Africa, are largely artisanal in nature, serving both

subsistence needs as well as local markets. Fishing activi-

ties occur within the coral reef lagoons and sea grass beds
sheltered by the fringing reefs and extend beyond the
reef in calmer conditions. An estimated 600 fishers fish
in Diani-Chale (Malleret-King et 4l., 2003), within an
area that encompasses between 30—40 km?, equivalent to
a fisher density of 15—20 fishers:-km™ which is much
higher than that reported elsewhere (Obura ez 4l., 2002).
Fishing and fish trading related activities constitute be-
tween a fifth and a quarter of all activities of households
in Diani-Chale (CORDIO, unpublished data). The catch
primarily consists of demersal reef species and some pe-
lagic species (King, 2000; McClanahan & Mangi, 2004).
Fishing is undertaken using traditional vessels and tradi-
tional gears that include basket traps, hand lines and
hand spears, as well as more modern gear types such as
spear guns, gill nets and beach seines (Obura ez al., 2002).
Fishers are each associated with a landing site at which
catches are landed (figure 1). Each landing site in turn, is
loosely associated with an adjacent fishing ground where
fishers from a landing site fish. The fishing ground is gen-
erally considered as the area of sea in front of the landing
site. It has been noted that boundaries between fishing
grounds are maintained by the daily interaction of fish-
ers (McClanahan & Mangi, 2001). However, fishers fish
various recognizable fishing sites within the fishing
grounds and many of these fishing sites are shared among
fishers from adjacent landing sites (Obura, pers. comm.).
Fishers from a landing site generally accommodate fish-
ers from adjacent landing sites fishing in their fishing
ground. Thus, there aren't strong tenure arrangements
for fishing grounds at least between closely associated
and adjacent landing sites.

State of Fish Stocks

The reef fisheries in Diani-Chale are considered to be
heavily exploited and are fished at or above sustainable
levels (McClanahan ez al., 1997; Obura et al., 2002).
Catch per unit effort (CPUE) for most species fished be-
tween the years 1995-1999 was reported to be declining
(McClanahan & Mangi, 2001). The average catch per
fisher per day is considered very low and varies between 2
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and 6 kg-fisher”-day™ depending on the season (Obura
et al., 2002). The coral reefs of Diani-Chale are also con-
sidered to be one of the most degraded, having low coral
cover, low fish abundance and a high abundance of
sea urchins resulting from overfishing (McClanahan
& Muthiga, 1988; McClanahan & Obura, 1995). On
Kenyan fringing reefs, fisher densities of between 8—9
fishers-km™ have been estimated to induce an ecological
shift from herbivorous fish dominated reef communities
to sea urchin dominated communities (McClanahan,

1990).

Fishery Management Measures

The Fisheries Department is the primary agency respon-
sible for fishery managementand development in Kenya.
The Fisheries Act (GOK, 1991; GOK, 2001) contains regu-
lations that include measures for licensing fishers, re-
stricting destructive gear types and protection of breed-
ing areas. In Diani-Chale, interventions by the Fisheries
Department have focused on restricting gear types by
prohibiting the use of beach seining and spear guns. The
lack of enforcement capacity within the Fisheries De-
partment however, has limited the effectiveness of these
interventions. While there has been widespread local re-
sistance to beach seining by local fishers using traditional
gear types, beach seiners have managed to carry on fish-
ing in some areas and it is claimed that officials have been
convinced to ignore their activities (Glaesel, 2000a).
Beach seining utilizes fine mesh nets and has been associ-
ated with damaging bottom habitats, capturing juvenile
fish and competing with other traditional gear types
(Rubens, 1996; Glaesel, 2000a; McClanahan & Mangi,
2001). Spear guns, on the other hand, are cheap to con-
struct and have become one of the most widely used gear
types (Glaesel, 2000a; King, 2000; Obura ez /., 2002).

Local and Traditional Fishing Arrangements

Fishers in Diani-Chale have historically had various
forms of traditional and customary practices that served
in some ways as fishery management measures (Mc-
Clanahan et a4l., 1997; Glaesel, 2000b; and see Tunje,
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2002). These practices were not explicitly associated with
conservation concerns but rather with relieving anxieties
of dangers at sea and of spirits directing fish away from
the community (Glaesel, 2000b). A number of taboos
such as using poison to capture fish, capturing juvenile
fish, and catching more fish than could be used, are
thought to have influenced the conservation of fish
stocks (Glaesel, 2000b). Elders were respected for their
authority and exerted a significant influence over where
and how fishing was conducted on a daily basis. These
elders were a central part of the social organization of a
landing site and regulated access to fishing grounds by
non-resident fishers who had to pay compensation in ex-
change for permission to fish in an area (McClanahan ez
al., 1997).

Unfortunately, most of these measures have broken
down for a variety of reasons (see Glaesel, 2000b; Tunje,
2002) and, at present, they do not appear to have a meas-
urable impact on the conservation of fishery resources
(McClanahan ez al., 1997). Relatively modern fishing
methods of beach seining and spear guns are considered
by elders to be unacceptable to ancestral sprits (Glaesel,
2000a). While elders have discouraged their use, younger
fishers still make use of them causing an inter-genera-
tional conflict (Glaesel, 1997). Conflict among gear types
has been most notable between beach seine users and
other gear type users, and between younger fishers using
spear guns and older fishers using traps (Obura ez al.,
2002). A number of landing sites have sought to ban the
use of beach seines in their waters through passive means
and by disallowing the landing of fish caught by this gear
at their landing sites but have only had moderate success
(McClanahan et 4l., 1997). In essence, traditional author-
ity at a landing site can only control whether fish are
landed at the site, but cannot control who fishes on the
reefs in front of the landing site.



PROSPECTS FOR LOCAL LEVEL
FISHERIES MANAGEMENT IN DIANI-CHALE

The continuing decline of fishery resources in Diani-
Chale does beg the question as to who really exercises the
right to manage the fishery resources. In the absence of a
strong government capacity for regulation, weakened lo-
cal institutions and traditional measures, there is a gen-
eral absence in the ability to exert control and formally or
informally define rules among fishers for the use of fish-
ery resources. When those participating in resource ex-
traction undermine rules without incurring a penalty,
then the use of resources can be considered unregulated
and open access. This is arguably the case in Diani-Chale,
and those concerned with promoting local level manage-
ment need to be concerned with strengthening or creat-
ing local institutions that can govern the use of fishery
resources.

There are two sets of questions that are central to the
development of local level fisheries management in
Diani-Chale that are of importance to ask. First, does the
government, primarily the Fisheries Department, recog-
nise the need for involving fishers in the management of
resources and hence the need for a more collaborative
approach to fishery management (co-management)? Is
there a genuine willingness to create and use local in-
stitutions and to share responsibility with the very
people whom the Department has sought to regulate?
Does current policy enable the development of a more
locally-focused system of fisheries management? Second,
are fishers and/or others at the local level capable of play-
ing a role in shared management? Are fishers motivated
and sufficiently organised to begin to undertake man-
agement functions and does their socio-economic con-
dition allow them to participate in management ac-
tions?

These sets of questions are central to those concerned
with local level management and the paradigm of fish-
eries co-management. While it is not in the scope of this
paper to provide a detailed review of fisheries co-man-
agement, the issues discussed in the following sections
describing the local conditions in Diani-Chale are exam-

ined with regard to fisheries co-management and inter-
actions between different institutions in a co-manage-
ment framework.

Government/Policy Environment

The guiding legislation for fisheries management in Kenya
is the Fisheries Act (GOK, 1991) and its various subsidi-
ary regulations (GOK, 2001). Current legislation vests
significant authority in the Director of Fisheries for fish-
eries management and is heavy on various regulatory
measures. Current legislation does not accord any role to
local communities or groups to undertake tasks relating
to fisheries management. The references made to fishers
all relate to regulations associated with harvesting and
trading fish. A policy that would enable co-management
should seck to empower local institutions through a del-
egation of some resource management functions to local
authorities, community groups or other capable organi-
zations over time. As has been noted elsewhere, the gov-
ernment has the de facto control over fishery policy and
therefore holds the power to determine the type of co-
management arrangement that is developed (Pomeroy
& Berkes, 1997; Charles, 2001).

Local Institutions for Fishery Management

A number of informal arrangements carried over from
historical times, although weakened, still persist and play
a role in day-to-day management of the fishery. For in-
stance, many landing site leaders still hold authority to
allow or disallow fishers to use a landing site. It is tradi-
tional practice for fishers to seek permission before fish-
ing in an area that is considered the fishing ground of
another landing site. However, there is no recourse fish-
ers can take with those who have been disallowed from
landing fish at a landing site from fishing in their fishing
ground. In essence, there is no secure claim over the ten-
ure of the fishing ground by the landing site. There are 12
landing sites and adjacent fishing grounds in Diani-
Chale, with various degrees of overlap in the use of fish-
ing sites between them. Most have some form of tradi-
tional authority or beach/landing site chairman present,
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Figure 2. The landing site where fishers interact, and the
fishing ground in front of it where fishers fish,
collectively form a socio-ecological unit at
which many local fishing arrangements can be
negotiated.

but the authority of these chairmen and respect among
fishers varies.

These collections of landing sites and the associated
fishing grounds form an identifiable socio-ecological
unit, both in terms of their membership and the spatial
area over which they occur (figure 2). Strengthening these
units can serve to address many fishery management re-
lated issues. This is the lowest level at which one can con-
ceive the negotiation of fishery management measures
since it collects together all those who utilize a fishing
ground. Within the current regime of fisheries manage-
ment, there is no apparent recognition of the role that
such local entities can play in day-to-day management of
fisheries.

Strengthening Local Institutions

The use of existing social organizations and the revitaliz-
ing of traditional forms of organization have been noted
to be appropriate ways in which to initiate and engage
into fisheries co-management (Pomeroy, 1995; Pomeroy
& Carlos, 1997). Nonetheless, existing social organiza-
tions may in some cases not be appropriately structured
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or sufficiently represent local interests. Under a tradi-
tional landing site organization, the authority is vested in
an elder or elected leader who reaches decisions that
fishers were expected to abide by. With traditional author-
ity and leadership being eroded and undermined by mi-
grant and younger fishers, it is doubtful whether tradi-
tional landing site organizations can effectively function
under an authority-based system. The fishers are clearly
not a homogeneous group and some, despite sharing
kinship, are divided across age and gear barriers, whereas
others are divided by origin (Glaesel, 2000a). Any land-
ing site organization is going to have to contend with
these differences and seek to resolve the conflicts that oc-
cur. Effective conflict resolution would be crucial to the
functioning of any local landing site institution. Land-
ing site institutions that are more representative in their
authority structure may be better suited to this. Gear
conflicts among fishers appear to be the most intense and
persistent issue and one amenable to be addressed at

the level of a landing site through arrangements among

fishers.

Local Information-Decision Making Loops

A challenge to any form of fisheries management is how
to use information about the fishery and changing con-
ditions to flexibly manage fishing activity on a day-to-
day basis such that it ideally results in the conservation of
fish stocks. Local knowledge and information from fish-
ers could be used to guide how and where fishing activity
occurs. Such information-knowledge-management loops
would be essential to the local landing site institutions.
Mechanisms for monitoring the fishery on a day-to-day
basis as well as over the long term by the fishers them-
selves are developing through participatory monitoring
initiatives of CORDIO East Africa. Nonetheless, fishers
in Diani-Chale have not embraced the use of this infor-
mation for decision-making on their fishing activities.
This may be due, in part, to the fact that fishers and their
landing site do not feel responsible for managing their
own fishing activities and do not see this as part of their

role. This is an area that would require awareness and a



formal recognition of the responsibilities that fishers
have to play in resource management.

In addition, the Fisheries Department and other or-
ganizations have a continued role to play with regards to
undertaking research and creating awareness among lo-
cal institutions. There is also a need to better target the
results of their monitoring and research to local levels
and strengthen the links between monitoring and man-
agement. Currently, data on fish catch is collected by at
least four different organisations that also conduct re-
search in the area. They include the Fisheries Depart-
ment, Kenya Marine and Fisheries Research Institute
(KMFRI), Wildlife Conservation Society/Coral Reef
Conservation Project (WCS/CRCP) and CORDIO. The
changes in fishery policy and management resulting from
research and monitoring activities are not apparent.

Clarifying Resource Rights and Tenure

The success of any management measures negotiated by
fishers and the continued investment of effort by fishers
in the process of creating and adjudicating rules can only
be expected if fishers have an incentive to do so. Securing
the benefits of management interventions (i.e. healthier
fish stocks) can only occur if the tenure of fishing grounds
is secure and access to them can be regulated and allo-
cated to the membership of fishers utilizing that fishing
ground. The recognition of the tenure of the fishing
grounds by government is critical in order to exclude
outsiders and those not abiding by local rules. In particu-
lar, the ability to sanction and prosecute violators from
outside the community with government support has
been attributed to securing tenure and the revitalization
of many local level institutions (Ostrom, 1990; Johannes,
2002).

In order for the management interventions and ac-
tions of fishers to be fully effective, the government has an
enabling role to play. In particular, the government needs
to recognize the tenure of the fishing grounds and clarify
who holds access rights to them. A few landing sites in the
area have attempted to exclude beach seines using a vari-
ety of measures, resulting in mixed success (McClanahan

et al., 1997). The lack of follow up support and enforce-
ment from the Fisheries Department has limited the ef-
fectiveness of this measure. Legal prosecution of outsiders
who violate or break local rules for fishing would do a lot
to make measures at the landing site/fishing ground
more effective. Without this sanctioning of violators the
benefits of management measures implemented will be
diluted and, at the very worst, may lead to similar rule
breaking within fishers of the landing site. Support for
local enforcement units from amongst the community
with government assistance should be considered.

CURRENT AND EMERGING INITIATIVES WITH
IMPLICATIONS ON FISHERIES MANAGEMENT

Diani-Chale Management Trust (DCMT)

A recent development has been the formation of the
Diani-Chale Management Trust (DCMT). This is an um-
brella group of representatives from local community-
based organisations, community leaders, local adminis-
tration and government agencies working in Diani-
Chale. It consists of a membership of 33 people, a number
of sub-committees and a five-member executive drawn
from the membership. The DCMT is perceived to be the
body through which community development initia-
tives are to be developed and the primary body through
which Integrated Coastal Area Management (ICAM) ac-
tivities and issues will be addressed and resolved. This
forum represents a local institution with an emerging
mandate to address resource management and develop-
ment issues. While there are representatives from fishers
groups on the DCMT, there have also been recent efforts
to organize local landing site chairmen into a group that
can report and bring forward issues requiring interven-
tion. Participatory fisheries monitoring work that was
being undertaken by CORDIO has now been included
under the DCMT and its sub-committee on research
and monitoring and represents an effort to integrate ac-
tivities that can support fisheries management at a more
local scale.
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While the exact manner in which the DCMT engages
fisheries management still needs to be articulated by its
membership, it operates at the appropriate scale and has
the critical mass to engage in a number of measures that
could make fisheries co-management operational. The
DCMT, together with the landing site chairmen and
Fisheries Department represented within it, could be the
starting point from which a fishery management plan
could develop. Its initial actions could target issues on
which there is broad agreement amongst fishers. The de-
velopment of a community enforcement unit that ini-
tially targets beach seiners could be a step in this direc-
tion. Another could be the facilitation of the develop-
ment of a vision and future direction of the fishery that
can be used as a basis for further activities.

Immediate challenges with the DCMT concern its
capacity to undertake activities and to sustain itself and
develop into a stable community institution. Fisheries
are only one of the resources that the DCMT is con-
cerned with and the efforts of the DCMT are going to
have to be distributed between other resources and com-
peting mandates for enterprise development.

Fisheries Development Initiatives

The Coast Development Authority (CDA), a govern-
mental development agency, and community develop-
ment non-governmental organisations (NGOs), such as
Eco-Ethics International Union Kenya chapter (EEIU)
and PACT Kenya, have been involved in renovating and
building landing site structures and encouraging enter-
prise development. Of notable mention is the ongoing
acquisition of fishing vessels and gears for the offshore
fishery for some fishers. While the development of an
offshore fishery presents an opportunity to reduce fish-
ing pressure inshore, it would not be prudent to develop
it without any arrangements or institutions in place that
can regulate its use. Integrating fishery development
measures with other aspects of fishery management is es-
sential. In the inshore where there is already excessive ef-
fort, development measures need to focus on increasing
its value rather than catches. Government supported, co-
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operative societies that should have been active in fish-
eries development in the area have largely failed and have
been abandoned by fishers (King, 2000) and fishermen
have formed self-help groups to provide their own small
credit facility to members.

BARRIERS TO LOCAL LEVEL
FISHERIES MANAGEMENT IN DIANI-CHALE

The socio-economic conditions of fishers and several is-
sues that currently affect them pose a number of barriers
to attaining a more local level fisheries management. For
fishers, livelihood security considerations would be ex-
pected to feature prominently in any actions and man-
agement measures they choose to engage in. The current
socio-economic condition of fishers and the low level of
catch, pose a grave challenge to their participation in
measures that are perceived to reduce their catches in the
short term. In a fishery that is characterized by excessive
effort, the improvement of fish stocks is not likely with-
out the relief of excessive fishing pressure. This presents
the greatest challenge to any form of management of the
fishery.

In addition, the continuing loss of lands on which
landing sites and their access routes are located has been
the primary issue that has preoccupied fishers. With the
advent of tourism development in the past few decades,
community owned lands have largely fallen into private
hands and most of the 12 landing sites in Diani-Chale
and the access routes to them now sit on privately owned
land. Fishers need some security of existence through ar-
rangements that can guarantee their continued use of the
landing sites, beaches and access to them. Fishers have
cited the lack of such security as the primary issue that
needs to be addressed before they can engage in discus-
sions relating to other aspects of fisheries management.
The DCMT is perhaps the best suited institution to take
the lead and facilitate the collective negotiation any such
arrangements.

A third issue that is historical in nature yields from the
failed efforts of the Kenya Wildlife Service (KWS) to in-



stitute a marine reserve in the area. The community re-
jection of the proposal in 1994 and the events surround-
ing it have left a strong suspicion that such a reserve may
be still be imposed through other means. As a conse-
quence, discussions on any aspect of management have
been treated with suspicion and often rejection for fear
of it being associated with KWS. This has effectively lim-
ited the progress of any management initiatives that gov-
ernment agencies and other external agents have tried to
develop with the communities. The current sentiments
of the community make any intervention by the KWS a
virtual impossibility. Nonetheless, in legal terms, the
KWS still holds the mandate to manage the area. A pro-
ductive intervention of KWS could be to publicly dis-
engage itself from the management of the area. The offi-
cial and formal delegation of authority from KWS to a
local authority, such as the Kwale County Council, an-
other government agency or perhaps even the DCMT,
could be a step in this direction.
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FISHERIES MANAGEMENT IN DIANI-CHALE:
MULTIPLE PLAYERS AND LINKS

This paper has touched on several key players relevant to
fisheries management in Diani-Chale (table 1). It has
been noted that co-management can be considered as a
mechanism to bridge institutions at multiple scales to
improve the management of natural resources (Berkes,
2002). Thus, one may expect that the internal capacity of
these individual institutions and the links and inter-
actions between them will determine how effective fish-
eries co-management will be. At present, there does not
appear to be a coordinated approach among players in-
volved. It is important that the players at upper levels
intersect and coordinate their efforts in a manner that is
consistent with the development of local level manage-
ment. Misguided policy and actions can erode social
trust between local level organisations and agencies
working at higher levels. The history in Diani-Chale be-
tween the community and others has always been one of
suspicion and scepticism compounded by the failed in-

Multiple institutions and scales pertinent to fisheries management in Diani-Chale.

Community
Institutions

South Coast Fisherman’s
Association (SCOFEC)

Village Organizations

Landing Site Organizations

Fishers Self-Help Groups
(Fishers + Traders)

Other
Institutions

Diani Chale Management
Trust (DCMT)

Other Stakeholders

Community Development
NGOs

Research & Conservation NGO’s
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stitution of a marine reserve in the area in 1994. Frustra-
tion among fishers arising from the lack of fishery devel-
opment measures or measures that were improperly im-
plemented and, as a result, were detrimental or yielded
insufficient benefits to them is already evident.

CONCLUSIONS AND RECOMMENDATIONS

At present, coral reef fisheries management in Diani-
Chale is characterised by a combination of limited ca-
pacity for government based management and the lack
of sufficiently developed and empowered local institu-
tions that can play an effective role in fisheries manage-
ment. Government policy is currently inadequate and
not conducive to the development of more local level
management. Specifically, it needs to recognise the land-
ing site and adjacent fishing grounds as a socio-ecologi-
cal unit and the role that these can play in fishery man-
agement. These units need to be empowered to be able to
make decisions on the basis of information and local
knowledge and accorded a formal role to play in fisheries
management. Encouraging the development of arrange-
ments among fishers, however simple they may be, may
be an initial step towards according greater management
responsibility to such local institutions. The Govern-
ment needs to further clarify the tenure of fishing
grounds and provide support to the actions of fishers
that restrict access to fishing grounds to outsiders and
those who have violated local regulations. Several bar-
riers stand in the way of achieving a more local level fish-
eries management and the ability of fishers to fully par-
ticipate in such management. These include the socio-
economic condition of fishers, the unresolved loss of
landing sites and access routes and the continued suspi-
cion by fishers of interventions from the KWS. Address-
ing these issues can remove some of the current obstacles
that hinder the committed participation of fishers in
management. A coordinated approach involving all the
players relevant to fisheries management is necessary and
its absence may result in misguided actions that may fur-
ther erode the trust between players at local and upper
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levels. The DCMT could effectively make fishery co-
management in the area operational and needs to be sup-
ported to that end.
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ABSTRACT
Recreational SCUBA diving has grown tremendously along

most of the southern Mozambican coastline in the last eight
years. This growth was not managed, largely due to a lack of
baseline information on various aspects of the industry, includ-
ing diving intensity and socio-demography of the SCUBA div-
ing community. These aspects of the industry were thus covered
in this study to redress this shortfall. Information was collected
on divers and diving pressure in southern Mozambique using
questionnaires and dive log sheets distributed through local dive
centres. Divers visiting southern Mozambique were found to be
mostly educated South Africans with high levels of experience.
They were committed divers, satisfied with their diving experi-
ences in the area and sensitive to reef conservation issues. The
diving intensity was estimated at 42 500 dives in 2001 and

62 ooo dives in 2002 occuring at about 20 dive sites, which is
not as high as previously thought. Nevertheless, there is poten-
tial for overuse of favoured dive sites, and recommendations are
made to disperse divers among a greater number of sites and to
undertake awareness programmes on sustainable diving prac-

tises.

INTRODUCTION

The southern Mozambique coastline between Ponta do
Ouro and Cabo Santa Maria has been a focus of coastal
tourism development since the end of the civil war in
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1992 (Hatton, 1995; Massinga & Hatton, 1996). Around
115 000 tourists visit southern Mozambique annually
(Saia, A., 2003, Ministry of Tourism, pers. comm.). Of
these, approximately 10 0oo—13 000 visit the Ponta do
Ouro and Ponta Malongane region (Bjerner & Johans-
son, 2001) to dive, fish and camp, the majority (60—72%)
being certified SCUBA divers (Bjerner & Johansson,
2001; Abrantes & Pereira, 2003).

The high fish diversity in the area (Robertson ez /.,
1996; Pereira et al., 2004) contributes to the beauty and
attractiveness of the reefs. Further, the occurrence of
large, resident fishes such as potato bass (Epinephelus
tukula), several species of sharks and marine turtles has
resulted in specific localities such as ‘Bass City’ and
‘Pinnacles’ near Ponta Malongane becoming popular
with divers (Robertson ez al., 1996). The diving intensity
in 1995 was estimated at 30 000—40 000 dives per year
and Robertson ez al. (1996) stated that this dive rate was
high considering the size of the reefs. Unconfirmed re-
ports claimed that in 1998 this number increased to
around 80 000—90 000 dives per year and it was sug-
gested that the diving intensity was approaching unsus-
tainable levels (H. Motta, WWF Mozambique, pers.
comm.). Later, Bjerner & Johansson (2001), estimated
the diving intensity in the area to be approximately
63 ooo dives per year.



Despite the remarkable growth and economic impor-
tance of recreational diving in southern Mozambique
(Bjerner & Johansson, 2001), its regulation and manage-
ment are deficient and the existing legislation is obsolete
(dating back to the late 1960s) and poorly enforced. Im-
portant demographic and socio-economic information
on divers visiting the southern Mozambique reefs is gen-
erally lacking and management actions have been par-
tially hindered by the lack of knowledge on the current
diving pressure in the area. This paper reports aspects of
an MSc thesis study of the demography, participation
and attitudes of recreational SCUBA divers visiting
southern Mozambique. Estimates of the diving pressure
during the study period (February 2001-December
2002) and recommendations for management are also
provided.

MATERIALS AND METHODS

An 8-page, 30-question, self-administered questionnaire

was developed to collect data from recreational divers.

The questionnaires were distributed to dive centres oper-

ating in Ponta do Ouro and Ponta Malongane and col-

lected throughout the study period. The questionnaire

collected information in four areas:

e demographic profile of recreational scuba divers;

o diver experience, activities and qualifications;

e diving activities and experiences in southern Mozam-
bique;

e opinions on the condition and management of diving
in southern Mozambique.

The number of recreational dives done during the study
period at individual dive sites was estimated using two
methods:

o pre-prepared log sheets filled out by dive centres;

e boat launch data extracted from resort log sheets and

dive centres.

RESULTS
Diver experience

A total of 108 questionnaires were filled in and returned.
Most (57.9%) of the recreational SCUBA divers that an-
swered and returned the questionnaires were South Afri-
can males and only three were Mozambicans. A total of 9
nationalities were represented, most of them European.
Altogether, the average age was 34.9 years (S.D. = 8.8),
with most (73%) between 21 and 39 years of age. Divers
were highly educated; all divers had completed their sec-
ondary level of education (high school) and the majority
(36.4% of females and 50.0% of male divers) had com-
pleted their tertiary education at university (B.A./B.Sc.).
A number of female (27.3%) and male divers (21.6%) had
undergone post-graduate education (B.Sc. (Hons)/
M.Sc./PhD.).

On average, divers had been certified for 5.8 years,
ranging from 0—27 years. The majority had been certified
for at least 4 years and more than half of them had com-
pleted st or more dives. 35% of divers were ‘newcomers’
(‘have dived for one year or less in southern Mozam-
bique’), 48.5% had been visiting southern Mozambique
for the past 2 to 5 years and the rest for more than s years.
63% stated that they have also dived at other locations in
Mozambique, most notably Inhambane (31.3%) and
Inhaca Island (19.3%). The majority of divers (65.1%)
considered SCUBA diving to be their most important or
second most important outdoor activity. Many outdoor
recreational activities are primarily family-orientated,
and recreational SCUBA diving in southern Mozam-
bique does seem to be one of these activities. Most divers
practised their sport frequently with friends (47.1 %) or a
combination of friends and family (42.4%).

The diving in southern Mozambique compared fa-
vourably with other dive sites, as 84.2% of the divers con-
sidered the diving in southern Mozambique slightly or
much better than other diving sites they have visited.
The perception that southern Mozambique offers good
quality diving is also reflected in the overall diving satis-
faction expressed by the respondents. The great majority
(93.4%, average rank of 4.5 on a scale of 1—5) stated that
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they were very or extremely satisfied with their diving
experience in southern Mozambique, with none of them
dissatisfied or slightly satisfied.

Diver Attitudes
The great majority of divers (91.6%) rated ‘look at fish

and other marine life’ as a very important or extremely
important reason why they came to dive in southern
Mozambique. This was the highest ranked reason (4.7 on
a scale of 1-5). Another important reason, with an aver-
age rank of 4.4 (83.7% of the divers), was ‘to experience
unpolluted surroundings’. Marine megafauna were the
highest ranked attraction, especially dolphins, whales
and whale shark. Following these, divers valued tropical
reef fish (i.e. damsels — Pomacentridae, angels — Poma-
canthidae and bucterflyfishes — Chactodontidae; 77.2%),
other reef fish (74.2%) and small reef fish (72.9%) at
higher levels (average rank of 4.1) compared with hard
and soft corals, and most of the other reef fish categories
(average rank of 4.0 by 70.9% respondents). Further-
more, 10.7% of the divers considered hard and soft corals
to be unimportant or slightly important as opposed to
only 7% for large reef fish or 6.9 % for small reef fish,
which declared that these reef fish categories were un-
important for their diving experience.

The questions on the condition and management of
the reefs was aimed at more experienced divers that have
dived in southern Mozambique before 1999 (divers that

potentially witnessed the effects of the 1998 bleaching
event; Schleyer ez al., 1999). More than half of these (55.3%)
stated that the reefs appeared the same and no changes
were noted in the reef environment. Most divers also con-
sidered that the coral cover and the abundance of small
reef fish had not changed. When asked about the abun-
dance of large reef fish (rock cods, kingfishes), responses
were mixed; a large proportion (44.4%) considered that
there were less rockcod and kingfish, while 36.1% felt that
the abundance of these fish had not changed. Those that
noted changes in the overall reef environment were more
experienced divers (highest level of diving qualification
and mean number of logged dives). They also declared
that both the coral cover and abundance of small reef
fishes had remained the same, but they were unsure if the
large reef fishes had decreased in abundance.

Attitudes towards reef conservation and the manage-
ment of diving activities varied according to the nature
and context of statements in the questionnaire (table 1).
For example, the majority of respondents disagreed (av-
erage rank 2.3 on a 1— scale; 1 being strong disagreement)
with the deployment of mooring buoys or with the idea
that there is excessive diving in southern Mozambique
(54.5% of the divers strongly disagreed or disagreed with
the statement “The reefs in southern Mozambique are
too crowded’). Most divers agreed that excessive diving
might damage reef communities (64.5%) and that a pre-
dive briefing should emphasize environmentally friendly

Table 1. Percent agreement or disagreement of recreational SCUBA divers visiting southern Mozambican reefs, with
attitude statements concerning management of the reefs. 1=Strongly disagree; 2=disagree; 3=neutral; 4=agree;
5=Strongly agree. (3Ts = don’t Touch; don’t Tease; don’t Take).

1 2 3 4 5 Mean rank
Emphasize 3Ts on pre-dive briefings 2.0 0.0 2.0 17.2 78.8 4.7
Can be damaged by excessive diving 5.1 10.2 19.4 27.6 37.8 3.8
Designated for specific uses 8.2 14.4 16.5 23.7 37.1 3.7
Avrtificial reefs should be deployed 19.4 71 20.4 27.6 25.5 3.3
Number of dives should be restricted 10.1 18.2 29.3 22.2 20.2 3.2
Mooring buoys should be provided 34.4 15.6 26.0 7.3 16.7 2.6
The reefs are too crowded 222 32.3 36.4 71 2.0 23
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Figure 1. Schematic map of the most frequently dived
reefs in southern Mozambique.

diving practices (96%), emphasising the 3T’s (‘do not
Touch, do not Tease, and do not Take’). A clear-cut pic-
ture could not be drawn from responses regarding two
management statements on restrictions on the number
of dives per site and the deployment of artificial reefs,
thus suggesting that these were not very popular among
the respondents.

Diving Pressure

A total of 5 dive centres operated continuously through-
out the study period (February 2001 to December 2002).
Four of them were based in Ponta do Ouro and the fifth
in Ponta Malongane. Two new operations initiated their
activities in April (one based in Ponta do Ouro) and May
2002 (one based in Ponta Mamoli). The total number of
dives for 2001 and 2002 was estimated at 104 500, with
considerably more dives being executed in 2002 (62 000)
when compared with 2001 (42 500).

A total of 1526 launches (13 661 dives) were logged
during the study period. Of the 23 reefs dived (see figure
1), 4 (Doodle, Creche, Kev’s Ledge and Texas) were used
the most, hosting more than 44% of the dives (table 2
on next page). This means that each of these 4 reefs was
dived more than 7 ooo times during the study period
(February 2001 to December 2002) with over 12 000
dives at Doodles the most popular reef. Diving intensi-
ties are not presented for the reefs at Ponta Techobanine
as they were not commercially dived for most of the
study period due to the great distance from the dive cen-
tres at Ponta do Ouro and Ponta Malongane.

DISCUSSION

Virtually all the divers on the southern Mozambican
reefs were South Africans. This is not surprising as the
great majority of tourists (>95%) visiting the area origi-
nate from South Africa (Bjerner & Johansson, 200r;
Abrantes & Pereira, 2003). Surprising, however, was the
fact that a minimal number of Mozambique nationals
participate in this recreational activity, probably due to
levels of interest, and high cost.

Diving qualifications and experience were of a high
standard and comparable to those previously found at
Ponta do Ouro (Bjerner & Johansson, 2001) and in Texas,
USA, (Ditton & Baker, 1999; Thailing & Ditton, 2001)
but higher than those reported in Zanzibar and Mom-
basa (Westmacott et 4l., 2000a) and Australia (Roberts
& Harriot, 1995; Rouphael & Inglis, 1995; Harriot ez 4.,
1997). Divers were also committed to their sport, consid-
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Table 2.

Number of recreational dives conducted on southern Mozambican reefs during the study period. NA=refers
to launches in which the number of divers was recorded but not the reef.

Estimated
dives 2001
Doodles 2706 19.81 8419
Creche 1414 10.35 4399
Kev's Ledge 980 717 3047
Bass City 937 6.86 2916
Texas 928 6.79 2 886
NA 818 5.99 2 546
Steps 817 5.98 2542
Three Sisters 751 5.50 2 338
Anchor 699 5.12 2176
Paradise Ledge 628 4.60 1955
The Ridge 520 3.81 1619
Breadloaf 461 3.37 1432
Shallow Malongane 454 3.32 1411
Checkers 419 3.07 1305
Pinnacles 403 2.95 1254
Malongane Ledge 244 1.79 761
Lego's Atlantis 215 1.57 667
Aquarium 92 0.67 285
Riana's Arch 88 0.64 272
Wayne's World 26 0.19 81
Padi 20 0.15 64
Fingers 15 0.11 47
Turtle Creek 14 0.10 43
Steve's 12 0.09 38
Total 13 661 100.00 42 500

Estimated
dives 2002 Total
12 282 20 700 1
6417 10 816 2
4 445 7 497 3
4253 7168 4
4210 7 099 5
3714 6 257 6
3708 6 250 7
3410 5745 8
3174 5347 9
2 852 4 804 10
2 362 3978 11
2089 3526 12
2058 3473 13
1903 3205 14
1829 3083 15
1110 1866 16
973 1645 17
415 704 18
397 673 19
118 199 20
93 153 21
68 115 22
62 107 23
56 92 24
62 000 104 500

ering it an important outdoor activity. It might be ar-
gued that only experienced and more conscientious
divers responded to the questionnaire, but similar pro-
portions of experienced and novice divers responded to
the questionnaire, suggesting that the survey data is rep-
resentative of the recreational diving population of
southern Mozambique. Diving experience in reef users is
an important asset as far as the management and conser-
vation of coral reefs is concerned. There is evidence that
novice divers (<100 logged dives) cause more physical
damage to corals than more experienced and conscien-
tious ones (>100 logged dives; Davis ez al., 1995; Bjerner
& Johansson, 2001).
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“To look at fish and other marine life’ was identified
as the most important reason why divers chose to dive in
southern Mozambique, with the most popular attrac-
tions being marine mammals (dolphins and whales), car-
tilaginous fish (sharks and rays) and marine turtles. These
species enjoy worldwide popularity, being flag species for
anumber of marine conservation campaigns. Divers pre-
fer reef fish (large or small tropical reef fish) when com-
pared with benthic species (e.g. corals, sponges). Divers
interviewed in Zanzibar and Mombasa by Westmacott ez
al. (2000a) and in the Caribbean by Williams & Polunin
(2000) also regarded the variety and abundance of fish as
the most important reef feature. This may be an impor-



Figure 2. Divers preparing to launch through the surf at
Ponta Malongane, southern Mozambique.
* ... ;e MBRCOS A. M. PEREIRA.

tant issue to consider if diving pressure and fishing re-
strictions or zoning schemes are to be implemented.

Southern Mozambique seems to attract a loyal diver
clientele. The percentage of respondents that have been
visiting these reefs for more than four years totalled al-
most 40%. Despite the fact that tourism, and SCUBA
diving in particular, were badly affected by the February
2000 floods in southern Mozambique, new divers are
still attracted to this destination, with divers being ‘very
or extremely satisfied’ with their diving experience.

This study also assessed divers’ perceptions on reef
condition and changes in coral cover and fish abundance,
which can be used, with suitable care, as indicators of
changes in reef condition and community structure (e.g.
Hodgson, 1999; Uwate & Al-Meshkhas, 1999; Seaman ez
al., 2003). Another important issue is that divers’ per-
sonal perceptions as to whether reefs are changing or
undergoing degradation may have an influence on the
local economy. For example, Westmacott ez al. (2000a,
b) reported that coral bleaching influenced the choice of
destination in 39% of the instances of divers visiting
Mombasa who were aware of the 1998 bleaching event.
They also noted that coral bleaching affected tourists’
holiday satisfaction (with 47% of them considering dead
corals the most disappointing experience), thus causing

Figure 3. Divers returning from a dive at Ponta do Ouro,
southern Mozambique. * ... ce ABTHUR
FERREIRA/AFRICA IMAGENS.

financial losses to the economies of Sri Lanka and the
Maldives. Graham ez 4l. (2001) recorded similar results
in Palau, Micronesia.

In the present study, divers were in agreement regard-
ing changes in the overall reef environment, with the
majority of them noting no changes from before 1999 to
the present. This concurs with findings that reefs in south-
ern Mozambique were less impacted by coral bleaching
in 1998 compared to reefs farther north (Schleyer ez 4l.
1999; Motta ez al., 2000) and are likely to remain less
vulnerable to climate change in the near future. Itis quite
worrying that the majority of divers (44%) stated that
the large reef fishes (rock cods, kingfishes) had decreased
since 1999. This could be attributed to fishing activity in
the area, as bottom fishing or over-fishing on the reefs is
widespread and illegal industrial vessels have frequently
been seen around the reefs.

Some of the divers’ attitudes towards the management
of SCUBA diving and reef conservation in southern
Mozambique were similar to those of divers in Texas
(Ditton & Baker, 1999) and Bonaire Marine Park (Dixon
et al., 1993). They disagreed with the statement that the
reefs were too crowded and agreed that the reefs should
be designated for specific uses. The deployment of moor-
ing buoys and artificial reefs (sunken ships) were not pop-
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ular with divers in southern Mozambique, nor are they
in South Africa, where rough sea conditions and relatively
high costs preclude these interventions. Divers strongly
agreed with the 3Ts (do not Touch, do not Tease and do
not Take), suggesting they would accept and welcome
awareness campaigns and pre-dive briefings (Medio ez
al., 1997) on environmentally-friendly diving practices.

Previous estimates on the number of dives in south-
ern Mozambique have varied greatly, from 30 ooo—
40 000in 1996 (Robertson et /., 1996) to 80 000—90 000
in 1999 (H. Motta, WWF Mozambique, pers. comm.)
and 50 000—63 000 dives in 2001 (Bjerner & Johansson,
2001). In the present study, the diving pressure was esti-
mated at 42 500 dives in 2001 and 62 0oo dives in 2002.
The low number registered in 2001 is indicative of the
impact of massive floods that occurred throughout
southern Mozambique in February 2000, causing wide-
spread destruction in the basic infrastructure with conse-
quent bad publicity that resulted in a decline in tourism.
In 2002, better marketing and a decline in the value of
the South African Rand, causing more South Africans
divers to dive ‘locally’ rather than travel overseas for their
diving vacations, resulted in higher numbers. It thus ap-
pears that the diving pressure in southern Mozambique
is not excessive, however it may have have reached its
‘carrying capacity’, as the present tourism facilities such
as accommodation, roads, electricity and medical facili-
ties appear to be saturated.

As noted above, most diving takes place on about 20
reefs with more than 50% of the dives being concentrated
on s of them (see table 2). In nearby Sodwana Bay, South
Africa, 85% of more than 100 0oo dives per year (Schleyer,
M., 2004, pers. comm.) are carried out on Two-mile
Reef, the closest of four reefs used by divers, where sig-
nificant diver damage has been noted (Schleyer & Toma-
lin, 2000). Reef features such as the abundance and di-
versity of fish, distance from the shoreline and depth are
some of the most important factors in the selection of
dive sites by both dive operators and divers, focusing
most pressure on a small number of sites.

Interestingly, in spite of the high pressure at favoured
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sites, evidence of damage on similar reefs in South Africa,
and the high levels of experience and awareness in the
diver community, divers did not accept that southern
Mozambican reefs are too crowded. As a result, they were
reluctant to endorse management interventions to limit
crowding and damage, such as placement of mooring
buoys and artificial reefs, but were amenable to raising
awareness about more environmentally friendly diving
practices. The results of this study suggest there is a need
to alleviate the diving pressure on the southern Mozam-
bican reefs through a more balanced distribution of the
diving intensity, better awareness programmes on sus-
tainable diving practices and perhaps the deployment of
artificial reefs (van Treeck & Schuhmacher, 1999;
Wilhelmsson et al., 1998).
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Resilience of Zooxanthellae
to Bleaching Stressors:

An Experimental Study
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RESULTS

Experiment 1: Resilience of Zooxanthellae

to Bleaching Induced by Darkness
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Processes in Recovery from Bleaching
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Recovery from Bleaching Induced by Darkness
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NFBOT UIFSF JT BO PCWJPVT S
SFTPVSDF VTF BOE BDDFTT "U
GPSNBUJPO PO TUBUVT BOE US
MJ[BUJPO QBUUFSOT JT BWBJM
WFZ PO UIF EJTUSJCVUJPO BQ
XFFET FDIJOPEFSNT BOE HBTLU
FBTUFSO SFFG nBU PG "HBUUJ
MPX DPSBM BCVOEBODF PO UIF
FOEBOHFSFE 3PESJHVFT 0090
DPMMFDUT TPNF mTI DBUDI EBY\
NFSDJBMMZ JNQPSUBOU TQFDJ
UJPO PO NPTU TVCTJTUFODF B

*O WIFX PG UIJT B NPOJUPSJ
JO Aiio ESIJWFO CZ MPDBM SFT
BIJNFE UP DPMMFDU EFUBJMFE
QBSUJDVMBSMZ UIF EJ FSFODH
MBHPPO BOE SFFG BSFB BT XF
AIPUTQPUT TFBTPOBMJUZ JO
MBQT JO SFTPVSDF VTF BOE D
BOE mOBMMZ JMMFHBM SFTPYV,

hJT QBQFS QSFTFOUT UIF SFT
MFDUJPO BOE EFTDSJCFT JO EF
UFSOT PG SFTPVSDF VTF XJUI
TPVSDF FYUSBDUJPO *O BEEJ
PNNFOEBUJPOT PO GVSUIFS OF
TPVSDF VTF NPOJUPSJOH JO "H

METHODS

Activity Descriptions

and Estimated Resource Extraction
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0 .PTU DPMMFDUJPO UBLFT Q
UIF JTMBOE PO UIF FBTUFSO T
BSFB JO UIF TPVUIFSONPTU QP
UIF UPUBM OVNCFS PG TIJOHM
FTUJNBUFE EBJMZ IBSWFTU PG
NBUFMZ dii UPOT PG TIJOHMF
NPOJUPSJOH QFSJPE hJT JT B
DPSEFE JO fRS BiWIRO

> E eesiVite”
4BOE NJYFE XJUI DENFOU UP N
JOH DPOTUSVDUJPO JT QSJNB

TESUBUBMPOH URVTTHPSEM Y U*BMITIP I
PGP NMKEDNWPIHFI UBIUOTHYMBEIPRVIBIMM BSF
UZPVOBRBE DFEBMN J H/SHENOU | FO& O MW JT PV

XIPGBWF BTOMEBOIBWRBDUPST BOE UJM

WREFCGTQBROQ IR KF INBBOHF- MZZQIBBMMZ

PMQFDUB®WFMZ XIJMF JO UIF JOIBCJU

U ©OFPHB QR MSIDB thVPP TiiUH ICABMI T QFS Q

CFFO OGPEDIFH BIXODEW®RBTF JJPPOWJIPVT

FUBUJPO BOE MPTT JO IFJHIU
[ DPMMFDUFE GSPN BMM PWFS UIF
" PSuisisEEFishiBY S TFBTPO mHVSF
MBITR G® SUIF VJICHIBPGUE PP QBSNQ PGP O J
J EFFO BB P X FUNIAVI DEPTS B®I S FFF GEFMVQTUWDUHD BV
SWIFONAG BB DT NBOHE IBSFEELPOXFFO
F PRMSEB YR RPW FSF DIFCSEEFFEB B DEHBBF N B C
DVEDUBETQOS BESMPOZBBQEPYBGSJIH
XNBAB D P MIWSHUWAET DBIIDOH TUOP X TPME
U DUA B ENBINUFF B FGWPESMmMEDTB ® BTBSF HBJO T
GPPE GPS UIF GBNJMZ 'JTIJOH NFU
QFSTPO HFBST TVDI BT IPPL BOE M.
PQFSBUJPOT JOWPMWJO & BB GBEB
BLEFSBAODSFUF BSFEBOE OBIMEFT BSF
S TV K1 FEY HX PYVIUHG 8 BNT MPRGX BMBROSB HF E

fiood
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NPPO JF EVSJOH TQSJOH UJEF X
hF SFQPSUFE BWFSBH
LIMPHSBNT UBCMF 86 BOE DPOTJTUT
TPNF HSPVQFST hJT JT OPU B DP
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DPNQPTJUJPOT BOE JOGPS
DBUDIFT BOE DBUDI QFS VOJU F PSU U



BOE JT SFTUSJDUFE UP UIF MJ
ulBU BSF BWBJMBCMF XI1JDI B
TFDUJPO PG UIF XFTUFSO MBHH

>e>E [1>o
#BMB BUUBM PS QVSTF TFJOJ(
UJWFMZ DPNNPO HFBS *U JT V
BMM BSPVOE UIF JTMBOE CVU
UIF NPOTPPO NPOUIT PG +VOH
[POFT PO UIF VOJOIBCJUFE TH
BSF GBBWRBEFOUMZ EVF UP BH
TIUFWFSBHF DBUDI SFQPSUFE
DPOTJTUJOH NPTUMZ PG DBSB(
VSF 6B

Se>E ">

#BMB JEBM JT B HIMM OFU XJU
OFU JT TFU BOE BODIPSFE JO U
EFST BOE DIFDLFE GPS DBUDI H
HFBS JT VTFE NBJOMZ JO UIF J
FSO MBHPPO BMUIPVHI BU MP
BU TINJMBS MFWFMT UISPVHIP
OFUT BSF PXOFE CZ 067 GBNJMJ
GBNJMJFT PO B SFHVYMBS CBTJ
LH BOE DPOTJTUT NPTUMZ PG D

Se>E >">e

#BMB GBEBM JT B ESBH OFU P
TPOT hF UFBN JT EJWJEFE JO
TUBZT PO UIF TIPSFDTRRGEBEI S
UBOHVMBS OFU Aio6iN MPOH B
TJ[F PG 6086 NN hF PUIFS HSPV
XJUl DPDPOVU GSPRNEECBWHES U
GPSNJOH BO BSD hJT BHHSFH
UilPMBBBMB JT QVMMFE UPXBS
EBMIEBMBBUPST UIFO RVJDLMZ
OFU BOE IBVM UIFN VQ hF HFB
NPOTPPO UXP UP UISFF UJNEFT
DMVTIWFMZ JO UIF VOJOIBCJUH
PDDBTJPOBMMZ JO UIF OPSUIF
UXeéBMB GBEBBIMPO UIF JTMBOE

N BWF B O YN FISFPRGT O BNUBASHBEV BWWESB H F
SFBRPUOBFEOTQH IBOMOMOEBOHUNBO Z
DPOPOTPPO TFBTPO JO iio UIF ESBH
QMBDF 0671 UJNFT D UXJDF B XFFL ¢
HVTU hJT NFBOT BQQSPYJIJNBUFMZ
DHXKSBIDBVHIFU MBHEPYVS NP BUSFWHE JO
TREBOIBSRVHIPVU UIF ZFBS BOE
BU IJHIFS GSFRVFODJFT EVSJOH
HYME BOE "VHVTU hF
VUFF®0 CBEMB PBSUDB TUT MBFQUEJJOH GS
3 WEBR MBOI MDUFS PGB A JUBCMEF 8 *U U
JZFBSPBOE HOLBMMBOMHAPOFT XJUI P
D HU EPTV HNTOTBVIGIF S W1 B @ B SFBG SIFR VIRE U M 2
VSF 6D hF HFBS JT QSJNBSJMZ PQF
UIVT OPU JO UIF JNNFEJBUF WJDJO.
DBVHIU BSF QSJNBSJMZ TIBMMPX X
| BVNDR TRTTD B-S B G HAMEOD 6HPB UhETI BOE |
IF MBHPPO DMPTF UP DPSBM CPVM
"WESE URP*PS UISFF IPVST hF
O HEBOMIR) BE JZBDW JP® PIG SAA KFAGUOH J1
N FWE 8B B\OOEMW { PZ-BTS KB T MZT 5@ |
VW BFFOEFB $S MNHBSIIMECY TEB MBE JHB MJ J
FTUIBVUWBWHBSE € UFO MY BIBRMOEXOX B U F !
I &do BIWN SBHFHDBOD [ dd B SEPR/FIE X0J U |
BSBIOBSETVEYB MK B PQFSS BWBEMEZSG P\
JO B CSPBE BSDI BOE IBVMFE CBDL |
mMOBM TUBHFT PG IBVMJOH UIF GPPU
N FES K B Z PUO BIWD VWP BIMBIDDI A TR O 0B iT PR QS
UPP YN S HSIOWHQGSPR FUHSEGRQUPN hF D
BOERZ 8 POFEFSBUJPO UBCMF 8 XJUI DB
DEBARYRSIUAS XGW IBTNABCMF A " UP
Q WFBSAT BC 3 F SN MP BV SPAX UIF POF ZI
IFNEBBGOH BQQSPYIJNBUFMZ 886 UPOT
BWAJTTUNFUNFE XIBOMBGBMMPX
DET UIF TIPSF hF
7 DISDME>UPF M ARIPXJUI UIF
S, PMBFEIJPBM B EE SFISUZ BMF mTIJOH
@PNXFPLQSBEUBRM R FBIAE FYBTUJIJNF G
"EP[G O ®OUFBE BMEIJNBIOBIMUBF VB IMFJ
SOUBNE B PYVHMWBHPRIF AFBE RISF JOU
CYOQHP DMYSFEB FFAQEBBLUFH UIF NPOTPF

3\
/

oo



UJWJUJFT BSF SFEVDFE mHVSH
mMBNFOU XJUI B IPPL BOE B TJ
PG XPPE BSF VTFE BCPVU GPV
8IJMF UIF NPTU QPQVMBS SPE
IBCJUFE BSFBT GSPN UIF KFU
XFMM JO UIF FBTUFSO MBHPP(Q
DMFBS GPS IBOE MJOF SFnFDU
UVOJTUJD DIBSBDUFS PG UIF |
BSFBT JODMVEF UIF OPSUI TIPS
CBS BSFB BSPVOE UIF SFFG 'JT
QFS BOE PUIFS TOBQQFST DB
mTI

> 0"E*eAZ

$IBEVN QPSL PS IBSQPPOJOH

SFFG BSFB BMPOH UIF FBTUFS
OBOUMZ JO UIF VOJOIBCJUFE

FYUFOU JO UIF JOIBCJUFE TFD
JT NBJOMZ B GBJS TFBTPO BDU
DMFBS EBZT EVSJOH UIF NPOTH
USBEJUJPOBM CPBUT HFOFSBM
hFSF BSF 0071 HSPVQT PG POF

QFOEJOH PO UIF DSBGU /P QP
-BSHF mTI TvDI BT TFFS BOE S
BSF DPOTVNFE GSFTI SBZT BSF
TVO ESJFE

LD eSEXT 7>

$IBMB QJEJLB mTIJOH CBJU GH
PVU VTIJOH mOF NFTI OFUT PO
HPPO BSFBT $PMMFDUJPO PG
UVOB JT mTIFE BOE TP BMNPT\
UIF GBJS TFBTPO BMUIPVHI UIF
UJPO BOE UVOB mTIJOH EVSJOH
FYBNOQMF JU JT LOPXO "HBUUJ
JOH JO "VHVTU JO Aiio XIJDI (g
TFBTPO 00 "HBUUJ CBJUMTI B
FSO MBHPPO QSJNBSJMZ JO UI
JU TFFENT MJLFMZ UIJT JT NJORH
UIBU UBLFT QMBDF JO PUIFS B
BTTPDJBUJPO XJUI UVOB mTI1J(

F &OFP MAURDQUM P OBROE "MIBQWRJTD NOPDOWPV EFT EJH
O GB$ NS NFMIFEB BIFPRSWFOEOE @GBPINFUIF TBOE
S UINNMBBAP®SGERSAOBNMPBBGPHEBOE MJC
mTIJOH BSFBT BSF JO UIF JO
U JFYEJ®D>OIF XFTUFSO MBHPPO BT
HFPGH S BIFRIO®JI Q B WTFSPU BO®FINGPBUBO
J KD D FF BINWIS\PNUZUEG FBO B IFQ'@BS UJ JTMB
P QFFHUPRO CEZHYVSNFOFBT1IP IV EBS UP PC
SFDRRPBUZUBOSPRTIOWWPW\BOE XPRFO BT XF
| PSNO | UBSFMFBIBMEZ BPEUTPBFQ QPTFE B
SBMPHPIEDHFE R E SIPSXSBOTE BHPBPUIFS SFT
PDUPQJ UIFSF JT BMTP B UBSHFU mT|
SPET BSF VTFE UP QSPE CSFBL BOE PV
'JTI BSF DBVHIU CZ QMBDJOH OFUT BSIH
JITEBPSTSXFEDPWBESBQIAG AFVRIFO PS CFBU
O AVEFBPE UOR R TWM B GOH UQ SFEWR UIFSF J-
P& M F B D O MT BBTO WPR) B PISRUSAOBRITQ JD BDU
U DPJOV MGU B LFF X8BFOT4) EBG HVFBHPOODJIBT GP VI
JVBIJFE PMUIRPOIUQNMB WUSPV¥HIPMUPURPPD ZF
PPOFQYF®IEBZTIPIGE ISR SPOMVUIEF mMHVSF ¢
M 3 MF GUHF IR PBIQR SPTV LBGAPFB SE FFAD B POPTUFE P
UMB UIBFHFMFFEBFE S HFBDH 6E F
XFSFE TQFBS HVOT BSF VTFE
B Bquba Bjving amiSpprke)ipgEToudsSI MF m T |
DAVFU EJJONUAP JTONEBWIN SZJ BD FITTUUMBW B RUT J
$PNNFSDJBM UPVSJTU TDVCB EJWJOH |
USPEVDFE XJUI UIF PQFOJOH PG B EJW
AiTo %JWF TJUFT IBWF UIFSFGPSF PO
> SQUM P SFFEO B \WT IFFS\VZS IJTTUD BESSSRIRBBLFO UP

TBDNEZQFPUIUPNT UOFINBVMMBBS MBYFOUMZ V

C EENUDYUTR SIZN BMMWWRTU KB W POUUFFUMBRPP O BC
FM B MABTTIUNFISNDZ STFF 16 M FD WNRPET I WPSE) QUUHF H V
- ST B8O EGFFBHO BFTPSUCBIE PEOMEK BUP VS,
i UIFBNPROOME Giom IDMEFUWIGGFRFOE VQ EP.
MPXEEWF® TUUBSPFRE WB/OP W PIG QPUFOU
BRMNWM FX UUFJ)Og Y +F DNPFSBTW EMFBDIJOH BOE
SFE VYD VMM DBPEBM PIDAMZFIOCZIB RFFTUUJNBUF
F OGXBTEEPEEH QRAFWIHSBM MBSFHFBFSBMUIPVH
SFUPBMBS FECYVR EBP D BSMMEDIUUPAOOEJDB
SPEFOUVDY BQMIF PENE BISWBEBF JIOF mTI QP
HOQUWSRWFE UOPOINBOIZNBIFOAMBEBEUBSFBT
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BOE SFFG TIBSLT BSF TFFO GSH
SFDSFBUJPOBM EJWFST

SUMMARY AND DISCUSSION

.POJUPSJOH UIF EJ FSFOU UZQ
DBSSJFE PVU PO "HBUUJ *TMB
CPUI UIF GSFRVFODZ PG F PSU
BT PO USFOET JO UIF VTF PG U
EFWFMPQNFOU PG HFBST BOE
UBODF PG SFFG SFMBUFE BDU,|
JTMBOE DVMUVSF

'JTIJOH XIFUIFS BT B DPNNF{
JT JOHSBJOFE JO UIF DVMUVSF
UBLF AMFBWF GSPN SFHVMBS
BOE ZPVOH CPZT TQFOE UIFJS

GBJS TFBTPO hJT JT SFnFDUFE

PG SFFG VTFST J F OVNCFS H
FYUSBDUJWF BDUJWJUJFT PO §
0iT BOE TMJHIUMZ NPSF EVSJOH&
UIF NPOTPPO %FTQJUF NBOZ
FSOJ[BUJPO TFWFSBM PG UIF
NFUIPET PG TVCTJTUFODF SFF(
TUJUVUF BO FTTFOUJBM QBSU
LOPXMFEHF PG SFFG SFTPVSD
BOE XJUI TP NBOZ QSBDUJUJPQC
CF QBTTFE EPXO UP GVUVSF HH

hF EBUB HBUIFSFE EVSJOH P
NBUF PG UIF BNPVOU PG mTI DB
SFDSFBUJPOBM SFFG CBTFE mT]
SJPE NPSF UIBO o8ii NFUSJD UP
UIFTF NFUIPET B TJHOJmDBOU
PUIFS EBUB TZTUFNT TVDI BT
"JTIFSJFT %FQBSUNFOU hVT Ul
JOGPSNBUJPO PCUBJOFE UP EBE
BOE UIFJS JNQPSUBODF UP UIH
MJOF GPS TUVEZJOH GVUVSF U

8IJMF UIF FBTUFSO MBHPPO
[POF JT UIF NPTU VUIJMIJ[FE XJ
BMM UZQFT PG SFFG SFTPVSDF
UVSOJOH PG DPSBM CPVMEFST

"RMBBPRNZ BB GBDWPBASUDPW BULFSH
TJHOT PG PWFS FYQMPJUBUJPO BO
NBJO MPDBM ESJWJOH GPSDF JT UIF
UJPO PO UIF JTMBOE BOE DPOUJOV
FYUSBDUJWF VTFT *O 8863 UIF QPC

FUIB® 8FFIG *F MB& DEFBORJWN BUBP O

OB @S PN\PIEF U | BOGPSNBWI®CD JOOIBMG

T BOE BMAES XHE I BIPEFS 0 J[BUXFO MW G

S B\EFJQU PLOTHME HEB B SITV 1B HESEBBUQB O TAY

Q SSBIFUT ) DXFBIU FESO B @B MB A RN@ B FG SF

I WIWTDEBJOB S JO/RREZ VMG W FiV B ISPFFBE T UB DI

UBOU UIBU UIF SFFGT BOE SFFG VT

S DBEBMPBEBUBIPQ BF BPMSDOZ VTF BOE

BOEF QFEGPIF PGIEORUJBMBBDE UADO BD

K FOCFT SUFRVEPE D B D D BIE DMHBIZU JW JU JF-

W B D BW B POUT Fn T DIBXS-D EV B FIH JOIGP SN B |

DB U FFE BRADRUSIBAHIFU EBT MBD B VINEFI B D L

» GRYBPQVGEZIOW BVMWGE EnTOF EISFBOE P

3 OZI FH W B OP E B30 E Y81Q RIS P B BISWVOE | BW

| BIFFGEBOIS OFBFPDBSIBQEMVSNPS GPS

E B\Q EMBP@BWNF DTUFTT PGEUISEFBDET JO CPUI
BL/EIEEODB N BPEF JIDESHFOPE T BN (

5 mMITIOHVBISE FTEB WM WP G EEBOESDPE FE

R/ WD BPQ M FPTQ AVBIRAURTP O* G EUH FUO P VJTO \

E TN PO TWR SIND 19 SUFRMBBNM FIADD N1 @ E'HBHU Ui T

FSPUSPKMFESIF EVSJQHIMMJZIBBO JO

£ O F SSFWIPMDAQNFOU BOE FYQBOTJPO P

D FG 3 PBISUQFS FEVB WBF B PAVOMFDWFE UIVT G

VBEG QUSBYHXIFSETUENGRIDEH S PSU T

| FSSRIFFFTD Y6 W SR 0'H UM B UTJBPNOQ MIQ OH FQA S P

DTSPIBPBPNV X FEEUBB X HUU MHIES TUBUJ"
DBEDU T IBIB U TDY B S FFDNWM B EDFEEOJ PO M Z
UXBD CRJBH SNBFOBBYWRPCDBO CF

JTT THE P @ SRWF SBAVEMUQB BOMZOT BOE

3 UB VFBOV UTIB NTQINIFF PTG [ B F FRSS niFVIBEIS QIMTF U
JIOBIDB UBE b TQ B 8 W FBATP 8 BAVBITUZ X 1 J

SROPD GPS GPDVTJOH TBNQMJOH PO

B PE TS BPGFB® IUTF BITPIG CIBFIFS DBSSZ

U1U DS WHA WV W T FFGZIBESSV FTUJOH PG

T LWSBNP@WIOHOCSFBMBIZFEFMD PR BS (
BIDFES UB JFOO F YUF G0 UWBFFEFFQ BBE VS
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JTUJDT XFSF BMSFBEZ SFEFm

WJEFE B KVTUJmDBUJPO GPS U

UlBU XIJMF UIFSF JT B NBSLFE
FSO BOE FBTUFSO MBHPPOT J
TUSVDUVSF FUD UIFZ BSF R
hJT JT TVQQPSUFE CZ UIF SFT
JPXFWFS UIF SFTPVSDF VTF N
EJDBUFT UIFSF JT B DMFBS EJ
HPPO BSFB BEKBDFOU UP UIF J
BOE UIF BSFB BEKBDFOU UP U
MBHPPO mHVSF =+ hVT EJ FSH
UFSOT CFUXFFO MBHPPOT SF
TUSVDUVSF BDDFTTJCJMJUZ B
XIFSFBT EJ FSFODFT JO SFTP
UIF MBHPPOT QSJNBSJMZ SFnF
NFOU BMUIPVHI DFSUBJO GFBU
QMBZ B SPMF 4FBTPOBM SBUIF
HFBST JOEJDBUFT VTJOH TBN(
BOE UIF UXP USBOTJUJPO TFB

o
(@2}

D FTH PBXT QFBAJTUFFSSADFTE PGBWTUFF SOE SSPPSE DI
IJGPSMWFME PCTFSWBUJPOT JOEJDBUF

EJ REFOBFUCBURBE@SHIMBRDBPBDI UBLFO
D WFASNTJPT NEBSHHSERLIZIBEFST CFOFnN
JUIGWMPMAHFREPWT JOOUFSBBMMZIJUIFT BC
P VESEDUFB V KFJB P O J UDPFSM ® A DEEREB X JU| OFFE’
P QUIJPROS J@H NEJBDEB BRO/ES WISBTF@WUFE UP Ul
F SFOMFHI G VTV MBRBUKFIRDOB ST MIBJT QB S U
O IBRVSIFE \QTPRSUN BO PRSOT FBIDTUMBZD EW P M W
F UJGnIRE BOZJ U FFEN BBSTF BNXQIRISUB CBU UP JO D A
OBBUJMISFAPVSD R FSBIQOFMBS MJIOLJC
" FIDRIO MBRHSPIROH X URJS BSFU PSSR DTF BOE I
O EF BI\W BU M BIGUMN DZ SBG FU BSHSF N BEDROT
V SSIFF GO/ VR FQBBU BWSGTFXQMRIIUBUJPO PG

D UPXSRY ¥MNIQM B PT UNSNB O FTFUWMFBT SFTF
VSO W BVE BZDWEGFDT | BOFDAMU |BMTPW JS P
S UIBD N\P@BDMZ WG SFBUPIMID FOB WBTW B CJ
) MB)OBIS PGB TP EUP POB IJBO B XOWMAMP BMTP CF
T FDOBTQ BNDIHUIZ) PGF TTMB DRIFFOME ST UP JODSF




BHFNFOU PG UIF SFTPVSDFT PQ
QSPKFDU XJMM DPOUJOVF UP F
JOH BDUJWJUJFT BNPOH mTIFS
TVDI BT DIJMESFO )PPO ,BOW
hF POMZ PCWJPVT TPVSDF P
TPVSDF VTF JEFOUJmMFE EVSJO
HPWFSONFOU BOE MFHJTMBUJI
QPQVMBUJPOT PO UIF PUIFS Q
PQJOJPO SFHBSEJOH SFTPVSD
MFHJTMBUJPO JT SBSFMZ FOGP
EPSNBOU hF EBUB HBUIFSFE &
DPONnJDU CFUXFFO EJ FSFOU S
UVOB CBJU DPMMFDUPST BOE D
FOU HSPVQT HMFBOJOH UIF SF
SFOU MFHJTMBUJPO CF FOGPS
UJPOT UP MIJWFMJIPPE PQUJPO
PVT DPOnJDU CFUXFFO SFTPVS
CFDPNF NPSF IFBUFE BOE DP
DPONnJDU CFUXFFO SFFG VTFST
OFX SFFG VTFT UIBU BSF TFFO
MPDBM QPQVMBUJPOT NBZ BHH
MJHIUT UIF JNQPSUBODF PG SF
BOE USFOET JO SFFG FDPTZTU
EBODF BT XFMM BT UIF JNQPS
TVFT BNPOH MPDBM TUBLFIPME
QBDJUZ UP QBSUJDJQBUF JO S
'PS FYBNQMF UIFSF BSF JOE]J
UIF BSDIJQFMBHP XJMM EFWFM
GSP[FO mTlI UP UIF NBJOMBOE
FSJFT %JSFDUPS QFST $PNN
UIF -BLTIBEXFFQ BQQFBST IFB
QBSUT PG "TJB XIFSF PWFSFY
EBODFT DPOTJEFSBCMZ F H #
LFU WBMVF PG UIF mTI JT B ES
3FMJBCMF EBUB DBO IFMQ JEFOQ
BOE TUBLFIPMEFS QBSUJDJQB
DBO IFMQ QSFWFOU UIFN GSP
DSFBTFE DPMMFDUJPO PG PSO
WFEMPQNFOU mTI IBUDIFSZ J
PO "HBUUJ BOE XIJMF UIJT DP
FYQMPJUBUJPO PG UBSHFU TQ
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Alternative Livelihoods as a Tool for
Sustainable Coral Reef Management
in Sri Lanka
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Total Relative Impact
at National level*
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NVOJUZ QBSUJDJQBUJPO JO SF
$;.1 IJHIMJHIUT UIF JNQPSUBOI
UJWF BOE MVDSBUJWF FDPOPN
BSFB BT PQUJPOBM FNQMPZNF(
QMFUFE mTIFSJFT BOE DPSBM

MPU TDBMF UISPVHI UIF JNQM
.BOBHFNFOU 4". 1MBOT B DPN
SBUIJWF QSPDFTT JOWPMWJOH
QBSUNFOUT UIBU BMMPXT GPS
PG DPBTUBM SFTPVSDFT JO B
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NBOBHFNFOU UPPM UP NJUJHB
TIPSF SFTPVSDF EFHSBEBUJPQ
SFWJFX XBT UP TZOUIFTJ[F FY
JO QSPWJEJOH BMUFSOBUJWF
SFTPVSDF VTFST NJOFST mT
EFHSBEBUJPO BOE UP EFWFMP
TQFDIJmD UP UIF 4SJ -BOLBO D
PNNFOEBUJPOT XFSF DPNQMLH
OBUJWF -JWFMJIPPET O0SPVHI
OQUJPO GPS 4VTUBJOBCMF $PS
.BOBHFNFOU JOBSBSBOLBO h
BDU BT B SFTPVSDF HVJEF GP

MFWFM NBOBHFST PO GBDUPST

EVDJOH OFX MIJWFMJIPPE PQU
DPBTUBM SFTPVSDF VTFST hF
BOE UIF 4PVUI "TJBO $PPQFSH
HSBNNF 4"$&1 XBT JOJUJBUF
BVHVSBM TFTTJPO PG UIF 4SJ
KPJOU WFOUVSF PG 4"%$&1 $03
3FFG .POJUPSJOH /FUXPSL ($%$3
"RVBUJD 3FTFBSDI BOE 3FTPVS
/3" hF NBJO mOEJOHT PG Ul
CFMPX

FINDINGS AND DISCUSSION

Reefs and livelihoods

hF SFMJBODF PO SFFGT GPS M
UXFFO MPDBUJPOT EFQFOEJO
SFTPVSDFT BOE UIF TPDJP DVM
DPNNVOJUZ 3BOBTJOHIF 0gg
SFWFBMFE UIBU UIF BDUVBM Q
EFTUSVDUJWF BDUJWJUJFT BO
FJUIFS OPU XFMM EPDVNFOUFE
FYBNQMF DPNQSFIFOTIJWF TU
DPOEVDUFE CFUXFFO 0g+7 BOE
DBQUVSF PS BEESFTT NPSF SF
FWFS TUVEJFT IBWF JOEJDBU
FNQMPZNFOU PQQPSUVOJUJFT
HBJOT ESIJWF QFPQMF UP VOTYV

U R O SPEMJI SIRVFFGH B0 ENPOJPH PRBBIF SF
QP S\UBBI®U PEXFDRSWF BIF GIEDU UIB L
Q FEFIFFO/SOTF H BEYDFD UQ @ IFSEBFDUFE
M UNVBNDJI LPFP B IFQIUGP S TGEP S BPEBMOSP
FRMBEOFE GSP N PQIRS[RU SFELUIJPOBM
QDRIWFNM PBOSBDBENNFMEEBWPXP BEBCMF
PBWFYUNRF SHWDBN EDPENS¥DJUJFT C
ESTOT B BXOMBLC MG IBINWIVEIUJFT CZ UPVS
*OQWPNE T%PW B E§DJ DB UIPONIDUIOH J(
BMISNFGPXBEET TPOUBUFEIOBENAT S F K
- OPBBMJOFMG SFTPVSDFT DBVTFE CZ
S NOFPSWJ B Q@ QBBIFFGT B E I A SFPWQOEMBUJP
UPTCFIPROTUIEBSFE XURNMEZ GUSP OFY
1 POWZ TUPQDPSBY BOFIGXBB D PYBMSSFFC
Q SIFFIOFEDTUP G VW E FEFS D BOW %EOCFOFm U
3 UB WSF ZOWZ BRENFNONF ESPUFMZ B FDU
E BO XGSIMBiRCBQPMBDDIJNQMFNFOU
-BOLB $PSBM 3FFG 'PSVN B
%SuBcedsdsFand faiRIGS M $P S B M
. | of gliermative ljvelimpodiproi3 ¢Sy
L DFJU % B WIFRVOPTQWE BRUIS "XIOD BMUF S OB L
F JQWERERDF EJBDBTNBOBHFNFOU UP
VOEFS GPVS IFBEJOHT XIFO DFSUB
JUFE VOEFS OFX MBXT BOE SFHVMB!
NJOJOH VTF PG DFSUBJO UZQFT PC
FUD XIFO BO BSFB JT MFHBMMZ EF
SFEVDF QSFTTVSFT PO OBUVSBM SF
QSPUFDUFE BOE UP FNQPXFS DPN
J\N BMJIORP B SEPDEF TGP PHEF \BBSIMEXJOH T
H POT U | f GEJIDOFHITT PG M B WF $EM SFFIU J E
1 UVS\BSD € BOLIFSSPVOEFSGULAMB EPWS DP
65 hF QSFTFOU SFWJFX
V NAGER-S™ LPIG e OFoev® KM ™0 O WAREND WIRE ™ igUc A i} €
E 0l FAIS) ME@VIFBM B F BVFFQHF)O MFBQUDIP B IR
PIBS UIIBEBRUBJBESV WY BOEUBEN@BFY |J
/EMBW FP O PCSBB3/B N JWIOFS X BXFSMQP TFE
30 0 BOETUIBSPOAFSWEBJIJEPU"DU /P
D F'OIG @ E NFANFI$ H PGCH 86TV BDE)BX 235 hF
- EUUVABAM @ AR ESD FE B B T PFRD PBM M J C
BEE GTVAS U TOW/MS NB TnOBDIUITBWM S FMB U F
TWUSP OECMBFPNOFPGP BT WS DB S BN TN O J C
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Tale of two cities:
Unawatuna and Kandakuliya (adapted from Weeramunda, 1999)

hF UXP DPNNVOJUJFT 60BXBUVDBSBBMWME ,BIGEBUMNIBEBF DPMMFDUJOH S
MPDBUFE PO UIF TPVUIFSO BOEFPRMF XOT UFGOBDYRBRIVUBSEP OPU DPO"
TQFDUIJWFMZ SFQSFTFOU DPOQ@MBZUINOMH BFNRHSBUBOLD BPEF TVHHE
FDPOPNJD TJUVBUJPOT 60BXBOVYOBQFSDHIWE VISFCBIDSIFPE DPOOFDUJF
IBT B IFUFSPHFOFPVT TPDJBM BRONQPAFEGIFBMBOENEF QBOEMBSHFMZ CF
QSJODJQEBMMZ PO UPVSJTN GPODPOTUFDPPORBMPD NIV IGABEOM XBBSEOFTT
JOH HIJWFO VQ USBEJUJPOBM n8OEBHVMBZB MBIHFN FGUNBNM FEVDBUJ
,BOEBLVMJZB PO UIF PUIFS IBBEQWPBNFBW HFOBFSFNIBCBMBODF B!
UIJWFMZ IPNPHFOPVT TPDJBM EPNSQPHIUDUP @ TBOEGHTRIIJWMAB EFO BSF IJNQ
QFOET PO mTIJOH NVFODJOH QFPQMF T QFSTQFDUJWFT P
"DSVDJBM GBDUPS JOnVFODJRMHOW F*QPSHTF @MIFPOOPRGFPBPRSBU UIF FL
BM SFFG DPOTFSWBUJPO OFFEDBUNYSBIMUSFTP DN BMPLOFBTT OPU TV
JT UIF JINQPSUBODF BUUSJCVURNB OPHFINNFODRSRMWIS BF P G JBPIN QFST
MPDBM FDPOPNZ hF QFPQMF PG BOSBHB XJOIBI I8BWHF CEFORMM DBSFE GP!
mFE SFFGT BT B SFTPVSDF CSJ@SRANHVVEIBFDWBOBOMBEBM ERBOVSIFGTT I P £

UISPVHI

UPVSJTN BOE IBWF UBQFRJIJDUZFE)RFDUPIROFUPFD SABIMIJTUJD BML

SFFGT CZ TFUUJOH VQ UXP DPOUBBEWB UDWDI BAFDQSBNFPIUBRPE FPH FD P UP\

POQFOMZ PQQPTJOH WJTJUPST XIP

UIF MPTT PG MIWFMJIJIPPET PG
UIF $$% UIF JNQMFNFOUJOH B
QSPWJEJOH BMUFSOBUJWF MJV
FE "T B DPOTFRVFODF UIF TP\
CFFO UIF HFPHSBQIJDBM GPD
06+ 60OEPVCUFEMZ UIF NPTU
QSPQPTBM UIBU UIF NJOFST TI
FWFS FYQFSJFODF IBT TIPXO U
UJWF BT JO NBOZ DBTFT XIFO
FBSO NPSF JODPNF GSPN mTIJ
VTFE GPS NPSF F DJFOU DPSB
dgpgfi 1SFNBSBUOF diio "OPU
SFMPDBUF UIF NJOFST UP OFX
FODPVSBHF UIFN UP FBSO B N

IBSN UIF SFFGT FTQF

T F¥BFSB MUMPX TiB GEEFTT PSIQF P QBIFS FBVOFED B L

H PO DIZB X\BXBS% JWB DIRPCRIVM GP3SFUBSJBU
NV F MAU R EE FPIQIB WPRO $ FWPF B MPFTEF LB BAD th O E J G
UNKG T UGBS QPBJMBM ORCPAMMBFE JO UIF
TPROG TF$WF $ BB/D GBDUPIT TOOMVEJOH M
QWP JIDAEB 3 TP P Q FIS@ IXBST UJMO PXOFS

PYRBEFUNGQ QPIWIEMBHM XPSLFST UIF TP
| BRG W OF QS FOPRTBEHMPW BWIUPSEB BOE BI
N DCPRSNTV RESBFHIWBO CPBWINU® dogi (.
OHSBNBESPBOF XFIOF BPBBABEJOJOH DBO
M NS BITMQBWFN FQUBSZ JODPNF HFOFS
IFSIAS/SBBEBX WIPEOMBITUR QSINBSZ JO
HFW Pl B8 R0OLD B/ OWRTSEFUJRYTUBOE BT mO
JWBOBMUNSPVBHBPS NPSWUVSOFPSEFS UP
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>AiE-IO"PEO

Provision of agriculture lands for miners in the Monrovia Estate, Hikkaduwa
(Hale & Kumin, 1992; Wickramasuriya i E 3 1999; Andrahennedige, 1995)

*O 0g+g UIF (PWFSONFOU JOJUWLBUHE W KR NPRBUQSHPNHRSBBIWI OO JU JB
QSPHSBNNF UBSHFUJOH 0ii DPSBRONIDO QBB NXABH TF8GI®KB OVUT
UIF DPSBM NJOJOH GBNIJMJFT JCRIFUBSFB XRSEFFOIHBNBR B3PF PG U
UBHBNVXB BOE 8FSBMMBOB BSFB'TTRGY DZFD)RQCERNBPVWXE %0 dgg0 SFWF
WIJTJPOBM 4FDSFUBSZ T %JWJTQF® QWA QKSRPIKCFCEU KIB T (BSINHFEBBNUIN F - E \
QSPWJEJOH CFOFmMDJBSJFT XJUWBEHBODVRSBAN BIMOMBBGIEXIDOM.PP 61+ KF
OPSPWJB &TUBUF MPDBUFE BCBPVUI&@ ENEBBRBY 8%XOPNBWIFSSBOFOU
OBUJWF QMBDF OUIFS GBDJMJUQBPNFK MFBFNMPXBTOEMMPBIPIXFS Ul
GPPE TUBNQT TFFEMJOHT BOENBKWFEIVMUVEBENM XEFBFODPMMHFDEP S
BMTP JODMVEFE UP BTTJTU UIRNIGBEBFBDFTP Y PXBEKNIT LA WIF INJIN |
OFX MIWJOH DPOEJUJPOT hF GARBSITBOENY IFD GBRIVNIFEPSS-NBJOF
UIF QSPKFDU XFSF QSPWJEFE CQJDAWHKS BMDPROVRISMREETU BOE 0 PO
TFNJ HPWFSONFOU PSHBOJ[BUJAGTFTY®TFRU YWHH BEOME i GBNJIMJ
"TTJTUBOU (PWFSONFOU "HFOWMJOJUH BTDBFO JOBPNF HFOFSBUJOH
-BOE $PNNJTTJPOFST %FQBSUMBMEE %6 QBBWINWFIOJIIFTGTVDI BT BHS
"HSJDVMUVSF /BUJPOBM )PVTCO®N SHEWE MFQIEGFENQMPZNFOU "SSP\
UlPsJuz /)%" $PDPOVU %FWFEFQRMROUBSIEISEUPBE) SFNBJOFE PO
QBSUNFOU PG &EVDBUJPO %FMRIBWF NFAOFOHIKDIBGE6 BNMRES SFDFJIJW
5FDIOJTDIF ;VTBNNFOBSCFJU (NGG)PNSBDBOWJWIFFT TVDI BT TNBMM C
$PBTU $POTFSWBUJPO %YFQBSUNRGE MB®BPVS 0G UIPTF GBNIJMJFT
OVU PG 0+6 BQQMJDBUJPOT SPBFIWFEM d & NGFBIN JBVBIFFMTOXF B¢+ XFOU
TFMFDUFE BT CFOFmMDJBSJFT CXOFs BNBU4FWBME4JI®DPNFTHFOFSBUJ
PG UIF SFTQFDUJWF EJWJTJP O ™MJB0O EMF B B MEBRQLE R\MBIN XEBTOH JIWJ P
FO CZ UIF "(" )JLLBEVXB "T B SFOVWMEB WGEDUIGIBRCZTHF® DFOPSPWJB &T|
PG DMFBS TFMFDUJPO DSJUFSJB hB-0G& PEWNF PXRB @HP & BUDIDRBSVIT JBCAUCHABSEIK
FODF TPNF OPO FMJHJCMF GBDEMIPG WIHQSFHAIBNNIFNF O
BOE GBSNFST JOJUJBMMZ SF De J$NPFOEN MBI Eh FXI3 BEMIBUIP® TBE) CFUXI
UupPp CF SF BMMPDBUFE XIFO UIFMBEFSAVIOBEBIR ETOBLDEBENBESFB XBT
LOPXO hF FOUJSF MBOE BSFB PG YTFGFMJB UFFDTPFUTUNIBEE PBEQSJWF
g0 CMPDLT BDSFT PVU PG XIJDBOQBHFOVBFOWEOEPBE®DBD BUTPVSDF F
0i SVCCFS BOE 66 DPOTJTUFE PGXBBSFSMBOEVTIMDNDPBDWAPS UIFTF
BOE SVCCFS MBOET XFSF EJTUSIMBMHHKFE BNPOH +fi GBNJMJFT
XIJMF 660 GBNIJMJFT SFDFIJWFE 2 GB B\ 5B FFOGJ UBDFP MB OF- IBMIPNF G
5XP BDSFT PG CBSF MBOE XFSF BBFOUBHWBWIET BBIUBUDFF NFUBBE XBT G



MFWFM MFTT UIBO 3T
no+ PG UIF CFOFmMDJBSJFT
HSBNNF BT UIFZ FBSOFE OP
-BDL PG USBJOJOH 4FUUMF
WBUF BDDPSEJOH UP UIFJS
DPDPOVU BOE SVCCFS MBO

i ovT

@FSBRNP WG GBOEHBMBPNWAIEBOE GVOET #B
EJUGCBOUIP\GRE WIF FQBUF XBT MPDBUF
JODPNEGCEBRWUF MBKBEMUI BOE TDIPPMJ
ST POJXFEOSF MBOET DPVME DVMUJ

QSFEPEFODBBQBDITFAUUNMFI THPWFSONF(
ET IBBSNPRVWARJIJDF ONVOUMBRFOUJOH UIF Q

UBLF VQ UIFTF BDUJWJUJFT 4EUWWMUN PO JOVVOES SWEBQHEDH BDUJW
TV FSFE EVF UP MBDL PG FYQFSIJFRBA UVOFMBWHIXLBB QOB@WHEDFTTBSZ

BOE QSPDFTTJOH BOE UIFSFGPISBOP\$B TP/ IDFTUO'PBIBMBINQMF

UIF

|

POMZ 6 GBNJMJFT SFNBJOFE h®SPWJIEBZ RNESBIX®HMHPBOT GPS POMZ

BHSJDVMUVSF BOE POF XFF

L UDBBGJIGH BOHELUMMN RBROST SYKCSF OPU T

CFS USFF UBQQJOH QSPWJEFE TOFSBWBF IPF¥THFAT FIAHWANBFO WP OJUP S
XBT OPU TV DJFOU GPS UIF TFHIBNNSH XBFIT BPRVQBFTUOAMF EVF UP M

OFDFTTBSZ TLIMMT

GVM B8IFSF NJOJOH JT B TVQQ
JOH BDUJWJUZ QFPQMF NVTU
EFWFMPQ UIFJS QSIJNBSZ JODH
TFMG FNQMPZNFOU JO TNBMM
BMUFSOBUJWF TUSBUFHJFT PO
BSF QPPSMZ QBJE UFOE UP CF
MIWFMJIPPE WFOUVSFT XIJMF
PQUJPOT UP LIMO PXOFST JT N
DPNF JT TIHOIJmDBOUMZ IJHIFS
"OPUIFS FYBNQMF DBO CF ES
PG UIF UVSUMF OFTUJOH BSFB
JT QSPIJCJUFE JO 4SJ -BOLB V(
OB 1SPUFDUJPO O0OSEJOBODF T
WPMWF MPDBM DPNNVOJUJFT J
uilBu JT EJ DVMU GPS UIF BVUI
$POTFSWBUJPO 1SPKFDU 58%1
FHH QPBDIFST BT OFTU QSPUFIL
OBUVSF UPVS HVJEFT XJUI UIHR
S5PVSJTU #PBSE BOE UIF 4SJ -B
PG UIJT QSPHSBNNF XBT UP Q§
MJDFOTF UP UIF USBJOFFT TP U
GSPN UIFJS OBUVSBM SFTPVSI
EFTUSVDUJWF *O B SVSBM QfFf
XIFSF UIFSF JT B MBDL PG TFS

MANPOQUR SPKIKCDP DB BOPSBEBTF UIF DPN
C RJ FIO® BWSFBHF B BFOEPBNINNJOUWBE OP BMTP
NFDPROSSDIET JTYDFTBThmIFBPSF BDUJW.
CVOONBFTRFTIAFBNDUI PEMIJOR BBROEMNBJIOU
BTOUNRMERESH B8MBP, BMOI RKWEFLIISHT RPN N\
NFOS U DRI BP 8 EBUMN B XDFWR EONFKP BTTJT
QSN EEJFRAJID HB NP GF S OFB D PW N VJODWPAN BT B
N PBW TS RIGIMM NBIWJD B F OIFFES GBS QBS U
MBCPSBUJWF NBOBHFNFOU F PSUT UIB
BXOOQUZSBPAEUURFQISPAUEBQBRONFOUT BOE .
J QJ BSINBKBQ QVPSWMB-OEEHXKJEFP B MWV S FBO |
PEFS UIF 8JME '"MPSB BOE 'BV
FDVIPAO o " FoevD >RSEFSJVITE Ai>A
OO0OF BNRNENFIOUBRUOJPP PEERIMBRSFTTV
P NBSIFOFUPFFPGPBEPTF CUIBEBVBSIMRIIOH F
F € @ MPRZHFEEMO 81 FEBRCBIN FESMWNWPSXU R H UIF IBCJ
D UPISSTO WH P] @ FGFSNBFU NI WAS B'MOHP \BHIT TUJ
TBEQRPSWEGPNDBVOYBAMPOVTF BMUFS
OULBSPVYHMHIDACPPNIDFEBWNSTImMDBUJPO |
5 PMWRIEEF BPWBMVMIE OPY JYIFUDRODIESWBUJIP
JIBU' U I FZSDPYBINEQWHE-L FBRIO,BOPPRFBUJP O
FIOJOOBPNOB-Q OB SOFB WM XWBHMAOPRPE PQUJF
PPGIMNFNNW®GI A I MHHSEHBBXI®H EFWIDF®
NV IBPOFAUBRPQ S A BND UBATI UDDISHTB WBF B PNOBTG B VPR Q P
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BOE FEVDBUF MPDBM DPNNVOJ
USJFT PO CFTU QSBDUJDFT BO
uBJOBCJMJUZ PG XFMM NBOBH
, /1 mTI DVMUVSF QSPKFDU TIP
JF XI1JDI EPFT OPU SFRVJSF
TUPDL PG TPNF

JNQPSUBODF PG FEVDBUJOH Q
TIJGU JO QFSDFQUJPOT SFHBS

TINQMZ QSPEVDJOH MBSHF RVE
NBSJDVMUVSF WFOUVSF DBO [

JOWPMWFNFOU BOE CFOFmMUT
QBDU 4JOIMFUPO 4VMBJNBO
*O 1PSU )POEVSBT .BSJOF 3F

SPPUT DPNNVOJUZ CBTFE PSHI

DP NBOBHFNFOU PG UIF
IPPET TVDI
JTN USBJOJOH BSF QSPWJEFE
DPODFSOT PG UIF WIMMBHFT |
BGUFS TBDSImDJOH mTIJOH BS
*O UIF 5VCJHPO .VOJDJQBMJUZ

1)

UVSF XBT TVDDFTTGVMMZ JOU §

TVTUBJOBCMF mTIJOH NFUIPET
EZOBNJUF

) B Z NFRISENIT O

LiTOVIE«AIAADAIER"E">IBA>EAIAeDA
I...>IE>AIE " IEsi}>eePE«AceliVIi®
*O 00 B NJDSP DSFEJU TDIH
-BOLB VOEFS UIF "TJBO FWFM
FE 'JTIFSJFT 4FDUPS %FWFMP(
MTIFSZ NBOBHFNFOU BOE SFEV
CZ EJWFSUJOH UIF mTIJOH DP
DPNF HFOFSBUJOH BDUJWJUJF
QMPZNFOU PQQPSUVOJUJFT D¥
XI1JDIlI 60+ XFSF OPO mTIFSZ CH
QSPEVDUJPO BOE TBMFT PG D

[JHI WBMVF SH
QPTTIJCMF CVU GPS NBOZ TQFL
FEHF JT TUJMM MBDLJOH hJT Q

BT nZ mTIJOH NJDSE

hFSF BSF OPX BSPYV
JO UIF SFHIJPO )PXFWFS UXP L
BCIJMJUZ PG mTIFST UP BEPQU
TVOQQMZ PG XJME CSPPE TUPL

UIHTTBOABO DB YWBE FCBEB B PETIOCH\BIVU Z
E PBBNMPHIODENM BBEDHEH IMAO NP FVTIO!
FEEPX'HST& YOPBS FFODET XEFBN BFNBMF
X TQBTRUDGY¥HM DIZDMRFGB BN JJMHFNF X
UIFIPBBMVBSFWRKMROQMEOCISERBDL UISP\
FFQ B U DINQBIUB O B DBVFERSTIATUIUV U
JEVIYTFNFOUOD PSMFDHPS BPE BORMXM CFH.
S P%l#& BXONEFU BFT (PWTFRES SNBMU[RE BTHV S
P MJPRZWNBIURB TEROOQME TG NFPOTUT BB JPT
EHESBBRNBOVMUMEFS SIBAMBSUUBBOMB S
3 OWR UJIFFT PIETH TD VE KENIIVGEF BEHFEBE |
DSRBUGMNBGEPSVINBMMNWPOBOZ BOE FW
X JYF PNQIMDB NIEDMU FRD NI PJHOOHD B2 NONNV O J U J F
norPMMFRUFSBEWF SERYVIJSFNFOUT PG DP
TFISWWIRJ PEFEBWME FBE ASGBQBZNFOUT  hi
BONYBUYROPIBT XRFIOHISSBOSEFEUT MFW
- STFF 8W B FRERPEBUWIR OMHI W PMNVOJUJFT
P FOPRLIRSIFGURGD BRODPBPE/ISOH SFDP
UPPR\YBEDPIN S REIVDFNENFESIWBFUJOH C
BWFUB GFEVRICNRLIUEBGH JFPO@ JOMBRFME'IT
F BBTO BB WNF T B UFJHB BONFFSHF ND RINIBIU MJOLT «
BIFMIRMLUIDH PESENEOGESB DO/ MPMMBC
b PERB SNESBT JEOO UB M UHPSAPBNWPION £T B VEOT
TY®ICBTU NMIMHT PG (BRABROVIE BIBIOEFFE D
OBl BODMHBINFTY QFEDD WBEYVYBEUTUI[F UIF
FXIGBB UWPSSPITEYID@ BORSISGHTRI® DLBOH Ul
FPROVBPRPSBIM\VSSH BB R TUERP M NUFURB Y J N
DLSBEQEPEYRPUIIPMO I hG/AS GFPEH VSF PO
EVDFE UISPVHI GBSNJOH BOE SFDPV
JOH *$3*'PSVN {iié
ViAE
“«eUiAEVe““O " 1"IAE""E IV A e " {“>Z""}E«A
NFRFXIBNQOBOUSAFEVBFEPYGDISITUBCJIMJIL
PQRNGSGDRBOILDPMET GWVOEVHI JOWFTUF
D NE-RB MPRXIFIPSIO BP BOSFXIIRUNBGE OPU
DR BEJTUOVEGTP OSFHIBFSER OV SDBFTT U
NNWOJUDO UPBUBPE UBTFIEJN@QPSUBOU
T UP OBECBHE RUEFBSPRNVOE SBBPFSDFT
P NBEC MPRE JRDIPINFA RBSBIEJBYRPOB® DPBTL
TWB FPR) BPQBOTBF BOEI TBEMG SFHV MI
P OMIB/HNAFFISOHPPE U IBOEUTFSWB BMFTD P N N
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60JUFE BOE DPPSEJOBUFE BDU
FODSPBDIJOH PO UIF MBHPPO (¢
FU BM o +

$PNNVOJUZ FNQPXFSNFOU DB
JTTVFT 60OEFS UIF 4NBMM TDB
PG #FOHBM 1SPHSBNNF UISFF
UP QSPNPUF UIF TLIMMT PG XFH
BOE UIFSFCZ JNQSPWJOH UIFJg
UJPOT $PJS mCFS QSPDFTTJO
NBLJOH BU 6MIJUJZBXB .JSJT
UIWFMZ XFSF TFMFDUFE BGU
WFBMFE UIBU UIF TNBMM TDBM
TDPQF GPS QSPNPUJOH XPNFQC
*OJUJBMMZ NBOZ XPNFO JO UI
MVDUBODF UP QBSUJDJQBUF J
QSJTF MJLF mTlI ESZJOH BOE W
BTTPDJBUFE XJUIl QPWFSUZ BQ
TUBUVT )PXFWFS B MBUFS TU\
DPJS mCFS QSPDFTTJOH DFOUS

JR®B RASFW PENNE @ YWZ FETF 8STXGBMR BT XF
5P 8 NEBEMQAES NJOH JEIBBSBNQFSUBOU G
BEESFTTJOH UIF EZOBNJUF mTIFSZ PS
L OXBAVETFP BBEESFFD BBOEFESSO B WFSZ 1JHI
M FD PIN QFBSSZF E SPFK NBO 2 8 UJ FFS MBZDBM M Z B
QUMPOTQEPBEFBUBNESHEVMUVIBURESFGP S
N BOPIO ERP AT IAPW DBINN MOBWDIBM TFOTH
5 TPFCRIS M BMNDFET F DTPRONPAN P IFPBOEOBODJBM .
| SFEIMPSCOBEBPE WBDFPEEFSBAWQT B
TB BPXF WES XIFMN\BT 8 FBIDF® CF OPUFE U
= SUBF T ULPBLFFPM BMSF XPHSIIMIZ PU@® SFBM JT U J L
F SOSBMNF GD\ET RS UBV CTFORMP S TQS 8 N EEFPTC
TB DIEJ M M FBEOFES F NQIFPZRNGEPHRUT GSPN QS
F NDBPWREY BJU B TDPXOHE SWSRUIJWF MFWFM
O DIPYHM B DB MFBGH B F UQMB FORE SJP U
FOGHOW FIBY QUSBEBUJPOBMNZDPAFNV O J U
E NVBEDIBLHT) @ A DUIFMS BOEVEDFORNEEZ SFMZ F
EQ\BFWBBMFE RSBT BMQEDIUIBE ZBXBN UIF
L F OFB F YGOANOEIWDIJFPED BOE B FIG M FEEOFEOUBR) U | F

FBSOJOHT IBE JODSFBTFE EVF
NBOE XIJMF UIF .JSJTTB UBJM
IBOE GBDFE EJ DVMUJFT EVF
JNQPSUFE GBDUPSZ NBEF HBS
%SFXFT 06g+6 8IIJMF UIJT
XPNFO JO TPDJFUZ JU BMTP JI
UJFT DBO TVQFSTFEF DPNNPO
IPPET

CONCLUSIONS AND RECOMMENDATIONS
FOR FUTURE INITIATIVES

*OUSPEVDUJPO PG OFX BMUFS(
UlBU JT FNCFEEFE XJUIJO B DP
TPDJBM FDPMPHJDBM FDPOP]
TIJPOT 'PS OFX MIJWFMJIJIPPE P
UBSHFU DPNNVOJUJFT BOE DP(
JT FTTFOUJBM UP JEFOUJGZ U
BCJMJUZ BOE UP BEESFTT UIFN
BDUIJWJUZ QSPNPUFE BT BO B
NVTU JO BEEJUJPO UP CFJOH
BMTP CF mOBODJBMMZ GFBTJC

BT

UBJPIG JBNIE PWBEQBBIUDUEBFUIPO PG JC
P SFGH PIOF 0O B ZPIOWIWRFOPIOBESWFOUJPO
JPMIBHT BPVUBEMBCBEMNJID ZPR® PIUEQ@JIUZ XJ
NEAGDIBM NPEJIMBPBBM PNB 8IUFUTF DPNNVC
TRGTFOSHEI RUPFEOQBENMSFP RBFPUZDIQBOUT L
VI MOVSTRAKSFECULFTT JWIBWIBDPBE XN UD B AVBIMIJ U FE
QHS/MAFUIRYMSPREMEIOH WMRSVWH MRV JUBC
PVU UIF DPNNVOJUZ F H $&" "3%$"%*4
4PNF PG UIF NBJO SFDPNNFOEBUJPO"
OBUJWF MIJWFMJIPPE WFOUVSFT BT JE
TVNNBSJ[FE IFSF 'PS GVSUIFS EFUBJM
1FSFSB #iiio
DB U AW S PMDIHV B M NIINPIRUENTF OTU BGOS B B UJIW JIZO |
NQWRWUBMTUF N OP BQIIEFEUWPSS/DUIWF BD
NJD IJBGIEDBSB N B K PG JDBINP VESINFO hF HPW
RUJRP I UUPOEF OBSEPINPWHEFOP WPNJID EJWEF
PUIJBWVFE HOUUPK) MNPFOH KSIMIFSMSNMZ JNQM
F GBDHUMS8KTUIBU UISFBUFO TVTUBJO
30 EFOJ DQISPHEYBDWHRP O PGOEBX "MIWFMJIP
M U PS50 B UXIVEFF SMQW F M S BINMNEF FP@GUJB OFSWF
F O WPSPSDNFHON BMBHF NV OWB IJFOBCMTF. QMB(
MF TS/FBSND U VH RFFTSBQ EDBIMW P WPIG SUSFM FW

o
13



TDBMF JODPNF EJWFSTJmDB
MJOLFE XJUI OBUJPOBM QPWH
BT UIF 4BNVSEIJ 1SPHSBNNF
TvDIlI BT UIF /BUJPOBM %FTJH
SFTVMUT

.PSF UIBO 0i HPWFSONFOU B
TQPOTIJCIMIUJFT GPS DPBTULE
DPVOUSZ *G FBDI BHFODZ BD
UIFJS PXO XPSL QSPHSBNNF
PUIFS BHFODJFT MPOH UFSN
XIJMM CF DPNQSPNJTFE 'PS
OVNCFS PG TFB DPSBM NJOFS
BHSJDVMUVSBM QSPEVDUJWJ
SJHBUJPO hFSFGPSF DPPQFH
VOSFMBUFE EFQBSUNFOUT TV
BOE $PBTU $POTFSWBUJPO B
NVOJUZ JT OFDFTTBSZ GPS
DVMUVSBM BDUJWJUJFT
8IFO JOUSPEVDJOH OFX UFD
JOH QSPHSBNNFT FEVDBUJP(
uiJbJQEBOUT TIPVME CF UBLF
ZPVOHFS HFOFSBUJPO MJWJO
TPOBCMF MFWFM PG FEVDBUJ
FOUMZ NBOZ BSF FNQMPZFE
JOH CPBU FOHJOFT BOE EJWJ
BOzZz UFDIOJDBM USBJOJOH h
QSPWFE CZ QSPWJEJOH PQQP
UJPOBM USBJOJOH DFOUSFT
TIPVME OPU EFQFOE PO GPSI
XJMM JODSFBTF UIF DIBODFT
QSPWF UIF RVBMJUZ PG XPSL
TvDI BT FMFDUSPOJDT NPUP
XPVME BMTP QVU QFPQMF JO
ANPEFSO MJIWFMJIPPE PQUJH
QFOEFE PO OBUVSBM SFTPVS
BSFBT TVvDI BT DBSQFOUSZ B(
UP NFFU NBSLFU EFNBOE GPS
hF QSPDFTT PG PCUBJOJOH
NVOJUZ SFHBSEJOH UIF QPT
MIWFMJIPPE TDIENFT SFRVJS
QFPQMF UP EJTDVTT EJ FSFO

JJPBOEQEFS/PBMPKT UTFPOMBFTFBSZ MF
SUZ BWE VINQINPON FOSBWERDF PG VDF T
PSUNKI QISRIDBDFTBHFEOOGPISNBUJPO FY

O $P®$SFBUOFE B3 YAWFCEEXBFS UIF JC

WBSJPVT TUBLFIPMEFST /PO HPV

H F OEDQJE TDIFBNAW/ OB DD CBEINESP SHB O J[B

3 M SFPIWPLY $5 FB OLB[G B/H F B F CBLO EOX B NFF O
UT UG M TSAMBRU JPOUUPTINGEPEFCBLD B M
XJUHBBNNFPOTVRUSOEVDIFE UP BO BS
TV TUBVII0B CAMIERORG nBF § FEFG Y SIS F O

F%BNGIMPENOBFSEXBOBUROH PG UIF EI
T JERSBBTIPE PGFDOPBBEBBBFBAREYVOJU
UZ DBPENVD TQHQ R FCSAVKZ FNDBIPRE O W
SBUDP OJONBXBPOTTANDIBIMIZFLBXB X
DI BBSSZJMBWJIAD OFHBSDVMINSMMFH
T XFMIM GU JBIVF GB ENFIJBXBSFN G HFOE
UIFJOAIBGPMFDRIIIPO PG BHSJ

4JNJMBSMZ OBUVSBM PS QPMJUJI

OPRPEUFE QSPRVIBIUWSBRIO UP CF BTTH

)DBMTOBEBSBBEPNOERFAG DFVOIESIODMVE

O JREPU DRSO REEFSBIAPOBOE JOGSBT!
H JOQOMBPDPBTUBM CFMU IBT B SFB
PO BBEIBS WIBVDEE SR O BFPOIAEBPEYV
JO BPUJWOHUBPE TWIH SSBE $6 B BRBSPOPN
OH FRBEID RFOTU GVUUIXOUUPRW BSFB J°
FTFF¥BRBG®FM I BFOPDBO \OF JNEVTUS Z
S U\GIFXU DFFTB U B BA\D BFISF BOURBSBPBT DI
JO RVIOIBFOQBREVDWI POBRE BDPESB F

\ B MUB EI\WIBBJU PO BOIP ONBMM TDBMFE

PG BTOEROS KPCHF CNBEEEZMBOENBU Q

BO K ANIG FFUIZU B5S Bl J © UFOEH X1J0U iIOMEVT' S B M

S NREVISOU DB G CE DBEGSWRSHFDPOPN

B QO USPENVD WFP & PGUYSX UBDFOPMP

O T Ul B B RV BEWJ B ZSF® WMZ nfEGBM Q ¢

DFTEROUMMD EBFIWPOMP® RFOTUJOH PS

DE NVEDTPO BB ® BEFG QS PDSPNPE BD UIF JC

U SWBWVAVE GEEFEODFMSPBDIFT TVDI B

30 BHISPFN BO U JGHSMNMHBUDBN GBDU UIF

TICMEEBZOQF UIFGT BNVFUBSOBUOWX QSP

5 F T BROCEP WPIX FBINFU U TRIOM PXP JS DB O

U QIS PRAQITT J© B HPQ JBOBFOBIBON UFIW J T
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NJDSP DSFEJU GBDJMJUJFT B
GVOET FTQFDJBMMZ EFTJHOF
TFOUJBM GPS MPOH UFSN TV
NFDIBOJTNT TIPVME CF nFYJ(
JO UIF FDPOPNJD WFOUVSFT
LFU GPSDFT

$POTUBOU NPOJUPSJOH BOE
QSPHSFTT PG OFX MJWFEMJIP
BODF PG JOEFQFOEFOU FWBN
QSJBUFMZ SFTQPOE UP DIBOY
MFNT BOE NBOBHF FOWJSPO
&YQFSJFODFT BOE METTPOT
CF EPDVNFOUFE BOE EJTTFEN
BOE HSPVOE MFWFM NBOBHF
NVOJUZ CBTFE NBOBHFNFOU
GSPN DBTF UP DBTF JU JT JN
NBLFST DBO BOE XJMM DPOT
EJ FSFOU FOUJUZ CVU CBTF
hJT XJMM BMTP BTTJTU UIFN
MFHBM GSBNFXPSLT BOE TVQ
TUBODFT JOTUJUVUJPOBM S
JOH NPSF BVUIPSJUZ UP MPO
TPVSDFT "MTP OFUXPSLJOH
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EVQMJDBUJOH QPTJUJWF SFT
JNQBDUT

1VCMJD BXBSFOFTT QSPHSBN
IBOE XJUI UIF JNQMFNFOUBU
IPPE WFOUVSFT UP FOTVSF TV
NBLF UIF QVCMJD BXBSF PG U
GBDUPST B FDUJOH UIEN BOEF
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Bandaramulla Reef of Southern Sri-Lanka:
Present Status

and Impacts of Coral Mining
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%FQBSUNFOU PG "JTIFSJFT #JPMPHZ 60JWFSTJUZ PG 3VIVOB 4SJ -B
iSPSME .BSJUJNF 60JWFSTJUZ .BMNU 4XFEFO

LFZ XP&&EJ -BOLB DPSBM SFFGT DPSBM NJOJOH

ABSTRACT

#BOEBSBNVMMB 3FFG JT BO JTPMBU|F DPBTU PG 4S3J
-BOLB XIFSF UIF BDUJWJUJFT PG UPV SBM NJO

FST BSF DPNQMFUFMZ VOSFHVMBUF|E MM IFBMUI PG
UIF SFFG JT HSBEVBMMZ CFDPNJOH |E DSJCFT UIF
QSFTFOU TUBUVT PG UIF SFFG BOE |J G NJOJOH
BDUJWJUJFT "U QSFTFOU UIF DPSBM FE Cz
IPDIMMPQPSBOAREGCEBOBBBBSF LOPXO

JO IJHIMZ UVSCJE XBUFST XIJMF UIF DPN

QSJTFE QSIJNBSJMZ PG IFSCIJWPSFT| 2 5FDU JOUFS
WIJFXT EFUFSNJOFE UIBU +8+ PG DPSH ) 86 BOE

6 ZFBST PME BOE UIBU FBDI NJOFS| F O UPUBM
UIFTF NJOFST SFNPWF BQQSPYJNBUF O NPOUI
BWFSBHJOH 671 DPSBM CBHT QFS EBZ JOBCMF TPMV
UJPOT UP UIF EFHSBEBUJPO PG #BOE FOEB

UJPOT GPS BXBSFOFTT QSPHSBNT BM T
BMUFSOBUJWFT GPS DPSBM MJNF QFSH M B X

FOGPSDFNFOU BSF QSPQPTFE

INTRODUCTION
4SJ -BOLB JT B USPQJDBM @amB(

g 66h / MBUJUVY¥EH BB®ERHE MPOHJ
TPVUI PG UIF *OEJBO TVvC DPOU

c)Bandaramulla
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IBT 6 661 LN PG DPBTUMJOF BO
OFOUBM TIFMG QBSUJDVMBSM
JOH SFFGT UIBU IBWF GPSNFE
BCPVOE JO UIF DPBTUBM XBUF{
FSO BOE TPVUIFSO DPBTU PG 4
B GFX USVF DPSBM SFFGT XIJD
GSJOHJOH SFFGT 3BKBTVSJZB
dgg+ &M /JxP FWFOU DPSBMT
4SJ -BOLB CMFBDHB B é&M LDIENVTTH
TJEFSBCMF NPSUBMJUZ 3FDPW
CFFO WFSZ TMPX NPEFSBUF PS
CZ EFTUSVDUJWF BOUISPQPHF
mTIJOH DPSBM NJOJOH QPM
NJOFSBM NJOJOH TIJQQJOH B
DPMMFDUJPO GPS UIF MIJWF m
UIPVHI DPSBM NJOJOH JT JMM
DPSBMT GPS CVIJMEJOH NBUFS
BOE UP QSPEVDF MJNF GPS BH
DVST BOE UIF SFTVMUJOH EFH{
GSPN JOUFOTF DPSBM NJOJOH
$PSBM SFFGT BSPVOE UIF XH
IPTUJOH B MBSHF QSPQPSUJPO
QMBOddg++0OJU XBT FTUIJNBUFE
OPNJD WBMVF PG DPSBM SFFGT
64% 00T 71700 61T T PWFSSLB fiT Z
#FSH Bdb o+ hF FDPOPNJD WB
CF EJWJEFE JOUP UXP NBKPS I
USBDUJWF WBMVF BOEhURF-oPB®
WBMVF JT EFSIJWFE GSPN UIF T
DPSBM SFFGT TVvDI BT DPSBMT
BOE GPPE mTI BOE TFB DVDVNQ(
UJWF BDUJWJUJFT DBO DBVTF
XIFO DPOEVDUFE JO BO VODPC
NBOOFS UIFZ QSPWJEF B TIPS
JODPNF GPS UIF PF D@D FFYQ\S B
JODMVEFT UIF BFTUIFUJD RVBN
DPSBMMJOF TBOE OFmB\DTBO BT BH
BOOVBBOMEMEMTP UIFJS FTTFOUJE
MJOFT GSPN FSRFYR®G L Z-ABWIK
$PSBM NJOJOH PG MIJWJOH SH
-BOLB QBSUJDVMBSMZ BMPOH

E BIBFMBUIWFMNZIOFESBPSEMWOWBWF CFF
7 BRMPTFH WWFN@MBTFSUP DEBUBOFSIIBAE QF
P ODBRPLCPSY/MEBBSTBPOFPXVFWIASS BWIFTF U
STCF FOI G REARPEYG OTRPOBE | K¥SWOH UIF MB
S JC-BFRA. BN JOOFBEERM IR GPRSEIBSHSPEVD
| \(CAV/O K B)JPOE FBTONEB BIHIS B D EMIT Y BN FEED U P !
¥B-M4 DN W BM 8\ 3G J OW VIBSROEVDIFFE PO TI
b OB BIC P VOB 8 5:J P RMB BBDFGATIOM SFFGT |
JEHVDPD NPTU JOMBOE BSFBT XJUI MJNF
FBZTTUDQF RGFDPSB-MENI QIXPHIBT MFHBM
QBEDIZTEBD DBTPGFE OSNIWHESEFE
DJD BDUJWJUJFT TVDI BT EZOBNJUF
MVUJPO IVNBO TFUUMFNFOU
DYTYRYSITEFT BOE JOUFOTJWF mTI
I | #BME RIS B NB\WRWB B J3/AN- G SBEMPDBUFE 6 LI
- HIBWD Q® SAST RB O LG NI POHE PTG BSUJTB
JBIDT4 AP VBUFISB *UQHI® GRIOHJOH SFFG
5 J BV NNU B B § PBTO E # BAE\BTSBINA MWEBM #BEZ DG P S
S BEBHPPO PG HABIE B S BINVEIMBUBAFG UIF M
J To B\M Ba$NN 8 H PUPFO MIF DFBOVD M@ URBETHP TUM Z
S E SBSFMEFB $ FEQ b BEPRESRENPGF hF FBTU
PSS DOPEXOUNBG JOF SPEG BBIT GOFEO DPNQ
UIBROJIFERSB CWVNRVIBR® UJUJFT PG DPSBN
JOBOE) CBELBVSBD B QQS AWBNB IGFAWS ZFB
FBBSFQESBAMEBOE UIF XFTUFSO QBSU IBE C
MPBE RGFDPSBIM BFFGEPBOIF mMTIFSNFO B
DPWOVMIK@BBEIT OBNFAVEA VOBBFEMZ IPXFWFS

BEQUEIRVGEM B ITWR@BMYFE CZ MPDBM HBOHT

B NDFF ® GSBAMI BBSDFF 3 BAW BTFHBGE ETS@RND JB I
G SBR TIPR/SEONF N FO UGB DR E B BANFFONU B BIO E B €
F3$ODMMEIP VWOINMUNIFFFHF KBSBD $BSBOHJE
J SGFMBAS T IJTCOVBRORBESBH VW PKBP3BBIFS F HGT
Uuse Vot BV BEOEVWOFY TUBBEB BEWIFVNCFST

U RFISS FIEFBUBOMMBNMPNSDESPBUZ PG mT
M \BIREF PMEEONBWFOUBM QVSQPTFT OUIFS JI
1 JXJB T 6 GUUAR FMBINAERS B DEEY BIIFFARIFBH B M NV
UG BBBESIEIFW™ B4BSED OFINPMB BOE PUIFS |
3 MDSF W F*DO QBSRUPNYWMBIBH DFBTDBE mTIFS
T MMIFSNFO BT JU QSPWJEFT IJHI QSPmLU
FORO BOFBREG WMB SSEBJIW POB NIOMAISIOH
UMJOFVBOESI® DLPBODE MBOMHAQUVNTIFSZ .
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POMZ EVSJOH QBSUJDVMBS NP
TFBXFFE DVMUVSF IBT CFFO FT
BO FYQFSINFOUBM USJBM BOE
TIJBTN CZ UIF WIMMBHFST

PRESENT THREATS TO THE REEF
#BOEBSBNVMMB 3FFG MBHPPO

MTIFSNFO UP mTlI 60GPSUVOBI
HSBOJUF CPVMEFST UP BODIPS
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EFTUSPZ FWFSZUIJOH PO UIF CPUUF
HJMM OFUT BOE UIF USBNQMJOH DP:
TFWFSF EBNBHF UP UIF SFFG FTQF
TVDIL.BAQUJBOEBPUIFS OFXMZ TFUUMF
PG NPYZ OFUT BOE TQFBS HVOT BO
JOH DSPXCBST GVSUIFS XPSTFO UIF
MPX DPSBM DPWFS BOE EJWFSTJUZ
TVMU PG TVDI VOTVTUBJOBCMF EFT

0 TJUF EFWFMPQNFOUT DBVTF TF
SFFGT CFDBVTF PG UIFJS TFOTJUJW
UVSF PG UIFTF FDPTZTUFNT 4QVSH
UIF SBUF PG SFFG SFDPWFSZ GSPN |

®EESFOEFOU PO UIF BOUISPQPHFOJL
SPONFOUBM DPOEJUJPOT FODPVOUT
SFDSVJUT 00 #BOEBSBNVMMB 3FFC
GSPN B OFBSCZ QBSU PG UIF TIPSFM
DBVTFT TFWFSF JNQBDUT PO DPSB
DPOTFRVFODF UIF SFDPWFSZ SBUF
SFFGT BMPOH UIF TPVUIFSO DPBTL
XJUl MBSHF OVNCFST PG OFX DPSBN

METHODOLOGY

$PSBM NJOJOH BDUJWJUJFT BU #BO
UPSFE CFUXFFO +VMZ BOE 4FQUFNC
PG CBHT DPMMFDUFE BOE UIF OVNC
NJOJOH BOE USBOTQPSUJOH NJOFE
*/HSEYUMZ B0 BEEJUIJPO PO TJUF QFS
~ &Yy BBSRMNKOFST BOE TFMFDUFE
CEé( H>A « e I\élA’I\LAO
UIF OVNCFS PG USJQT USBOTQPSUI
USBOTQPSU UIF USBOTQPSUBUJPO
ORI PIG MIFSBEBEOEQ GEENBIMOWFMT
URJCM DTR PE BOWI P 6FE 50V 8 B O E @ NVIZ
JTFDBSSOFE P'WMXEREEHB P BB MDD MIW I J¢
UP UIF IJHIFTU MEFWFM QPTTJCMF BC
JO UIF TBNQMF XFSF JEFOUJmMFE BO
hF CFOUIJD DPNNVOJUZ XBT SFDP
JOUFSDFQU USBOTFDUT Ai N JO MF

J T (BEC5 B MAVBAVM QUMPB D - GGHFS- @ OBSHRITUU) BBOHEE

) FMZMIPXFMTFSJ URPD WH E XM BSHWBI BOIF X
WiFd & FCBBWTF SXREDF BDBIVTVBOESBUF L
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B QFSDFOUBHF DPWFSBROEIB CF )BPWBOTPPOBMFBPWES /PWFNCFEFS UP

HPSJ[FE JOUP QFSDFOU DPWFS
'JTI DPNNVOJUJFT XFSF TVSWH
USBOTFDUT "MM mTI XJUIJO B
USBOTFDU XFSF DPVOUFE 5JNH
XBT BQQSPYJIJNBUFMZ 66 NJOVU

RESULTS

Mining Activities

hF DPNNFODFNFOU PG NJOJOH
JO PSEFS UP BWPJE UIF BUUFO
FST BOE BMTP BT B SFTQPOTF
NPOMZ NJOJOH XBT DPOEVDUFH
BSPVOE 6 BN BOE FBSMZ BGUH
*OJUuJBMMZ NJOFST DPMMFEDU
DPSBMT GSPN UIF TIBMMPX SFH
FS MBSHFS DPSBM CPVMEFST J
JOH JSPO CBST hF CSPLFO Q1
QPMZUIFOF CBHT BOE MJGUFE
BSF VTFE UP USBOTQPSU UIF D
UIFO TUPSFE JO UIF TIBMMPX X
DFBM UIFN GSPN WIMMBHFST
MPBEFE GPS USBOTQPSUBUJPO

Age Distribution of Coral Miners
"MNPTU BMM NJOFST BSF FBSM

"QSJI
DVWBOUEBWM mMFF DBEMFDUGBS EIPPRIBITE |
ZFD HBBHPREHJIOIP UNESFTABMMP X XBUFS mT
f# B\O K B 5 B NO/BVOMEB BEVBFEGBH TWPIRF PG ZPVOH
UDBALFBOMU R JRIIDAHS B FBDW USIHFTTEOMZ EVS
FT.BZ UP ODUPCFS XIFO UIF TFB JT SP
FOPVHI UP SFTUSJDU BMM PUIFS mTIJO
*O FBDI UFO CBH TBNQMF FYBNJOFE
QSFEPNJOBUMPODJIBBNEWME 1PSJUFT -FC
WJB 'BMBWFEAEEMBUZKRZ SN TU DPNNPO
MJWF DPSBMT GPVRIEIN 0 PQPIEB XESES (
BDEQWRBBJBT 'BB\IBEBEWIBSIFEPOJPQPSB
U PR B £B |1 B M B ESRY BHOFE BMWPFCSEBMH W OMM B A S
UP RMEB MF W BISJ BABIPIO U FROT LB NTBNQMF
E AN%S Z YBXSWZF $O WIIFTR ABIONP B PMPOJFT
SBPEXBSPWIE BMYN B BBDNFE UP UIF M
SBRVTU CSBODIJOH BOE NBTTJWF
G UPFRQOWNG RS FZGCIBESBMW QBPHUT NJOFE QF
OBB NBP BNRBI\ZPTGE [GEPQMMD BDWPMW FE
F DA I DX ANSJFO WOMFHOJ Q IPB B RE UWDAEPCZ UIF UJE
P CFYRJ 8 B S NP O FEBWESFTUMCET CBIHDIQFS |
P PEMF BT | E 8 F ahiFr-DiRB WhiC BHJWWB OH BO F
BUFBBM XFJHI WP PEFBPBBMPNIOFE XJUIJ
B PES @R MBXBHF LWHO UT WM VBIFZHDBIN OWBS BNP
UNJOFMOJISPVHIPVU UIF ZFBS UIJT USB
NBUFE BOOVBM DPSBM FYUSBDUJPO SE
-PSSJFT USVDLT BOE TPNFUJNFT CJ
Z UBBROPIN MFB\WPSBMI U PG BIIGHS HWFOMP B |

HSPVQ GSPN 06 UP 07 ZFBST
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Number of bags Number of live corals The most common live corals contained
transported counted in each 10 bag sample in bags of mined coral
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QPSUBUJPO CVZ NJOFE DPSBM
QFS CBH BOE UIFO TFMM JU UP
UIVT FBSOJOH 3T 01 QFS CBH
CBHT USBOTQPSW&E& dpFS 944 S IXA]
PG BCPVU 3T 0fA 667 hF USVDL
UPUBM WBMVF BOE UIF SFNBJO
FST BOE UIPTF JOWPMWEFE JO
NJOFS FBSOT BQQSPYJIJNBUFMZ
BCPVU UXP IPVST XPSL

BU UIFANDMOIAE M VRAUIFEGHSEIFROpBIPAE®
UIF MIJNF CAMB°'GF3'3T 66 QFS CBH

N

hF NPTU BCVOEBOU BIWP
EBNJDPSOJT 1P BBE@EBOJBTIPSDET
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#BOEBSBNVMMB 3FFG QSJNBSJ

B FDUFE EVSJOH d0gg+ &M [JxP

IBT CFFO WFSZ MP X' D-BFSMHA-SIB PG/FA

|1ZBDJBOENMMFR@SEFSF DPNQM
BOE EJFE .PTU SFNBJOJOH DP
EJBNFUFS FYDRRPOJPPRBBJEP P
BOEFQURWJFB UIPVHI CBTFMJOHR
QSF CMFBDIJOH DPSBM EJWFST
FWJEFOU UIBU UIFSF JT B TIJG
QPTJUJPO XIFO UIF FYJTUJOH [
UIF DPNQPTJUJPO PG SFNBJOJ
UJNF OFFEFE GPS UIF APSJHJO
SFFTUBCMJTIFE JT FYUSFNFMZ

-JWF DPSBM BCVOEBODF BQE
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Figure 5. E

PO UIF FYUFOU PG UIF EBNBHF
TQFDJFT UP SFDPWFS 5BNFW®
TVTUBJOBCMF BOE EFTUSVDUJ
MBHPPO TVDI BT NPYZ OFUT
QPSUBOUMZ DPSBM NJOJOH IB
BOE EJWFSTJUZ JO UIF MBHPP(

hF SFMBUJPOTIJQ CFUXFFO S
UuBU JT MJLFMZ UP CF B DPNQ
OVNCFS BOE EJWFSTJUZ PG SH
TIBMMPX XBUFST XIFO DPNQBS
UIF SFFG UBCMF 0 hF EJWFS
BMPOH UIF SFFG TMPQFT PG N
SFFG UPQ BOE CPUUPN TVCTUS
JT B QPTJUJWF DPSSFMBUJPO
BOE MJWF DPSBM DPWFS #FMM
DPSBM DPWFS PO #BOEBSBNVM
JOH BDUJWJUJFT BOE EFTUSVI
DBVTFE DPODPNJUBOU EFDMJG
hF BCTFODF PG CVUUFSNnZ mTI
TVSWFZT TVHHFTUT UIBU UIFTH
UJWF JOEJDBUPST PG UIF IFBWM
%FUSJUIJWPSPVT BOE DBSOJWH
EBODF XFSF HSFBUFS BU UIF O
CIWPSF EJWFSTJUZ XBT UIF IJ
TVCKFDUFE UP JOUFOTF NJOJ
JFSCIWPSPVT QPNBDFOUSJET
UIF DPVOUT
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Figure 6. E

1IFSNBOFOU EBNBHF UP UIF SFFG
MBSWBM JOnVY UIF F FDU PG FOWJ.
BT JODSFBTFE DVSSFOU WFMPDJUZ
UJUJPO XJUI GBTU HSPXJOH BMHBF
JOH BDUJWJUJFT XPVME GVSUIFS JlI
UIF SFFG *O BEEJUJPO TFEJNFOUB
SFOUT JO UIF MBHPPO SFEVDF UIF E
IBCJUBUT GPS UBSHFUFE mTIlI TQFDJ
JOH BDUJWJUJFT XIJDI IBWF CFFO
hF BCVOEBODF PG SFFG mTlI BOE B
PSHBOJTNT JT EXJOEMJOH UISFBUF

OBNFOUBM mTl MPCTUFS BOE TFB T
"'JEVAR“E“""""

>VITOTTAE>""El..iE""A"Ti}A*1"¢"EcevEVeA>-EAZi.

ilee"AE>VIiAEL.i>V..""}E>AIE.."}
.>UiE>E..."}...E«oeli"I">+EleE>L
>e“AIE>esELeile@“E Uies""}ErA

UIF SFFG DBVTFE CZ DPSBM EF
SFNPWBM *O BEEJUJPO MPTT
QBSUT PG 4SJ -BOLB XPVME ES

EJSFDUMZ EFQFOE PO UIF DPSE

4FEJNFOUBUJPO JODSFBTFE
UJPO DBVTFE CZ NJOJOH BDUJ
SFTVMU JO BO BSSBZ PG FOWJ
QMF DPSBM NJOJOH IBT JODSH
XFTU DPBTU TPVUI PG $PMPNC
PG 4SJ -BOLB 8JMIFMNTTPO
CSBODIFT BOE SVCCMF QSPEVI
NPCIJMF BOE UIFJS NPWFNFOUT,
TIMF PSHBOJTNT TVDI BT TQP
IBSE DPSBMT BOE BMM PUIFS T
PO UIF CPUUPN mHVSF §

.PSF UIBO 6fi+ PG UIF CPUUP
XBT DPWFSFE XJUI TBOE BOE T
JUuz UIBU UIF JODSFBTFE NJOJ
TBOE BOE TJMU BSFB "T B SF]
PUIFS SFNBJOJOH MJWF DPSBWN
NFDIBOJDBM BCSBTJPO BOE FV
TVTQFOEFE QBSUJDMF DPOUEF(
NFOU BDSPTT UIF EBNBHFE SFH

e u “eiE>""
A >§|(§'§EI|EN§I“E> }i EE
i>hESQF JT BO BXBSFOFTT PG UIF FYUF
UIF DPSBM SFFGT GSPN DPSBM NJO
BDUIJWJUJFT )PXFWFS NJOFST BSF
TWIVYDUUPOTBRE PSRIEBNEODUBWMIIFT V
P8 MIPFEBIM SFWGE TTBUSWDIF AG VOIFBOF
B THUHD BPNEMUZ IB APW BHSPO QF@ Q MURP XQB P W.
BMUPBEZGITODFPNBIFPY SOBPNFP DPSBM
Ce8PTHXBEP THBX BFEEDOYMMMEF QSPW
WIRRETP @ MPROAT WICGC WBBIBVNIJHFD U JP (
5 PCONERVOWEM. QB N E FONFT X FIVBMFE BN F Q U |
rBTEH CTFBFIDPONNFPEFBMHABH HBOFRGPSD
P BEXE BM™M D@ BJNFNIIROVMWIHDEe B TIWIN Q SP W
ABOE UWPPMABE AOERSSBMJ FOGPSDFNFO
DFE JOF DMMBB M NG BBH BISTF WFEBZT J(
DBEYDE PEWFSHEGSBAFSUPFIGFUFODJO
O HDAPTO URSPUVAMDIFCSHB M P SBMMFNP@OIFOH hF
P&®WP PE XHU IPEHMEBOIJQR U FEXWFMNU B B E
UsPM BMM DPBTUBM EFTUSVDUJWF
N JUBGBNEBOHGDPASBWBNPOOOH XPVME
JMUUNBERKRBO B O BEHERB WQIFPROC BICAEII O H
O U IBSPY HY JTOOFW PZIM G PEBY Q@M EOWE! MJ N
TVMIP VB FXNM K BIGE WM PH CH 8 BM JVWBIWHE F
COPVWNFCG-BF P N RS EECMTIPWNCKB D UFEJBB FE
V FIDP MPRSIPSIOHF EMVNRJPYIUEBDUFE U
DUUBFOEFWPHBB P WIP X\BBLHFS UNIPWOGEV T U ¢
GBOE MPX EFNBOE 3FTFBSDI GPS mO
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BT B TVCTUJUVUF GPS DPSBM
UJPOT UP UIF QSPCMFN mHVSH
.JOJOH BDUJWJUJFT IBWF EF
UP UIF JODSFBTFE MBX FOGPS
MBODF PG TPNF TUBLFIPMEFST,

EFTUSVDUJWF BDUJWJUJFT BSF

UIFJS JODPNF 0O UIF PUIFS IB
MPPQIPMFT JO FYJTUJOH SFHV
GPS MBX FOGPSDJOH BVUIPSJU
DPVSU 8IBUFWFS UIF TIUVBUJ
TIJCMF GPS TUSFOHUIFOJOH U
IJHIFS mMOFT GPSNVMBUJOH TP
JOH FOGPSDFNFOU 7BSJPVT J(
HPWFSONFOUBM EFQBSUNFOUT
HBOJ[BUJPOT DPSBM NJOFST
NJOFST BOE DPNNVOJUZ SFQS
DPVSBHFE UP QBSUJDJQBUF J
TUBLFIPMEFS QSPDFTT UP GPS
uJpoOBM QPMJIDZ UP TPMWF UIF
'‘JOBMMZ UIFSF BSF B OVNCH
BSPVOE UIF DPVOUSZ UIBU IBY
TDIJFOUJTUT UIF HPWFSONFO
NFOUBM PSHBOJ[BUJPOT PS PU
EJWFSTJUZ PG UIPTF SFFGT JT
MFOU DBMN MBHPPO FOWJSPO
BOE IVNBO UP DPOEVDU WBSJH
CF B QSPHSBNNF UP JEFOUJG/Z
BOE NBOBHF UIFN CZ MFHBMMZ
SFTFSWFT PS NBSJOF QBSLT 4
VOJEFOUJmFE SFFG CVU JU IB
UISFBUT PWFS UIF MBTU DFOUY\

CONCLUSION

#BOEBSBNVMMB 3FFG TVQQPSU
MTIFSNFO BOE EVSJOH UIF MB
QBOTJPO JO UIF UPVSJTN JOEV
JT JO HSFBU EBOHFS EVF UP U
EFHSBEBUJPO SFTVMUJOH GSPRN
DBVTFE CZ UIF dgg+ &M /JxP FV
UIWJUIJFT QBSUJDVMBSMZ WJH

M IBI\W FQBPB\SIEFE B\FBICPH B CAV A BITAUM D P
0ODPOUSPM UIF TJUVBUJPO BO BXBS
D SFEHBEJJPETERS QMBDPBTEMEM DPNN
DEBOOFE P HPEBWE BLOE WIFHINQMJID
EEXTRVS M H UU PFO nkKPRV/IM 6 ICSF TOVMDO Fm D J B
SWIWBFUM W F MIZ TMTPAKD X IBF D TDFFRNKE B & FIE VUM
OHOWFS KU BBSIBEWVYNEFSUSZ GPS DPS
MEBPEP OPSEBVDMINBEMRBIE EPNDV MG UIF
JPVIPFONIDHUVBUBPOVEBBRPHUIFOJ
b OM FH B THHPBUR ® ON FEDTUN V'3 BFH @QFS® QF S .
IFTESJID U JIDH MTF BOEMBRUHPRABUXPOIT X
V © 8 FSBHHVEV B O IR D7) BE EBDNUQSWW JFT B
D TWIW ¥ UBFDTU JIW DU JB-TT \BBSFWE TPUQFDF T
BIFEMBXO GIPDFAFS B S E OCGBBIMI NPBUJF T (
M B\PFS LEIMI® P RBTFSBMJIMRAVBOEOD P 8 BB/O E
F TIHFOOUBIBIMV F'T O B MPWHR EGES NNOM B U JP O
D BPNVIRRJIJUPJTPSRIABBE B MNV KIETU S\
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Awareness Raising

and Feasibility

of Reef Restoration through Coral Transplantation

in Tuticorin, Gulf of Manna
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e 00T hF IJHIFTU °@B0&6 MR XPDW I
HINPOUIFEIJNFOUBUJPO SBUFT XFSF
TBOEIRBT+CGRY ORI BU BFTABF@®SJIM Aiio
IJiHA RBWE@PAOBSPFQ BIOBFSBUF PG TF
BIGE BDUTFSYNNBGATB-EBM@EABCMF 0o
SBM BOE BMHBF

DISCUSSION

0 E BYSB{TF @FPSBRV BESBHNFOUGPRGUFO |
hFQSIRMCBE QFISDFOUBHF BWHIFT +BDL
PONR G | X BWHE ATV S8m@U TCVU PCWJIPV
CFUXFFO TJ[F BOE OVNCFST PG G¢
HFOFSBUFE GSPN B TJOHMF EPOPS
ONTBB B XBTJIGPMOEE B UGTSIBHNFOUT P




UJWFMZ 1JHI SBUFT PG TVSWJ
SBUF PG USBOTQMBOUT JO UI
ZFBS BOE XBT DPOTJEFSBCMZ
PG MBSHFS USBOTQMBOUT VT
11IIMIJIQQJOFT BGUFS WHB B®B\:HI
&EXBSET BOE $MBSL 0dgo+
USBOTQMBOUJOH GBTU HSPXJ
UIWFMZ IJHI NPSUBMJUZ SBUF
FSBMMZ RVJUF HPPE OBUVSB
XIFO USBOTQMBOUBUJPO JT K
TMPX HSPXJOH NBTTJWF DPSB
UJPO TVSWJIJWBM BOE MPX OB
PUIFS IBOE "OSBOMARASBMT DBO
UVSBM TuBCJMJUZ CJOEJOH S

BRI U JPSD FRMBINIPNH WRFFDVB WD W BN BHNF
TUTESY EZJ@BRWSXD+ BXOBGBPEB B@F6 GPVC
IPEAFRS G S B GIVIEND RAT & B S INVIEIN AVEEDBU
E DPMP 0 UR/E 3 FBIY M VR EMIOD S'HEMSIOREE SB U
FEVPEBJPRDBMBFGPSF UIF EFTDSJCFE N
S®IM B OWMS) INPFOT K PG/RMCEV QD SPACBCMZ XPSL
HBSE BQUNIBDH D PSBMF TBNHA BFSBOH TFI
HBWFSDB SIPOTQ WB GBEMF GRS H F
$F DU ¥ JIUNFDIF SBUTNT TUHSBUFBEIUIJO 7
TOPSBE BWBRMMMBIFEFSFOP NANDAICSEF UF ) J
TDXSSFEJHO GPBRYBGEBDFBERGUSFMBUJV
VB BRXIPBHSYBEIBMOU SBUFT 00 UIF
SPYWJIEFFTUSBDTQMBOUFE GSBHNFOUT
F G SBVCFINI F @ UT'U BLSI WY A EF BF BUFIMFOH QO HFG S P N
IBCJUBU GPS PUIFS TFTTJMF P SHBIET KFDBMINPRFSMIBMVBM EJTD GP
36686 $POOFMM ,FPVHI 88+0 |-JBNWEFOCF®PHF S\WFeSUIDBM HSPXUI CFHJ
'VSUIFS QPTU USBOTQMBOUB U|JR®B NP ICEZMU 5 B OSTBIUMFE ORJSTF XIBR IDIZN Q F U
TJUF BOE TQFDJFT TQFDJmMD &EXBGSEUSBUEF BB TFsBRNFIBBTUSPQPE
DMVEJOH CFUXBE® Q¥FBESIFB PR &BXBBENJOJNJ[JOH UIF PQQPSUVOJUZ
36606 BOE SFMBUJWFMZ HPPE|QPARSBWIBOA G VMEBBOBUBBO[AYSBMWB MVh F
SBUFT IBWF CFFO TIPS RXPFRSS B YBIMBMAFICZFEIJNFOUBUJPO SBUF JT NJC
NFEBBTQFDJFT TVHHFTUFE UP CFDSR\BBITI WFE NBZ NIFOWNS B BGOBPEPOMZ "0
GSBHNFOUBUJPO BT B OBUVSBM SFRBWEYDIRVBEU SBUFHZ XINBF TFEJ
YWHIFT 8gge hJT TQFDJFT TIPXWEMBIBAJHIFIBEFHEPKDIVQ TIBQFE TUSV
SBUF BNPOH UIF USBOTQMBOUIT XD DJINBZ WMWBZE WPSUIFSINVFPSE NP SUBMJ
UIJT FYQFSIJNFOU HFOFSBMMZ [TIP %P5 BMTMS$BOMNMIBE UBS) SBOFCEZGUIF G|
TVSWJIJWBM PGDGSRABBORG PGIFS HFDF®BENFOU CMPDL TVCTUSBUB JT B
X1JDI BMTP IBWF CFFROUTBRIXOiCZSFIMBMWEUIPE DPNQBSFE UP GPS FYBN
UIVT TVHHFTU UIBU XIFO OBUV/ISBMDBFOSNMUEBOBEJDR®BIMCGSBENFOUT
GPS FYBNQMF CZ VODPOTPMJEBUFPVSVWCEMF VOFTMHIBS MV SBPBNVBM SB
TFUUMJOH BOE TVSWJWBM "M IS FIBODVSIAUBIT AES BIB TE®M 8 CPUB th W@ IR GJIF DP
QPP SBMT DBO CF BQQSPQSJBUFVEBMWBBYHT LBBOEQBEUBDMMEFT EPOP S
TQFDJFT VTFE TIPVME CF TFMFDWFDXJBODBSBSFQMBDF EFBE GSBHNFO!
*O UIF QSFTFOU TUVEZ UIF F)Y PRSINFONANXOSF G8BSBFEIPMQT UP QS|
CBTFE PO UIF mMOEJOHT PG UIA Q@SN TREEZF 00BUDIROIJOW TIBUJT NFU
OZMPO SPQF NBZ CF NPSF TVJUBBNBHEEB OPSIEMHOBWBIGI[RBZ JO UIF
XJSF UP TFDVSF UIF GSBHNFOU TEDSIFE B U MBBPGB SFUFEMFMBCH B WJB
XFSF GPVOE UP CF UIF NPTU TVJEBGEHAFE OPSSBUSFFG ¥IOWISPONFOU I
USBOTQMBOU GSBHNFOUT hJT| JI0&GR NG UNPED DBD EFFBTAEMBPH UIF 5V
FOIBODF GVUVSF SFTUPSBUJPOQ F REUDW® WWFR S PR PGEMPEB BFDPNNV O
VTFGVM JO EFUFSNJOJOH UIF OFSBUJPPS XIPSITBRB VB OBESE KBSHAOFTT BN|
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UIF OFFE GPS DPOTFSWJOH DP

"MTP UIF mTIFS GPML JNQSPW,
TLIMMT JO DPNNVOJDBUJOH JT

BOE SFTPVSDFT hJT QBSUJDJQB

NBOBHFNFOU JT DPOTJEFSFE

DPOTFSWBUJPO PG DPSBMT CZ
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Improving Living C
for Reef Dependen

in Tuticorin, Gulf of Manna

+".*-" 1"55&3407 %&&1", 4"°6&-
4VHBOUIJ %FWBEBTPO .BSJOF

onditions
t Fisher Families

r, Southeast coast of India

, 1"55&340/ &%8Y38'% 8*-)&-.440/
3FTFBSDI *OTUJUVUF 5VUJDPSJO 5BNJM

"%FQBSUNFOU PG ;PPMPHZ 4UPDLIPMN 60JWFSTJUZ 4XFEFO

LFZ XPBBRUOFSOBUJWF MIJWFMJIPPE WFSNJ DPNQPTUJOH DSBC GBUUFOJOH

INTRODUCTION

hF 5VUJDPSJO $PBTU JT UIF NP]
DPBTUBM BSFB JO UIF (VMG P

1IPQVMBUJPO JODSFBTFT MBDL

UVOJUJFT BOE MPX MJUFSBDZ
QFOE NBJOMZ PO UIF NBSJOF

WFTUFE GSPN BSPVOE UIF GPV
UIF DPBTU "T NPTU PG UIF mTI
MOBODJBM TVQQPSU GPS MBSH
SFFG BSFBT UIBU BSF FBTJMZ
4USBJOFE CZ EFDSFBTJOH mTI
QFMMFE UP VTF NPSF F FDUJW
NFUIPET XIJDI SFEVDF UIF QSH
GVSUIFS OWFSmMTIJOH BOE UIHR
NFUIPET IBWF CFFO QSFWBMFO
JOH IBT CFFO QSBDUJDFE GPS
NBOZ QPPS mTIFSNFO BSF JOW
GPS UIFJS EBIMZ MIWFMJIPPE
PG CPBUT JOWPMWFE JO NJOJ
TPO "MUIPVHI UIJT QSBDUJDF

NPO JU TUIJMM QFSTJTUT $ZB(
mTIFT BOE UIF VTF PG WBSJPV
OFUT TVDI BT CFBDI TFJOF OF|
IBSN UP UIF CFOUIJD FOWJSPO
B TNBMM TFDUJPO PG mTIFSNH
NJUF mTIJOH VTJOH HFMJHOJU

Q

~

X1JDI JO UVSO EFTUSPZT UIF XIPMF
rUBKGWBOGFODN FEOQUB MBEEXF RVUBBF TMHBUFSBD Z
C VEOEGBIUBRBBUGHTP® UFIMMPOH UFSN W

& B BWRMPKQW P INF® Bl BPQOPGEVTUSJIF
MFWSFWOTUG P S DAFGMNPED@ IS W\ W1 BSHPRSS T BUMPUE
S ANTPMSIDF T FXIBRIFDBBMOT E Q PBHS DPOTJEFSE
S DPEBMNSEFCE GIFIEHGEQHMBW BPPTUBM
F S.N 5@ HEBOO P1B UIBJ¥ IS BECG RVIBU F
1F WNVHBROWTJI USeHFAVB &EB TS U BIDIWOHE BIPT F

BBO® RFTIGNWM FI KQVMFNRNBGWAE CFEFBURFT PG E
D BB BTRIB MJ IIFZNBIS/FO PIGIFFTOJDPMWF TFMF|
F B\OE BMS PO HFABRTW MBEITW FE QFDEH OU PC
ECRUQSRWIERG W IFBFFSTVFOMBOFT GPS

BOFE PEMEFFOBVYDWFWHMIWFIMOIHPPET 'VS
U NGBPESFNBBRO EEFBRS U IBPBSEEENOBTT PG JOI
UPSEBIS WA RWESBDWM QSBPBEV¥SF BP@WEUIF SI
PNMWHFE WO/MOASB\CNWFHB R MISBMHEIDFO UIF
IBRPNF SGTSPRON BIFRTF IFDRVANTCFSNT hJT SF(
DHNWBSOHT BOWE IAFVIVIUTBHD MIFBVFE UP E
] TIOMXQSAPKFIBEFISBCMZ MFTT DPN
D BE F T FIT DONHF OTU VPG BJ AP ToPEDUIP | SIFFGP N J L
T UAQRTIP® ENFMBB¥DUJWF mTIJOH
) Te BSEH RIS BXH BOXFBESIFB8 BEF TDBO TUWIGHT VT UB.
NFGBUAOB SVUBD8BBD 'VSUIFS
Oe BSFUB M E V DIWDIW PVAVEFBEMILOF EZ@BBIWFEF BO
F TBGDG P RAEP BIOM MODIPBM UPHMMTRSTG BN J
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SELECTED VILLAGES

hF 5VUJDPSJO $PBTU JO UIF (V
SFHJPO PG UIF TPVUIFSO QBSU
TESWF 'JWF WJMMBHFT OBNEI
hBMBNVUIV OBHBS 4JMVWBJQB
BOE *OJDP /BHBS BSF EFQFOEF
GPS UIF mO BOE TIFMMmTIFT
hBSVWBJLVMBN QPQVMBUJP(C
36 LN GSPN UIF NBJO UPXO PG
7JFMMBQBUUJ QPQVMBUJPO
GSPN 5VUJDPSJO hF WIJMMBHF
B NBKPS PDDVQBUJPO 3FDFOU
UP PQFSBUF PUIFS HFBST GPS
hBMBNVUIV OBHBS 4JMVWBJQ
30 68 JODMVEFT TJY mTIJOH
hBMBNVUIV /BHBS 4BNFFS 7ZB
/BHBS "OBOE /BHBS BOE +FTV
NPO MBOEJOH TJUF BU 4JMVWB
DMPTF UP FBDI PUIFS BOE BS
5VUJDPSJO hF DIJFG mTIFSZ H
CVU JU JT BVHNFOUFE CZ TNB
DFQIBMPQPET FNQFSPST BOE
hJSFTQVSBN QPQVMBUJPO &
OPSUI PG 5VUJDPSJO *U JT PO
NFOUT JO UIJT EJTUSJDU BOE |
PUIFS QMBDFT
hF UPUBM QPQVMBUJPO JO *O
EBSLBSBJ /EX TIPSF VOUJM #
mTIFSZ JT TBSEJOFT 00 UIF T
UIFSF JT B TNBMM FTUVBSJOF
TUVOWBBFOOJBIRBBSUOMFT UIF 1
FOHBHF JO DPMMFDUJOH TISJ
NBOHSPWF BSFBT

FISHING ACTIVITIES

"MM UIFTF mTIJOH WIJMMBHFT E
SFFG BSFBT BSPVOE UIF 5VUJD
,PTXBSJ 7JMBOHVDIBMMJ BOE
MBN CPBUT MFBWF UIF WIJMMB
UIF GPMMPXJOH EBZ XIJMF BU

UIF UBSHFU TQFDJFT BSF mOmTIFT
MEBRNG EBBZOBS JT UIF DPSF
PG" WFEB SUBDFIEIZTPGFSDRFIJFT BSF
1 ZM BBIS \KWEM E VAWUB RS W MWMBBHBRUTU UB W F
UDJI FOP N Q MBS V WIBSILVQAMBSNBNBMM 6 HF
O B PRVHIFUPER 8 DFID U G FHPG B FERUID | F T
JOH BDUJWJUJFT DBSSJFE PVU JO U
) \§F 526 | FBIMMPD BOEEUBE RVTUJOH JT T\
S5VRIGFANSJFESPST HSPVQFST KBDLT TU
i @B OFE WHDB HFNBE B8 AVBIMBY XNJD| B
J WBMERIV Fi BOTPUWB BI8B C BOTH ASIE JBV Q!
M D FBJ G F)8 GBW IWIBHMB JB\W FB TUBBILIFEE (
USHPQRBOBIPIGSBOMTHFTBOOVBM DBUDI|
BXBJ BRN QM PY @PQPEBUJIPO XBT CM
W 1M SIBWE V TO@NG-B! i VAEXND\Z\B B1188 BESS B |
T 4BUBSORB POBSNBBEBKBIYZDEBT GFS S
/BBIBS 8kFUI| SR SBVPNIBTBOHVJIOPMF
JQBBSE WiB W DN ME}HDT BEP CIJWEBUTE
F 0P DBWMOE BOIENXB RSB 2V B\SBPMIMZ VUJIM.
) GWBIS TFFUW PNEMB HIFTQFD JAS INRS F BW B
MMOTHDBWMMEBFP OB N BOEIJOMH GFOUFS
TJHBOJET
5 06+ JT MPDBUFE BCPVU 8 LN
F T9B161.9 | F... PENIEEFE N BwR L JOM } PRBQUAMMELP E
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UulBU BSF BMTP MBOEFE BT CZ
4PNF TQFDJFT MJLF CVUUFSnNnZ
mTIFT BSF DPOTVNFE MPDBMM
OFJHICPVSJOH ,FSBMB TUBUF

"U 7TFMMBQBUUJ mTIJOH PDD

BSF TFU BSPVOE 6 QN BOE BSFH

NPSOJOH hF DBUDI JT CSPVHI
BVDUJPOT UBLF QMBDF XIFSF U
UPOT PG DSBCT IBWF CFFO ME
TXIJNNJOH DSBCT UISFF TQPU
DSBCT
"U UIF hBMBNVUIV OBHBS 4JM
JOH JT DPOEVDUFE POMZ PODHF
EVSJOH UIF OJHIU PS FBSMZ
BSPVOE 8i BN *O hBMBNVUIV O
XFSF VTFE UP DBUDI 87T UPOT P
DBUDI PG HBTUSPQPET CJWBN
HFUJOH FNQFSPST TJHBOJET
QSPEVDFE 60 +9 UPOT BOOVBM
*O hJSFTQVSBN mTIFSNFO M
CFGPSF NJEOJHIU XJUIl DBUDIF
TIFMM BOE mO mTIFT "U *OJDP
UJWJUZ JT GPDVTFE PO DBQUVS
NFO MFBWF BSPVOE 6 BN BOE S
%J FSFOU UZQFT PG mTIJOH
MFDUFE WJMMBHF UBCMF 9
TQVSBN B XJEF WBSJFUZ PG H
MBQBUUJ BOE *OJDP OBHBS mf
TBSEJOF mTIJOH SFTQFDUJWF
DPNQMFY POMZ QVTI OFUT BO
'JTIFSNFO GSPN UIFTF WJMMHE
PG WFTTFM hF NPTU DPNNPO V
MBN BSF CPUI UIF MBSHF CPB
WBMMBNT XIJDI BSF JOEJHFOH
BUUJ PO UIF PUIFS IBOE POM/
SFMBUFE BDUJWJUJFT 'JTIFSN
hJSFTQVSBN BMTP IBWF WBMME
FNQFSPST HSPVQFST BOE TOB
MBNT BSF VTFE POMZ UP DBUD

[\

DASSESSMENT QRSOCIOFEEGONQMIC STATES) T
m Z VAFTT UB@ BB I FAT XB-GE WSFEHBS BDRV
Z IPMEFNRDBF FYPOBNFE BOEUNFTIJOH S
*OUFSWJFXT XFSF UIFO DPOEVDUFE XJ
V SBIT KW FUNRIOIIMAB BFEBEN GG JORIBSBUJPO BOE
SFFSNBWFEJRUZ ®@NIBI1BPBAUBM GBNJIM
U BFQFSE BB MFBX BOBUBMMDPNF HFOFS
IFDBUYUUTATBGES EUI'MIS PM UWiRNJ I PP E
3 OGFESBROE BNBDZ INBJOBMZ I \GBDIMJIUJF
D XBUW F3S T B.D ¥ BUSIEP BEXEE NFAEFDU S JD JU
TFFN UP CF UIF JNNFEJBUF JTTVF JO QI
VWBS @ BWPWDIE DB NFQOMF Yh FImTW F WIMMBHFT
QW Bl EBZ XHWK ImE WB N FOUM FPRBVIFFBST *MM
OT WERF S\BRCS\DZ) OHF TBTO B PSIRNPP\OS BOE NPSF F
BOFS D PIGQMIFYERNBHPO RUIT BDUJWJIUZ
G FSBENQB BO B IBTTPDDBQ B B JPD
IWFT BOE DSBCT 4IPSF TFJOFT UBS
DABBIal Incane of FsleaneB MPQPET IBWF
MBdBSVWBJh¥MBMWFSBHF BOOVBM JODPNF
FBUWMF O Z QbF BANG BIOFEET SFMWSTGFE CZ UIF mTIF
T BDSN QO WIFFNEWNFET UG ZnAFGIGR WXJ U1 TNB M
OB HBi® 6 & IifF | \BBX@P\BB i M2 OXI BADF UIPTF JO
5 J ® BIUT 1B B BIE OB PRSHI OWBIM MB Nn FEFSSO CF U
FBOOYBMMZBNF QPPSFTU mTIFSNFO BS!
HABSBMBSAWEFB IO KBDI TBFSF HFOFSBM
*OH BBV \B B EL M W IB-Ns NBRICE GISIFSN UIF TNBMM
FEENM B OBUNFE PM E SFBESTO JBWHFIBHF BO O
[ RSKFF@ GSBOUTIDBODME DS BEMBOEVHI U
M ZB Mf & JUR S FCBIVFBTN Y LSIR'VE BRVBS UITF ZFBS
= UIFZFBBFIBEW B SJP WIBFEO 3T & iii QFS E
3 HIF F BBOM T P BTPFO ERIORVSZF @TU B Z0@FTQFS EBZ
V FOTE W BIN AUT MEDBWITB BSN MM BISF BCMF UP F
T30 I BB A QB SBIHFiiH BVOND DENNM ZB @&/ S J O H
V F BCSFOV B §BY OLES 8 UST i 1UQ FISMBEBZD X | JMF E
7 \WB O™ BINAZBESF VITEE] R EEMXIUO B NFBH S
F©J$6 THBRWEEENY B 5\B OB BB ® \BEOME JODPNF P
3 NITJ S F UQWBIBGIPW BSFFFT BDIFF SNEJIOFH UP U
Q@ABTUZQF XD M DIBIOBS UURE WSM FOHBH |
TBEEI WRTUP 3T 6ii QFS EBZ EVSJOH Ul
TPNFUJNFT UIFZ EP OPU FWFO FBSO |
OFU PQFSBUPST FBSO BSPVOE 3T &iic

[

=13
(e}



UIF QFBL TFBTPO BOE POMZ 3T
TPO '"JTIFSNFO XIP BSF FNQM
USBXMFST XPSL JO TIJGUT XJU\
BOE FBSO BSPVOE 3T 0807 QFS
*OJDP @GBHBMFSBHF BOOVBM JO
UIF TBSEJOF mTIFSZ JT FTUJNB
Ao iTi XJUI NPOUIMZ JODPNFT
06iof 1T EFQFOEJOH VQPO UIF

The Role of Self Help Groups

hF 4FMG FMQ (SPVQT 4)(T JO
SPMF JO UIF HFOFSBUJPO TBYV
SFTPVSDFT hF (PWFSONFOU J
PSEFS DSFBUF DPOmEFODF BN
DVMUVSF UIF XPNFO BU IPNF

NBJOUBJOJOH UIF GBNJMZ BOE

XPNFO XPVME CF NPSF SFMJB
SPXFE GVOET BOE TP JU XPVMI
HSBNNFT XJUI UIFJS JOWPMWH
XPNFO 4)(T BSF VOEFS UIF DH
.VMUJQVSQPTF 4PDJBM 4FSWJ
UIF 3PNBO $BUIPMJD %JPDFTF
%JTUSJDU JT UIF QSFTJEFOU B
CFST hFSF BSF g+ 4)( T VOEFS
5.444 JO BMM UIF DPBTUBM WJN
PG /i id8 NFNCFST hFPNB UOF PG
BSF UP
CSJOH TPDJP FDPOPNJD DIB(
DBM QSPHSBNNFT
EFWFMPQ TLIJMMT GPS JODPN
JNQSPWF UIF TFOTF PG TBWJ
SFNPWF JMMJUFSBDZ BNPOH
BHF

hF OVNCFS PG 4)(T JO FBDI W
QPQVMBUJPO PG UIF SFTQFDU]
PG B QSFTJEFOU TFDSFUBSZ
FBDI WIMMBHF BMM UIF 4)(T B
EJOBUPS XIP NFFUT XJUI UIF H
TETT BOE DP PSEJOBUF UIFJS
MFBEJOH SPMF JO UIF HFOFSH

6T B &V F [E \GS/JGHT U hiF B NBPO OB BTBWFE C:
PZFFEU RFFDF BT IBIOIET BROE 3T 8ii iii ¢
)| /P ©fF+ EBIZFPOPBBE FBW EBHZTPPG BMM
X PLSR. J B GIDE BiZifi XBT 3T 06 i0i ~60 64¢ &
D PO VFBO n8FIEBSIE Qiid®ofiin &BDI HS
UFBWFOEHF B®PBOEBDIL B®EiUIF SFMEB
VDREBEE GW \CIFUXBBE® BTDF &BDI 4)(
THETFROJO PSEFS UP EJTDVTT UIF XJTF
PG MPBOT BOE UIF QMBO GPS UIF DI
hF TBWJOHT XFSF MPBOFE UP 4)(
BRQRMTWIMWBHWABWMEZ DRBMESBWPJE
VJ0 AOEG B X BUFI YHIFJP® MSE B O CBIBUF T
T PROODPR/SBBTIPETAGES MOF DPOUJOVF
P OHF UPN XKPIRMET*O0*@BEEFES UP SFDU.
QMBDIBO UNQWSMBIBUY FSIPXIFSFOFODPV 'S
BRFF UP BO BXIWH UWHFNE UABJ RULAF B
CMHFOPSBUQBAENEDWIWGUIPS 00 CFIB
OB [FFBTT B WP B © TWIBJID JEOZ| RSP UJINF T
NFBWFEFCKBKESJHZPR® BIGE EJTUSJ
ONSWGIF 8T RIGFSHFTQHDABIMOF HSPVQT ¢
DFU4PDJRBD | NBEMLFSVIT GERVJISFE UF
WP BOHP QPG SO UUNMP SOTUBMNFOUT
OEOMFBFTUT WFEXEKR FIGW FE BIMFNFNM P B
UGBBIEMZONFNSBBIPOVFGBWOE TPOT U
1 MIBH BP & G5 BWU MYP 6§ Y@ XUUP @ TU P OB BIE |
KEPUIWFBSF FNQPXFSFE JO TPDJBM
NBJOT BOE BDUJWFMZ QBSUJDJQBU
D HE WM BOYOB 6 HB@SPDFH TUFFAD IMIOLJOH Ul
BOE CBOLJOH JOTUJUVUJPOT 1BUU
F HIFRO MSBWFMNOHPPEPPIGBNINFENFO JT K
OHOH SFFG SFTPVSDFT SFTVMUJOH
DHEMRK3SOE QPRYVF XN BWIEDBESHFOEGBO FW
mTIJOH CPBUT XIJDI BSF FNQMPZJC
UJWF NFUIPET UP DBUDI mTl *O BEI
JMVBHERIJWBSIBTFXEUVIJMMBHFT UFOE
WNFF\® JXI W BFH F S &VBB G (UPP @ TIFSINF O ¢
USFBVS®FSPEOE P& SUMBUOFOPSUTIPO P
S RJNFB\O B H FEE MR XB IO I B JDAFP ShF J OB
SP\FQ™ PO BFSBFOROSF DB WBOIFT BU GB.
BNUBRWIDPRGFNIF ERWFRRMORFOU BOE
3 UN B O ZBIDAEB BEBINOJ TIFSBGBRQ PRSS FYE
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UIF BVDUJPOT BSF DBSSJFE PV
B DPNNJTTJPO PG 606+ "T B SF
FWFS JOEFCUFE UP UIFTF NJE
XIJMF UIF mTIFS GPML XIP DBS
POMZ NFBHFS QSJDFT GPS UIF
CFIJOE UIF QSPCMFENT BSF MBI
UIWF MIWFMJIPPET

CREATION OF AWARENESS

*O AT B TVSWFZ UP BTTFTT
BCPVU DPSBMT EFUFSNJOFE Ul
PG XPNFO XFSF BXBSF PG UIF
DPSBMT EBUBWSTPOVT 4%.3*
EVDUFE TFSJFT PG BXBSFOFTT
UP QSPNPUF UIF JNQPSUBODF
QSBDUJDFT BOE UIF OFFE UP D
EFTUSVDUJWF mTIJOH QSBDUJ
XPNFO XFSF UBSHFUFE BT UIFZ

Figure 1.E o A>+EAiivVAE>U>Ai"iAAE «Ale} A

U XJ8PMHUNI GBWBMZOBOIP HFWIBM TFU V
TWKNMNFOIB IR TIWASINFGBESF BEEPPSBM RVBES
- MUFBNF G XS AN BIG P X RFBBMVEU MIIFMMMmMTIFT BO
SZAPX YPEOWN DEOSE IXPGEBRECGBUOSF UIF N
JSS PBIFIE T |k FESIT P05 BEBJIPOFT NBMF mT
D LUR BJ B XBENFIMZ Th B B BSRLOHSTOBQ SPHSBI
GBNIJMJFT BDUIJWFMZ JOWPMWFE JO SF
BMT GSPN UIF P TIPSF JTMBOET BOE
OPX TUBSUFE UP BSHVF BHBJOTU EFTI
WIMMBHFT *O 7TFMMBQBUUJ DPSBM R\
U | M B XBGE QUFF TmMPFG-FSNFESIBWMIBMTP BEP
Bt PIQMHA N FE NFOFBrOBRFS PNFO JO hE
FDBBPERADMEMP QDHPA JiO BIBDAFBRMGNIJOJOH |
IBXIJDROBT DVSCFE UIFTF BDUJWJUJFT D
QB PHS B8 NEFZO0 BN W F Tk TWIIMHMB HIFAOH HF M.,
PI@ TDPEBMHE DAFBNVQUMMEURMA QK hIJSFTQV
VNP VYWMASBMIDP UEZND R \PESS $ M MI-HH B En T |
DEPMIHEWF VS BRIOMYUMIRFSF UIF NPT
. QUNMB N BMWFFSZSIN Q ASNUBNOGF SP MK UIFJS
BMTP JOGPSNFE UIFJS 4FMG )FMQ (SP\
TFSWBUJPO TIPVME CF QSBDUJDFE CZ
UBJO UIF SFTPVSDFT GPS GVUVSF HFO
DPNQMFUJPO PG UIJT TFSJFT PG BXBS
PUIFS TVSWFZ PG UIF LOPXMFEHF BCP
DBODF PG DPSBMT BNPOH NBMF BOE G
NJOFE UIBU BXBSFOFTT MFWFMT IBE J
BOE fit+ JO NBMFT BOE GFNBMFT SFTQF
BXBSFOFTT QSPHSBNNFT UIF CBTJD L
OFFE PG DPOTFSWBUJPO PG UIF DPSBI
DSFBTFE TVCTUBOUJBMMZ

ALTERNATIVE LIVELIHOOD SCHEMES

*O PSEFS UP JNQSPWF UIF MJWJOH DP
BOE UP SFEVDF UIF QSFTTVSF JO UIF |
UFSOBUJWF MJWFMJIPPE TDIFNFT XFSF
FS UIF XPNFO VOEFS 4FMG )FMQ (SPVQ
USB JODPNF PO UIFJS PXO UP IFMQ Ul
UIFJS TPDJP FDPOPNJD TUBUVT

i £"QBSU,ESPN TIPSU UFSN USBJOJOH Q
V&EFQBSBUJPO GSPN NBSJOF mTIFT BO
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BMUFSOBUJWF MJWFMIJIPPE Q
NFOUFE JO UIF QBTU 4%.3* IBT
CVIMEJOH FTQFDJBMMZ PO WF
BOE EFWFMPQNFOU PG WBMVEF
VUIJMI[FE SFTPVSDFT TVDI BT
GSPN $03%*0 BOE PUIFS BHFOD

Vermi-Composting

7TFSNJ DPNQPTUJOH JT B TJIJNQ
CIJPEFHSBEBCMF XBTUFT JOUP
FBSUIXPSNT &BSUIXPSNT CSF
BOE DPOTVNF JU BMPOH XJUI
EPXO JT UBLJOH QMBDF JO UIF
CZ UIF NJDSPPSHBOJTNT BOE H
UIF JOUFTUJOF hF EJHFTUFE N
GPSN PG HSBE®PGSWFIBSOUENT BSE T
UPQ MBZFS PG TPJM hF XPSN D
PUIFS TFPGFWIFPBBSUIXPSNT EH
BOE FOPSNPVT RVBOUJUJFT P
BSF DPMMF DRSS WF M EZINBBRNEINE] [
DPOUBJOT BMM UIF NJDSPOVUS
UFS FTTFOUJBM GPS TPJM IFB

6iA“ T e “«eAIE*Ai«>A>1""

"QJU PG ANYTONBOEONEF
6 DN MBZFS PG CSPLFO CSJDL
CPUUPN hFSFBGUFS B UIJDL
UIF QFCCMFT UP ESBJO FYDFTT
PO UPQ PG UIJT BOE BGUFS
JOPDVMBUFE XJUI MPDBMMZ 1
MVNQT PG DPX EVOH BSF QMBI
XJUI CJP XBTUFT MJLF GPS FYBE
PG TQSFBEJOH BMUFSOBUF MB
JT SFQFBUFE VOUJM UIF QJU J
BMMZ VOUJM UIF FOUJSF DPOL
OPU XFU hF QJU JT UIFO XBUF
GPS BCPVU A6 EBZT BOE LFQ
QBMNZSBI MFBWFT UP QSFWFO
CZ CJSET "GUFS A6 EBZT UIF
XPSNT JT B IFBMUIZ TJHO 8BU
JNQPSUBOU DSJUFSJB JO WFS

5 PNHSBINUNSTF [BRYEFUCFIFROTYSQ@NWBM  0C
JOI\Y FMW FTE R\OMEI € P RIYBODPAEZVQTJIEF
SNWFISANPB®TUJOH DSBC GBUUFOJOH
BEEFEU(FSPPWOWT G ISPNHFOBBEOH SFBI
H BSTAUGSWPTEFP EONPBB XBGUTVQ®PS$Z TXF
JPPNQPTU JT OPUJDFBCMF OP BEE
X1JDI DPNQFMT UIF XPSNT UP NPWF
hJT XJMM GBDJMJUBUF UIF IBSWFTU
M AN U B D IEBINRB/HFF PGP DLPIG WKPPSSWWJTO Hh F IB S
W B8 ME P BE B DEUCE FGPI\U PIGJBFB PWOTR @19
B LEWPXI®JHFW SBEBKIMFMXBBDEFMIUBUF X
JIBOTRIM DRNSQPTU UPF NCRWBLUP UIF M
JDRWFBIOIF X® IINF BBFPWI XUHBENTP XFS
JBOEUUWB OFTGEEZ SI FUTRNS FOFBD ORMODPNQ
NBUFSJBMT BSF FYQFMMFE JO UIF
FFOIVA UIF
BRETPBMBOHDXYBTWFF WEDFS BOEE FW
- FBBEOBEBMUFXPGBWISPONFOU BOE IFBN
5 DEDRARDJBN \WID SBPWHBRJI TTNPINQ P T L
PMNDWPZIBG UIF DIFNJDBM GFSUJMJ[FST
J BB T D WMUITWEBQE FPCS H'BOE) I INNBB BSF
M UN FBSNE] QMR QB THUSPKWATTIWFMZ VOM.
hF XBTUFMBOET XJMM CF JNQSPW
UJPO PG WFSNJ DPNQPTU BOE UIF
FQXBTNEIVHN@®SBWFETB UMM TBPOBM BDQSPQFSU
T PEBQAEOMFTTUBVIDBFERE BG® WIF TPJ
MBZIFSSPBUTTBPE UTFTQEBBRE PWY¥SUIFS
XTBIT BB O'DV BZIAVEMP GETIPR W FIM PIQFEF BE
CFJOFS NP ITRINGB [RE J QDS ARPTMT JUIF R\
D PWING FQSFFEV BB S U FYWPSSFW IRB™MRMBO
F EUBWMHS T IFOEP PM | B S BF DPROASIEEM OV
3 NQB/TFU E SZONE FBWEMJ thZ TP Q SPIBFPSPE V
ZABTF RG AR H VOB BIOE ZC B® K BIMB M G
T BWMFE 8BUFS JT TQSBZFE MJCFS
) FOUIr PSF W FRO QT W IBFSFPNMJIFSPTYRO E
5 FENBGP \W P D JUU P STFE) 8 FI)V MB SMO2BOD F
U DPBWF SIBP SIS HBODFAVU PS
U EJFS NS MBPONDDP P G JOIFF BAFSINO BF B FR
B QTQUFSBVANBFGDDUFT UG BV OV F OB NP FEB-SIB J O L
=S N B MEHFBNUFJUK PT PIEOPESTUNV OJUJFT |
NDRPQMMBEBEPBT XPSMBMBPRVWFBS NI L
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QSPWJEFT BEEJUJPOBM PS BM
XPNFO BOE VOFNQMPZFE ZPVUI
MIJWEFEMJIPPET

JA>""""}EcevE “A. . iAETce"i"
4% .3* IBT JOJUJBUFE USBJOJO
DPNQPTUJOH UISPVHI $03%*0
MTIFSXPNFO CFMPOHJOH UP U
1VOOBLBZBM 7FMMBQBUUJ BO
hF USBJOJOH QSPHSBNNFT XF§
OFTT SBJTJOH BDUJWJUZ CFDB
BWBJMBCMF BSF DPNQBSBUJWH
TFB HSBTTFT FUD JO UIF TIPSF
hF XPNFO XIP BUUFOE UP IPVTH
PG UIF WFSNJ DPNQPTU QJUT J
5XFOUZ XPNFO GSPN 7FMMBQ
B DPNNFSDJBM WFSNJ DPNQPT
UIFZ PCUBJOFE QSBDUJDBM FY
DPNQPTUJOH NFUIPET mMHVSF
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UFBOEBUR O FOBSDWSIF B® B Y DPNUF GWPES U ITF C
TWREBEEEGB R NQBFPRPWHIHSO BRI QSPHSBNN
DPNQPTUJOH QJUT XFSF DPOTUSVDUF
XJul CSJDL XBMMT UP BWPJE TJOLJOH

H QSPHSBNNFT PO WFSNJ
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Figure 4. E

QSPWJEFE UFDIOJDBM CBDL V(
QJUT BOE UFDIOJDBM BEWJDF
FST & FDUJWF DPNQPTUJOH IB
UJPO PG UIJT WFSNJ DPNQPTU
BSSBOHFE CVZFST GPS UIFJS
PXOFS JT FBSOJOH BCPVU 3T
XPNFO PG hJSFTQVSBN IBWF T
DPNQPTUT JO UIFJS PXO JO UI
BCMF UP IBSWFTU SJDI ZJFME
XPSNT UIBU DBO CF VUJMJ[FE ¢
CJP GFSUJMJ[FS JT SFBEZ UP
CVZFST PO CFIBMG PG UIF XPN
POE USBJOJOH QSPHSBNNF JGQ
XPNFO TUBSUFE UP WFOUVSF
UIFJS PXO WIJMMBHF hJT JT BO
UIF DPBTUBM QFPQMF BOE BMT
MIWFMJIPPE PQUJPO FTQFDJBN
7TFSNJ DPNQPTUJOH IBT CFDP
HFOFSBUJWF BDUJWJUZ CFDBY
UJNF DPOTVNJOH BOE QSPNJTJ
JUZ JT GBTU TQSFBEJOH BNPO
LFFO UP QSPWJEF USBJOJOH U

Crab Fattening

"MM DSVTUBDFBOT VOEFSHP ANPVM
UIFJS FYPTLFMFUPO JT TIFE JO PSI
NPVMUFE DSBCT UIF DBSBQBDF JT
LOPXO T AXBUFS DSBCT BOE EP OPI
UIF NBSLFU 6TVBMMZ UIFZ BSF EJT
DSBCT VOUJM UIF DBSBQBDF IBSEF(
hF NVE DDEZFAMMB UBISFSBB® UP 6 EBZ
UFOJOH CVU UIF TOPENNIOWHI BXBHBVCBIH
1 TBOHVGBMEGOVIXIUIJO 6 UP g EBZ
DSBCT HFOFSBUF B OPSNBM NBSLF
DSBCT

iTiwlA

$SBC GBUUFOJOH JT TINQMF QSPDF

PG UIF WIBCMF BMUFSOBUF MJWFM.

BEEJUJPOBM JODPNF CZ UIF mTIFSX
EYeAFAPBWET UIF SETPVSDF BOE HJWI

4)( PG CFUXFFO 3T 8NPFOUWHR 8 6ii QF
) 3FHVMBS NPOJUPSJOH PG UIF
IT/AQSPWEIREEAG SAFRY UP UIF WIMMB F
T {DFP @B JK ¥ FED P OPDIB D INFPITOT) GPES m T |
) OISB E F H SBN NV O B W FFEEBBOMF VOUJM
CGRB BUFBQIVH [0S PERGHE TFWEFTS 20Q UUB U |
5 SiF UPFH FOIUQPS DSPQPBAUBM WJIMM]
UBSUFEGUPS BG FOBSFFOFGNICZ 4%.3%
F JJ0 @ BWDR. 28 5 EJO UFGE BS D WVWP XGPSUI C
T PSBCPHOTIDO N QPIMMBHKFMMMBTR B U U
5 PHSS B NFN G FXYBUT P18 M B O BI[ FEODZE ARKF3* V C
C FQIBRSMSIBINNE  h4%U 38 BG $B 10 DPPTW F S F E
F@ SRNVSIP BT JOGHUE BF INFVIMDFE DSBC*
NEPIWWFEE] DS EN ¥ OU fi 1] @ Y Q@B TGW € I
JBOE WIFSNIS IWEN Q PA® JOBUUUBOFE DS
FOSBPONED BMW JERSEMF NHO UNGESDSB
P BSBIBICMF BMUFSOBUJWF BEEJUJPO
/M Z"G B RS FUNFT IFSBIPNPG QSPHSBNNF
N F) BVSFSEZ GOFPSQ M MFB S PXDTURSNVAD U JP O PG
TEPRSGUIBTAMPXP NOW PTG NFRIMB QBT T .
OHM)KNB NFENWORMYEFEJUMBDBLW VQ UIF
H POLFRIS W PIQHS8BIBIPEOG SAMN. TUPDLIOF
P REIESTWSVIDMBHBENJIOJIJTUSBUIPO TBC
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Figure 5. E
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DPOTUSVDUJPO PG UIF DSBC G
TUSVDUJPO PG UIF GBUUFOJOH
JOH BSPVOE 6i XPNFO XFSF TV
GBUUFOJOH QSPHSBNNF 3FHVI
CBDL VQ XBT QSPWJEFE CZ 4%.
QSPHSBNNF

hF MPDBM XPNFO mTIFS GPML

MBHF IBWF UBLFO VQ DSBC GB
DPNF BT BO BMUFSOBUF MJWF
DPTUMZ BOE FYQPSU PSJFOUFI
GBUUFOJOH BT UIFZ BSF FYQP
JT B EFNBOE GPS UIFN UISPVH
TUPDLJOH XBT DBSSJFE PVU J
UFOJOH QFSJPE GPS NVE DSBC
006 XFFLT hVT JOTUFBE PG N
NJOH DSBCT BSF CFJOH GBUUF
XJUI 1JHIFS TUPDLJOH EFOTJU
NJOH DSBCT BSF QVSDIBTFE G
GPS BO BUUSBDUJWF QSJDF B
hF DSBC GBUUFOJOH JT B WJBC
IPPE QSPHSBNNF BOE DPVME H
5VUJDPSJO DPBTU CZ 4)( mTIF
MBHFT

$SBC GBUUFOJOH IBT CFDPNF

WJBCMF XJUI HPPE NBSLFU WBMVF 0U
IBWF BMTP DPNF GPSXBSE UP QSPWJE
GPML JO DSBC GBUUFOJOH )PXFWFS J
IBOET PO USBJOJOHT UP mTIFS GPML E
UIF DPBTUBM WJIJMMBHFT JO (VMG PG

UsBJOJOH VOJU DPVME BMTP IFMQ UP |
NPOJUPSJOH PG UIF GBUUFOJOH BDUJ\

Development of Value Added Products from
Under Utilized Marine Resources (Gastropod Meat)

>VZ}Aed™

4FBGPPE QSJNBSJMZ JO UIF GPSN PG
BOE NPMMVTDT IBT CFFO TPVSDF PG (
' RFNYSJEM *O *OEJB UIF DPTU PG UIF
DSVTUBDFBOT JT JODSFBTJOH SBQJEN
JO MPDBM BOE FYQPSU NBSLFUT NBLJ
BQBPQMFHIOIBPPSESFIF DUP ®POG TPDJF
TWIPEQ B MIVMPWIFF BrOV B M Y(F'S O BWIRWFWB OE DI
D DR PVG \VOAWPE IPFEE BPRIPFOE RIDBFE 0 Ul
I B\BVNPBDURS PO R BOIE DFMIGBMRBMPET CJ
3‘GPBR QBGPSRBOU3MTOFSZ SFTPVSDFT
.FBU GSPN NPMMVTDT JT SJDI JO QSPU
R G ¥ YMBTIBVFUT PV BIDD R GVOMUSJUJPO
J W00 PH QBEUNMBE WR IHFPBEBUFFBIGPPE
MD PP\PCE) T PEF NBU I*QUIBJBM®IW F O LFJP OB M
= QWP @B CTT XEBFF Q 8 FBFGBVFR QRIS O PG
S UCFFEUJ O AVIB @ @ FOBAVD B).PU U PRO @\DEMUIF SB I F J
1INV B UWJIP ZFBP NBO¥BDISBCBEEFE QSPEV]
D RFSFBEMFAQUYBRKMWFFS UIF GBU
T XBT GPVOE UP CF BT MPOH BT
VEI'™SBCT UIF CMVF TXJN
ORE E WS BUGESP HFPTUSRPPE SBEIPVSDF
7 YnJFUNPPAUM BDE XBVBFTXWR EFWFMPQNFO
P SQ 8 PSEAMAFT Q&-SPINS B OF BWOCEE FBWEUJM J[FE
Q XS BY IWBXJ FNFD |DTP Kl PdH D KP \DMBCFMQ U |l
M F EBS\DU F 8 0 B B JVOD B E E JEN $ DBH U1 FW/F NS
FDBUQ \B MM P T B BBSJB D URIISF B XJA TNBMM TO
5 X@ SIFQ@B $@ ULIFEOP /GF % BWIWF BEEFE QSPE)
UP QSPNPUF BO BMUFSOBUJWF BOE DI
WRIPA/ Q IEP\PEBSP BIFBU WTFIOHAKMEZT PG QP

o
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"UPUBM PG A6 mTIFSXPNFO GS
QBUFE JO UIF USBJOJOH QSPH
NBJO mTIJOH BDUJWJUZ JO 7FN
RVBOUJUJFT PG HBTUSPQPET B
HBTUSPQPET XFSF VTFE POMZ
PQFSDVMVN CVU UIF NFBU XB
JUT OVUSJUJPOBM WBMVF %V
XPNFO XFSF NBEF BXBSF PG U
BOE XFSF UBVHIU UP QSFQBSF
QJDLMFT TPVQ QPXEFS DIVUQ
NPO MPDBM QSPEVDUT VTJOH
BMTP UBVHIU IPX UP IZHJFOJD
IBODF UIF RVBMJUZ hF GPMMP
UIF USBJOJOH QSPHSBNNF TIP>
DPOTVNJOH UIF HBTUSPQPE NBF
BEEFE QSPEVDUT GSPN UIFTF
UIF mMmSTU PG JU LJOE BOE XJMN
UFJO TPVSDF JO UIF OFBS GVU
hBSVWBJLVMBN BSF BMTP BTL
QSPHSBNNFT hF WJMMBHFST
TNBMM TDBMF DPUUBHF JOEVT
HBTUSPQPE NFBU UP FBSO BEE
hF USBJOJOH PO UIF EFWFM
QSPEVDUT VTJOH VOEFS VUJMJ
BXBSFOFTT BNPOH UIF mTIFS (
VUIJMJ[F UIF NFBU BOE BMTP U
BTL GPS TVDI USBJOJOH )PXF
EFWFMPQFE QSPEVDUT MPDBM
TNBMM TDBMF VOJU XIJDI UIF1
XPSUI QSPWJEJOH TVDI TNBMM
PG .BOOBS TP UIBU BEEJUJPOE
CZ UIF mTIFS XPNFO UISPVHI U
USPQPE NFBU XIJDI IBT CZ FO

CONCLUSION
hF QFPQMF MJWJOH BMPOH UIHR

PG .BOOBS NBJOMZ EFQFOE PO
MIWFMJIPPET hF MBDL PG BXB

MIJWFMJIPPE QSPHSBNNFT BSF NBKF
PNJTHMWMB Q8 UPD W WNMBOFENIBSTUBU V'
SBMNEB Z3SBCMATMIGHP GTUUFRFSFFG FDJF
I MBJIPBOU Q $ RAKIADNU B KBP DIVPTXIFONHE B O \BHKFB S |
SFPPHE TPPSM B SER K FBIT TC 2 XFEUIDP PEFSF T
GBP WILFBGS EC FB\OPYG BMS F MM NIFEBGQIEU F
T XBA MBE XUINP VW ROPXJOH
SIOhHF DISFRSBRO JOMH BMBSHORFS DPV
IFMWB/MMB I PBEUQS SHFSPNSBDFTDO UIFTF
WBIBAFSBEHRFEIJQSFBEY¥DU BNPDHBIIF QI
FEOQEP XBOB BO B IFUSFEF ®BY¥TPVSDFT
HBTBOSFQRY¥DN BB W FWFMXFEGBXBSFOF"
BMRPARDEB\OE WBPAEFBIEFEARFSBOJOH BD
X B BURESBWF B IVFBCSEMNFISUF EPBIGBRSJID TI
FE Tl BE FUG FSWT RI\WSECHFTS T4 %UB*SBIMEF B E
EBM B S FWBSNAQINOFRUIPS WWBMAMEFHFT JO
V CBECFES WS PN H[IFPEY B RV MGPR® EB QOB S J (
I BFEEW B JB°TO 8 MUBFEG PEBSM U BSVIFBUIPW F KD B
VSF /PX UIF OFBSCZ WJMMBHFST
JOH UP DPOEVDU TVDI LJOE PG
BSF BMTP XJMMJOH UP UBLF VQ
) ACKNQWEEG@EMENTE UIF QSPEVDUT GSPN
JILWFPBBMIBODMBNF IJHIMZ UIBOLGVM U
PQNPOU 78 MWBBM\)FBEHEBE444 BOE 4)
[FEPHBFOEVYRQBENFBSBBOJIJDIFBBOE D S
5 PMVBLP 8 6 T TP MBVQFBG) UIOW FKd M BPI FP §IPJ O
IFOBODHBIW TS DAH WWMMBHFEST UP
WFS JO PSEFS UP NBSLFU UIF
MZ UIF WIMMBHFST OFFE UP TFU VQ
7 DBOOPU B PSE *U XPVME CF
VREGERENGES i PS 0 WIJMMBHFT JO (VMG
3 M& B OWAHSN P OD PV B E7 C F3 #1e~0 FSBBIFE PG NE

| F %PLP_FﬁAQR/FFUJ\Pl\ﬁM FB@W@W@H—F—MF L(J\é'\g?oﬁg
MB% $IF ﬁ?ﬁﬁﬁ%’gﬁ@z 0o~ A

.WVSVHBO I1BUUFSTPO &EXBSE + n
FOJOH UIF CIPEJWFSTJUZ PG NBSJOF NPF
.BOOBSWLU .BS #JPM &0 4QadbdBVICN

1BUUFSTPO &EXBSE + %FFQBL 4BNVFM

Hpsie w W Y e OENBC
% %Pit% G UJDPS
4 V% CMJIDE

SFQFFETO&Q)E WJBCMF BMUFSOBUJWF

fido



I1BUUFSTPO &EXBSE + ATiTA ihF DPSBMUFFEFIGCOPE UIRiB UisSBRBDAUZ CVIMEJOH B!

=13

1

DPBTU PG UIF (VMG PG .BOOBS 4PVUIFBEUF*DEVBE GH®P NJIZVEIIDRRSJO DPBTU PG (VM
4PVUFS % 8 B8JMIFMNTTPO $RSBMOCV OB B%BU PRETOEJBwW 1BQFS QSFTFOUFE JO UIF
3FFG %FHSBEBUJPO JO UIF *OEJ®O| 0D FFBC® QUBRNW T BFIDHSKDIREZTUFN 4ZNQPTJVN |
000600606+ JOQQJOFT fo6o0fio .BSDI fAiio

5.444 3FQPSU AiiA 5.444 "OOVBM 3FQPSU #fi

(@]}
=13



Building an Integrated
Coral Reef Monitoring Network
- Lessons from the GCRMN South Asia

0-& 7&45&3("*3%&/ $"55&3.06-

®1SPKFDU $PPSEJOBUPS *OUFS
"BFHIJPOBM ($3./ 4PV UI

"TJB $PPSEJOBUPS $PMPNCP 4SJ -BOLB

HPWFSONFOUBM ODFBOPHSBQIJD $PN
ATTA

LFZXP®SPBBM SFFG NPOJUPSJOH QPWFSUZ FSBEJDBUJPO DBQBDJUZ CVIJMEJOL!

hF (MPCBM $PSBM 3FFG .POJUPSJOH /FUXPSL

ABSTRACT

hF (MPCBM $PSBM 3FFG .POJUPSJOH
CFFO PQFSBUJOH JO *OEJB .BMEJW
XJUl UIF HPBM UP FTUBCMJTI B SFHJ
UvuJPOT UP DPMMFDU DPSBM SFFG
QPWFSUZ PSJFOUFE SFFG NBOBHFN
hJT QBQFS CSJFnZ TVNNBSJFT UIF B
A($3./ 4PVUI "TJB GSPN JUT mSTU mWwW
JODMVEJOH B DBQBDJUZ CVIJIMEJOH
JEFOUJGZ DPMMFDU BOE VTF DPSB
JOnVFODF NBOBHFNFOU BOE QPMJD
QBQFS BSF UIBU F FDUJWF DPSBM S
TUSVDUVSFT OFFE UP DPOTJEFS mS
QFPQMF XIP EFQFOE PO UIF SFFGT

DSJUJDBM UIBU JOGPSNBUJPO PG B
bDvMuUVSBM QPMJUJDBM BOE JOTUJ
GPSNBUT UP EFWFMPQ IPMJTUJD QP
hSPVHI UIF BDUJWJUJFT QSFTFOUFE
UP HBUIFSJOH PSHBOJ[JOH BOE EJ
JOGPSNBUJPO UP FOE VTFST IBWF H
GVUVSF XPSL XJUIJO BOE PVUTJEF

INTRODUCTION
3FDFOU TUVEJFT TIPX UIBU DP

IPPET PG NJMMJPOT PG QFPQ
"TJB UIF 1BDJmD &BTU "GSJD

($3./ 4PVUI "TJIB
UJOHFBINBMi0O *O TPNF BSFBT QBS

/BLTWPBSGE(%%/BUEHT UIF EFQFOEFODF J

FTU@@?F“ FTE%EE\MF—'%"Z%?D‘PS BgE
7 ﬁ‘%%%ﬁ@%? L i’

R,5EFG EFHSBEBUJ

G§M&H§L%‘%V\/$ﬁ$QFE uBTEEBTU

M SFEE S6BFONB FPRBFEFJodPXr WEHS UIE
JFYO-4B¥YUEB'TY BNE BV IDPINFUWOEFS JOI
F FGONW.DS B O NG LBEOM NBIOBHFNFYVO TV TUE
T UNEFOTEL G DS+ NFETWI @ EFT O IDAVE T NPESUWFI IS F M B U
SPEBUTETS TWBOYEWBBTHREDFPYMD PP PIG Q
MMYEFRHI TR PR ORI OIBM B D NWIFPPOANIRO
JVH POV MT BIME EMEFCYN FE B BBIHITFEG C

M&PB’&Eﬁ?ﬁﬁ*éBBHiﬁﬁo PR D EGEE M) T
JRGE HVBFJJ;W TNYEBU A Esp
N&Z%i xé%eﬂ%ﬁ@%fﬁ&gjsggg u

FTU TUBLFIPMEFST BSF mMOEJOH UIB
DMJOJOH NPSF UIBO PUIFS DPBTUBN
UIF MFBTU BCMF UP SFTQPOE UP UI,

*G DPSBM SFFG NBOBHFNFOU BSF

SBWP O FIFS TU¥FSEFSQJIB U IFPMEWBMJWF

M FB K@ BMBEXIPEFT FEG QA B JBAVABZQF® Q M F

B BOHER UIF $BFRIECEBOBSSHIPRVIUBCMZ
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TUBLFIPMEFS HSPVQT "MNPTU
BHFNFOU XJMM B FDU UIF XBZ
TPVSDFT BOE ESBNBUJD DIBO
MJLFMZ UP JOnVFODF UIFJS MJ
MIWFMJIPPET BSF NBSHJOBM B
nJDU UIJT XJMM MJLFMZ TFSJP
B TVTUBJOBCMF MIJIWFMJIPPE §
BOE IPMJTUJD SFFG NBOBHFNF
PG MPDBM SFFG VTFST JT WJUE

#VIMEJOH DBQBDJUZ GPS JO
JOH BJNJOH OPU POMZ UP DH
FDPOPNJD EBUB PO TUBUVT B(
BOE EJTTFNJOBUF UIJT JOGPSN
JDZ QSPDFTTFT JT BO JNQPSU

hJT QBQFS CSJFnZ QSFTFOUT
FODFT PG UIF ($3./ 4PVUI "TJB
BQQSPBDI XIJDI IBT FWPMWEFE
UBM GPDVT UP B NPSF IPMJTU
BQQSPBDI BOE QSFTFOUT TPN
GVSUIFS DPSBM SFFG NPOJUP
OJOH

GCRMN SOUTH ASIA PURPOSE
AND PROJECT SET-UP
*O dg@wd6 UIF (MPCBM $PSBM 3
($3./ XBT GPSNFE CZ B SBOHI
HBOJTBUJPOT BOE JOTUJUVUJ
HMPCBM SFFG EFDMJOF BOE Q
SFFG TUBUVT BOE VTFS QSBD
NBLFST

hF ($3./ 4PVUI "TJB ($3./ 4"
JO 6996 BT B SFHIJPOBM OPEF
NFOUT PG *OEJB .BMEJWFT B(
UIF *OUFSOBUJPOBM $PSBM 3F
"DUJPO *$3* 0ood BEESFTTFH
TIPQ JO #BOEPT *TMBOE .BMEJ

"EESFTTJOH UIF DMPTF MJOL
IFBMUI PG DPSBM SFFG FDPTZ
DPBTUBM DPNNVOJUJFT UIBU §
HPBM PG ($3./ 4PVUI ABFE VHS

X

BEONPGPISN P BFIPMSDFNWX®UIUUFF JO
Q ARFND B ni D UFSFBORD NG E 8 SGFGESB®NVF O D
{ FBHJFN EORU QB BDPTUD M PBOEFQP BEFIFT U
WEGHIFRETUBCHMK | F$ O \PPBLBUE A0 BB § FIE
OEFWGCXFIDRUF P ® R MTAUBPDD BQETDP® AFR\
VYNEE GD USBLFISPBCIMIUB UG MPBSITFV S F
P BaWRJE UIJT TJUVBUJPO JOGPSNFE
OU GPBBDBEESF TUN UM DEPOPFBS OTIF QSPK
BMUIF GPMM P XNOUHQVQHADJmD
UF Bl S BSUOFIB MIPFSB D SEEGINR OBNPSH OBUJ
MM FDBJS BO PSP HPDBRMVBRE QTPOUFHSBUF|
E USSPEHSBOWFBMTP TZOUIFTJITF
B UJP O ROJPP Q MBK O ZJT W BNOTE @P3M UIF FD
B O U FIIUF@PNG B BMNEMIOH RIG D PHESBBMS FF G
UIFTBDET\B EBIRUF B G § WPASEIM BOE OB
JODMVESPOMFUTF QR SPISFRPSF F FDUJWF \
GSPNPESNBGHOMGPSWBEPROI P DPOUSJIC\
JD EBMFANWFROQNG B B FAOMDHS PONF O U
F FWOFSOPSPETFEIBEHNBPOBMIBRBSFOFTT
SJOH THEOE TNSFEMBUFRNE 0P DWBBJIJOBCMF V

5SBJOJOH JO FDPMPHJDBM BOE TPDJP]
JOH UBJMPSFE JOGPSNBUJPO EJTTFEN
OFUXPSLJOH IBWF CFFO GBDJMJUBUF

($3./ 3FHJPOBM $PPSEJOBUPST GSPN |
FFRCBTFEUWP$SBURNER X£SL -BOLB XPSLJO|
- RIG PXD X FS O/MBWIPOMBW RS3./ $PPSEJOBUP
PODHUB SBBTFEBXBSAPFICIJFOSZIPG &0OW
SKWUEFPEMPUBBBN @GP SWEUZJP® *ROE JB
U JBWF U IFP. B\NSBIOFHFFSTF BOEI QPOUBE .3$

FSJFT BOE 4SJ -BOLB CBTFE BU UIF /
BTRO/SINAE"HFODZ /"3" .JOJTUSZ PG 'JT
PG '(33B/OOZBMFTMPWFSO JODMVEJOH B
EQFSTIJUBG DB B SFFOPQSPWIFEFE CZ 6,
F GJ ES OBLRIP DB T Y%AF BIB-NVPXPNSHOGP 9% ' * %
BNUB B ESHFFHSIPEOMB T V@ @P KB SQSPWJEFE CZ |
WETFBOPHSBQIJD $PNNJTTJPO *0$ PG
BHET-UEB B FoY, JCBTEEUXFFWOMPIGNFOU BOE
rUFINTJBEEPOIEFXBMGBSE BGWPRXSUI MPL
FMZTRIG QWDFNG §PR FUNF SBSD I4DH -BOLB P
RHYRESBOWDF IBT CFFO SFDFJWFE GSPN B

'
1

¢

=13
(@]}



DMVEJOH UIF (MPCBM ($3./ $P
UFDIOJDBM BEWJTPST

GCRMN South Asia Capacity Building Framework

#VIMEJOH DBQBDJUZ UP BDIJFV
UIF GPDVT PG ($3./ 4" PWFS JUT
UBUJPOT USBJOJOH QJMPU N
BOE GPSNBM BOE JOGPSNBM O
UP UIF FTUBCMJTINFOU PG B SH

BOE TLIMMFE QFPQMF BDSPTT
BOE fiio

DBQBDJUZ CVIMEJOH GSBNFXP
WJEF UIF TLIMMT UP QSPEVDF
UP JOGPSN BOE JOnVFODF NBQ
DJTJPO NBLJOH mHVSF &8 PO C
JOUFSSFMBUFE SFRVIJSFNFOUT

£°E 17 TAAI>""""}E "veeA“>1"e"E ii"A

(PWFSONFOU BHFODJFT /(OT P
BMM CF SFTQPOTJCMF GPS QB3
TZTUFNT BOE JUT SBSFMZ B 1
VOEFSTUBOET BMM BTQFDUT P
TUBLFIPMEFST OFFE JOGPSNBU
EFDJTJPO NBLJOH QSPDFTTFT
EJ FSFOU GPSNBU UP IFMQ UIF
KFDWHRBFGPGPSEFS UP F FDUJ
GFSFOU TUBLFIPMEFS UIF GPM
PHOJTFE 8IP OFFET UP CF JOn
JT SFRVJSFE 8IBU JT UIF CFTU
UIF JOGPSNBUJPO F FDUJWFMZ

O°E O ¢ ""}E >«>V" IPEieE ce+iVIE>""
$PSBM SFFG NBOBHFNFOU QSF
DPNQMFY JTTVFT SFMBUJOH U
TZTUFN JUTFMG UIF EJWFSTJU
UIF JOTUJUVUJPOT HPWFSOJO
BCPVU FBDI MFWFM PG DPNQM
MZTFE BOE QSFTFOUFE JO B G
TJPO NBEEBGBISFOFUXPSL QBS|

NPSF UIBO 867 QFPQN
BOE /(0T XFSF JOWPMWFE JO #9
JOH XPSLTIPQT BOE mFME BDU

PSHIOBURMMDBOE*OPXMFEHF UP DP
UJPO UIBU F FDUJWFMZ SFQSFTFOU
DJBM BOE FDPOPNJD TUBUVT BOE U

VHBCPWE«GEPE/Y PABO® ETPIBTACFFO

[ MG GPB SNBR ZFG NB GROANMOU TZTUFN
PRECFIUOH BBXBBYF GFFG SIBOBIOAHST .
F M RPS UFSH O BWEB D B OBISE CIDWGHES N B U J
"HNBOBMFONFFIOXP BIMPE ODFFEJUBBSRBM™
UBR B MHPIPHV WFTUGFBRFMBWRO W36 VU J
1 FJO SPI$ NOBBUUMIFPSORBIMBETF+ ODUBWFMZ JO
QMBYPOOR NBPBHFMTFOWSBVMBOOJOH
J\\VJ3AU J AT BPSRPSLUNSFPRIKIFBRBFUB TZTU
SWBTCFFO NBWBMFEQFEEUBROBIWZTF N
BB P BIFFOFRXPE LS OHGDBINBDINE BRI D |
BEFMBOUP@VMBIQOJOMBBFOEBEEMFT F FLC
F YO GPBHMB UJROJOWPMWET GPVS

{°E "veeA“ "}E>""E “yOi"V "}E,iivE > >}i“i"]
$PSBM SFFG EFDJTJPO NBLFST SFC
S MBAVDB ME D PSINY O JRIJKFDNRIZVFT BOE E
S UTDBOIBIOB TG DPTSBE BPEB M BEFHLTE
"J O MWBFS FROUZ) PG LSIBFRIG PN\BFCSE HE IF NI FEDQUE J
5 SBRBHIOH JWI B SBTPH/B BPE EMKSFIGU
JPOYASP GWMMMI BGRISIBPMF JOGRBNE
BXIB W IFZGPGNBO JPOFBER WD RBMVEEDU  J
N WBBIPIOF W B UUPRJIS BIQXBA B PEMJITIOH
N NG PGSBENPEBBVEES "T B SFTVMU
MPE G® IS NNV BUUPP TOQF DS PD ESEE B 1S P85
/ FWOIF F E 381 BAJ) JIDBESABNBIII G FE UIF TL
JOGPG EBOH PP GFSPNEB/AD F)BOBHTEJTTFN
EUTFONUP BUSBEOHF PG EJ FSFOU VTF
TUSBUFHJD UJNFT JG UIFZ BSF UP F
= POBFENBOBHFRFOU QMBOOJOH BOE
TFOUT EFDJTJPO NBLFST XJUI
P UgddeFstanding lhisifnaffod N@&@U| UIF FDP
ZinReef Mapgenrepp MEFST VTJOH JU BOE
H 1WMBO®R DV EBFU JOKTP SNBQTPRUBUJ
FYJJOUH BNOVH B @B MY ®1 I DNMUFEIEB N8 GFBD P M F
P SO\ M LBUWS B ™ BDIPODFETITUIICPNOA TR EFVMO E .
) OFI8 V EQJORE TDUBBQBDP MEFS T EJ FSFOU
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Training in informing and influencing management and policy processes
Link information providers with end users
Promote the use of Informing & influencing strategies

$ "9 " .

Provide training and guidance in:
Ecological monitoring (survey
designs, dive training, taxonomy)
Socio-economic monitoring and reef
livelihood assessments
Data analysis & interpretation

Support pilot ecological monitoring
and reef livelihoods assessments at
demonstration sites

$ 1% !I" 1
" !

Facilitate networking among
institutions and people

Develop coral database in
consultations with all stakeholders
Establish national Coral Reef Fora
Communicate via website,
newsletter, other media

Distribute publications

Education and awareness raising in
local language

$

Through workshop and consultations, build understanding of:
Processes governing the management and use of coral reefs
Diversity of stakeholders in these processes and their information needs
Local and national institutions and decision structures relating to coral reefs
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UoeAzZe
HSBEVBMMZ FOIBODFE UIF QB S
JOGPSNBUJPO SFRVIJSFEFNFOU P
BOE UIF EFDJTJPO QSPDFTTFT

5P IFMQ VOEFSTUBOE UIF QPN
QFDUT PG DPSBM SFFG QMBAQ(
($3./ 4" DPNNJTTJPOFE OBUJP
DPVOUSZ $BUUFSNPVM FU BM
NBUJPO OFFET BOE JOTUJUVU.
QSPDFTTFT hF TUVEJFT DPOUL
SFOU QPMJDJFT BOE QPMJDZ J
PG SFFG FDPTZTUFNT BU UIF O
JJ EFTDSJQUJPO PG UIF JO
SPMFT UIBU BSF SFTQPOTJCMH
NFOUBUJPO PG QPMJDJFT MEFH
TPSUT PG EFDJTJPOT UIBU BSF
UJPOT BOE UIF UZQF BOE GPS
UIPTF JOTUJUVUJPOT UP QMBQ
SFMBUJPO UP SFFG FDPTZTUFN
NBUJPO TZTUFNT UIFTF JOTUJU
BOBMZTF VTF BOE EJTTFNJOB
HBQT JO UIF DVSSFOU TZTUFENT
JUZ BOE RVBOUJUZ JOGPSNBU
GPS VTF BOE UIF TLIJMMT BUU
NFOU TZTUFENT WJ 3FDPNNFO
TZTUENT NJHIU CF JNQSPWFE U
GVUVSF QIBTF PG ($3./ 4" *UJT
UBLF TINJMBS TUVEJFT JO PSE
MJTF NPOJUPSJOH F PSUT JO B

iPE iAAe~AE i>A"i"

*U JT FTTFOUJBM UIBU JOGP
NBLFST JT QSPWJEFE JO B G
DBO VUIJMJTF *NQMFNFOUJOH}
QSPDFTTFT JO UIF FBSMZ TUB
UJPO OFUXPSL XJMM QSPWJE
QMBOOJOH PUIFS JOJUJBUJW
NBOBHFNFOU JOGPSNBUJPO 1
EJTTFNJOBUJPO TUSBUFHJFT

“ed TPBVADITIPO NBLFST BSF JOnVFODF
ZPOE TDJFOUJmMmD FWJEFODF hFT
HPWFSONFOU QPMJDZ QPMJUJDBN

SUOPB $SEMVOEMSBSBOEJOH PG UIF

5 o OLBFHSIBUPB SFS 3 NBO BWHESFMH CP

HPVWPPOPOH D PBBO EB BTZ FUFANIIWF X

1 JUDPBIN B ZOTVOBEYSTRBBE JBOH PG

DOJBBEBWIEJSRADIMJIB D/ NBFIQBHMIOH U

OB MJJW N BPMF J® RBMIBHFNFOU QPMJ

iTTOSPEPFOUBGZIOLFXBFZFIOMPSBM DP

P O BAW  MBT0 © GO IF (B OFEWEF W BTVIPEC M F

3JOCID GEBR8QOPBBUFE JO BMSQPMJIDZ

DTUSYOIIF AUSPPBPBTHEMF NBOBHFNFOU

BUJPOBM BOE DPNNVOJUZ MEWEMT

T UBUildiNgL.Capaditito GleEt UIFJS TQFDJmD

@ Yse QaralBeeInformatidy JPO BOE JNQMF

JEMBBVPOFB® N RGPHKFREIU QIIF THFO L

NBERQCMFYIRTTH EBTFSFOIB UDOH JWR/ U IF

N PBTUEGEPBNEM® OUOF FEIMEF STJUZ PG

BOE JOQMFNVFOIPOTFHPWEROTQMK Ul

TB\CBPO/BHFRBD M FWRAM FPFRGIJDBNYSMFY JU

)VMZFOE BOE QFS HFCGOASBE B0 TBJ BPS N

URFJPIG NBGPSINBIFIPEB./ W" BFMJIJWFSF

JOPRVERIOH HVJIEBSBDE UI® G RWYIB MD P M

J PTP [EFRIBRO BN JDBMRGBIFUPSIBIH OFTT

JUVEFT BOE LOPXMFEHF UP JNQMF

EBWIRD VPO EPNERALIMMT BOE

P SRBUITIBYHUIE TRFD® MPEHTII BB BIJ R PIOR) U P ¢

SFOPNEFOPNE B FEY®WEES TVSWFZ EF

FXEPFEGSTPMWQ EBBREEJO PDEBJIW FMME DW F

HIMNGRBO GIFMMBBEOEIDZBOBFRPU NPOJUP

JO FBDI DPVOUSZ mMHVSF /i &NQIBT
UIF DPNNPO ($3./ TVSWFZ NFUIPE B(

SN&O BWO T8 B & J BRVEMB R JIOFDD PNRQB S J -

DS PBE BFOF EERMITIAO MBLFSMBCPVS

1 BVFQ VERZUPGEE FREBHMT® QIBWIFOBFFO J

HE YV PIGE EBFO\E- BIP D DX DO NRBORER B/ TF |

FIOMBRMSBTME 6 SENMRIPPSIDBERSMFENF

FINPODUBSJOKMMEWDIBORDFNFRBDUFI

(ZTYSNT £FBVFMAFQRE GEP SB\WEMBUJP O F

UPSJOH "DUJPO 1MBOT XJUI TUSBU
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JNQMFNFOUJOH SFFG NPOJUPS
XJUl HPWFSONFOU EFQBSUNFC(
IBWF CFFO JNQMFNFOUFE POM
MPHJDBM NPOJUPSJOH IBT CFF
BHFODJFT BU WBSZJOH MFWFM
DPMMBCPSBUJPO XJUI QSPHSB
3FFG %FHSBEBUJPO JO UIF *O
4*%" 4"3&$ XIJDI IBT TVQQPS

JOH JO UIF SFHJPO TJODF 06gg+ hF V
($3./ USBJOJOH TLJMMT BOE OFUXPSI
HIJPOBM QSPKFDUT JT B HPPE FYBNQM
DPTU F FDUJWF TIBSJOH PG DPNQFUF
4VQQPSU GPS FDPMPHJDBM NPOJUPSJ(
IBT BMTP CFFO QSPWJEFE CZ "VT"*% "
#BOL "%# BOE SFDFOUMZ UIF (MPCB
'‘BDIMJIUZ (&'

-eV ®iVe"®e“"VE B " 1eeA""}E
> iivE “Oie .. e E ARIAA“I"IA
4PDIJPFDPOPNJD SFFG NPOJUPSJOH PC
XJUl SFFGT SFQSFTFOUT B LFZ SFRVJS
JOH TUSBUFHJFT GPS TVTUBJOBCMF B«
BOE IBT CFFO B DPSF GPDVT PG ($3./ 4
($3./ 4PDIJPFDPOPNJD .POJUPBSUOH NBO
BMiiii X1JDI XBT QBSUMZ EFWFMPQFE
XPSLTIPQ BU ,BENBU *TMBOE *OEJB 4
Ec/iﬁgé \)FrFE BT BLFZ USBJOJOH SFTPVS
LEQR JQA%BSUJDJQBUPSZ NPOJUPSJOH
OB EBWEFWMPEONFOU PG QSPUPDPMT UB.
-AEIJPOT XIFSF IFME JO (VMG PG .BOOBS
MPXFE JO dijioniio CZ USBJOJOH BU EI

ECEA”V AA%).QEE BMEJWFT 4PVUI "OEB
é@oE%EEEQ«.T]I‘éBOET *OEJB &A NPOU
>V@EF>S}|U.B|lEFO CZ MPDBM HSPVQT GVOE

CITJUEVEXLESBE FDPMPHJIJDBM SFFG NPOJL
1S HEOMBIAE' ECSIOHIJOH UPHFUIFS NVM
AR oS _VTF BT CBTFMJOFT GPS MPO
>“E1}3A$dige%fcgsupsz NPOJUPSJOH XBT BM

OFTT BNPOH MPDBM TUBLFIPMEFST BOI

UJPO JO NBOBHFNFOU EFDJTJPO QSPI

(IBOEJ .BSJOF /BUJPOBM 1BSL 8BOEP:
JONB @ D'T BB DWEJ FGP S O DIPNOG M K UBQ JR@ P S |
UFDP® FBDD NPOOUBSIIOWDEBT UP TUJINV
Z \OBSW ME MRPEMIDBREVEDIRJFT JO GVU"
O HITHF BOEL B N ER PFSPRWAEIOANTFORG TJUF 1
T BFFGV B 018 ROIFDULZ RIG SPMVE-M PMB MV BCMF U |
NFO'VEBBUJ$SOBMBOEASBEBEMBEXFFQ TPD.
EJBRD POEBD LD\PXOEEHFE POZ USBEJUJPO
) F&E SPMVTUBOFP S PHORIQPSB UJPO T
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'JOEJOHT GSPN UIFTF TVSWF]
QBQFST BOE SFQPSUT PG XIJI
BOE EJTUSJCVUFE JO MPDBM
ATTo 4 JFOH BN i hF JOGPSNBUJ
VUFE UP UIF . JNQMFNF OXHH
-IJWFMJIJIPPETQ'SIPIKKAO N FROQW | P X
DPNNVOJUJFT CFOFmU GSPN S
BTTFTT UIPTF CFOFmU nPXT J(Q
IPPET SFQPSUFE JO A1PWF SRUM
BMAiio

*

iPE iAA™AE i>A"i"
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