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!
I&1*!?3(J#/2!K()6L!5(2!&-.#!%##5!?(**1%6#!K12&()2!2&#!9#5#3()*!*)??(32!(,!$-5M!
15L1.1L)-6*!-5L!(39-51N-21(5*E!!G#!K()6L!610#!2(!2&-50!F-55M!H&-362(5!-5L!
H3122#3*O"#$%#&B!2&#!L1.#!/(5/#**1(5#3!(,!"#$%#&!+#*(32B!,(3!/(5215)159!2(!
*?(5*(3!2&#!#5.13(5$#52-6!/(5*#3.-21(5!.(6)52##3!?3(93-$!-5L!&-%12-2!?3(J#/2*!15!
2&#!"#$%#&!>23-12E!!G#!K()6L!610#!2(!2&-50!H-2&#315#!PF1$?MQ!R-/(%*B!2&#!3#*1L#52!
$-315#!%1(6(91*2!-2!H3122#3*O"#$%#&B!,(3!&#3!/(66-%(3-21(5B!-5L!,31#5L*&1?!
2&3()9&()2!2&#!?3(J#/2E!!G#!K()6L!610#!2(!2&-50!2&#!L1.#!/#52#3!$-5-9#$#52B!S#331!
T159&-$!-5L!'#39#5!>?-6150B!-5L!2&#!3#*2!(,!2&#!(,,1/#!-5L!L1.#!/3#KB!,(3!2&#!,)5!%)2!
?3(,#**1(5-6!9)1L-5/#!-5L!*)??(32!2&3()9&()2!()3!*2-ME!!G#!K()6L!610#!2(!#U?3#**!
()3!-??3#/1-21(5!2(!V)166#3$(!PV1N$(Q!-5L!'#6#5!V($#N!-5L!-66!(,!2&#!"#$%#&!
+#*(32!*2-,,!,(3!2&#13!#U/#?21(5-6!*#3.1/#!-5L!?#3*(5-6!/-3#!L)3159!()3!$(52&!-K-M!
,3($!&($#E!!G#!K()6L!610#!2(!2&-50!D-M(!H6151/!F#?-32$#52!(,!:5#*2&#*1(6(9M!,(3!
?3(.1L159!')9&!K12&!2&#!?3(,#**1(5-6!6#-.#!-5L!(??(32)512M!2(!23-.#6!-5L!K(30!(5!
2&1*!?3(J#/2E!!W(3!#-/&!(,!)*!X')9&B!"1*-B!-5L!8-30#3YB!12!1*!5(2!-5!(.#3*2-2#$#52!2(!
*-M!2&-2!()3!21$#!15!Z5L(5#*1-!-5L!"#$%#&!+#*(32!3#?3#*#52!(5#!(,!2&#!$(*2!
3#K-3L159!-5L!$#$(3-%6#!#U?#31#5/#*!15!()3!61.#*E!!I&-50!M()!2(!-66!,(3!&#6?159!)*!
$-0#!2&1*!&-??#5E!!Terima Kasih Berbanyak-Banyak!!
!



!
!
./)0/1)'2!
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Z5!C@@[B!"#$%#&!+#*(32!X"#$%#&!Z*6-5LB!\(32&!>)6-K#*1B!Z5L(5#*1-Y!15121-2#L!
-!&()*#!3##,!3#*2(3-21(5!?3(J#/2!2(!3#&-%1612-2#!L-$-9#L!3##,*!15!,3(52!(,!2&#!3#*(32!
-5L! 5#19&%(3159! .166-9#*E! ! :! /($%15-21(5! (,! #5.13(5$#52-6! -5L! -52&3(?(9#51/!
,-/2(3*B!15/6)L159!*#L1$#52-21(5B!L#*23)/21.#!,1*&159!?3-/21/#*B!*2(3$*B!?(66)21(5B!-5L!
L1.#3! 1$?-/2! &-L! /(5J(15#L! 2(! L#/3#-*#! 2&#! %1($-**! -5L! &#-62&! (,! 2&#! 3##,!
#/(*M*2#$E! ! Z5!-LL121(5! 2(!#*2-%61*&159! 2&#!&()*#!3##,!-*!-!])-*1=$-315#!?3(2#/2#L!
-3#-! XD8:YB!K&1/&! 61$12#L! ,1*&159! 15! 2&#! 1$$#L1-2#! .1/1512MB! -!5)$%#3!(,! -321,1/1-6!
&-%12-2*! 05(K5! -*! +##,! T-66*! K#3#! -6*(! ?6-/#L! -2! 2&-2! 21$#! 2(! ?3(.1L#! &-%12-2! ,(3!
$-315#!*?#/1#*E!!Z5!C@@^B!K&#5!2&#!"#$%#&!+#*(32!L1.#!(?#3-21(5*!/-$#!)5L#3!5#K!
$-5-9#$#52B! +,-..),/01)23)4B! -! $-315#! /(5*#3.-21(5! .(6)52##3! ?3(93-$! K-*!
1$?6#$#52#L! #5-%6159! 15L1.1L)-6*! 2(! L#.#6(?! -5L! /($?6#2#! 3##,! 3#*#-3/&! -5L!
3#&-%1612-21(5!?3(J#/2*!)5L#3!2&#!L13#/21(5!(,!2&#!3#*1L#52!$-315#!%1(6(91*2!-5L!L1.#!
/#52#3! *2-,,E! ! >)%*#])#526MB! -!.-31#2M!(,!?3(J#/2*!&-.#! 6#L! 2(!5#K!-321,1/1-6!&-%12-2*!
?6-/#L!-2!.-31()*!L#?2&*!-5L!6(/-21(5*!2&3()9&()2!2&#!'()*#!+##,E!!X>##!I-%6#!;Y!

Z5!C@;@B! (5#!.(6)52##3! /($?6#2#L!-! 3#*#-3/&!?3(J#/2! #U-$15159!?(?)6-21(5!
-5L!%1(L1.#3*12M!-**#**$#52*!(,!2&#!L1,,#3#52!2M?#*!(,!-321,1/1-6!3##,!&-%12-2*E;!!T-*#L!
)?(5! 2&#*#! -5-6M*#*B! -5L! (%*#3.-21(5*! %M! 2&#! L1.#! /#52#3_*! 3#*1L#52! $-315#!
%1(6(91*2CB!K#!X'D>!`!"G>Y!?3(?(*#L!-!5#K!&-%12-2!L#*195!2(!%#!/(5*23)/2#L!,3($!
6(/-66M!,()5L!6-.-!3(/0*E!!Z5!/($?-31*(5!K12&!/(5/3#2#!(3!$#2-661/!*)3,-/#*!(,!(2&#3!
-321,1/1-6! &-%12-2*B! 12! 1*! *)3$1*#L! 2&-2! 2&#!?(3()*B! 3()9&! *)3,-/#*!(,! 6-.-! 3(/0*!K166!
%#22#3! ,-/1612-2#! /(6(51N-21(5!%M! /(3-6! 6-3.-#!-5L!(2&#3! *#**16#! *?#/1#*E! !:!?3#.1()*!
-**#**$#52! (,! /(3-6! *)3.1.-6! (5! /(5/3#2#! 15*2-66-21(5*! XW1*&! '()*#*Y! ,()5L!
23-5*?6-52#L! $(32-612M! 3-2#*! 5#-36M! a@bB! *)??(32159! 2&#! (%*#3.-21(5! 2&-2! 2&#!
*)%*23-2#!-5L!*)3,-/#!(,!&-%12-2*!$-M!?6-M!-5! 1$?(32-52! 3(6#! 15!/(3-6! /(6(51N-21(5!
-5L!&#-62&E[!

Z5! -LL121(5B! 2&#! 5#K! &-%12-2! L#*195! 15/(3?(3-2#*! *23)/2)3-6! (3! 9#($#231/!
/($?6#U12MB!2&#3#%M!/3#-2159!-!K1L#!.-31#2M!(,!&(6#*!-5L!*$-66!*?-/#*!2&-2!/-5!*#3.#!
-*! -! ?3(2#/21.#! #5.13(5$#52! ,(3! -5! -33-M! (,! .#32#%3-2#! -5L! 15.#32#%3-2#! *?#/1#*E!!
I&#!?3#*#52! 3#?(32!()2615#*! 2&#!3-21(5-6#B!L#*195B! /(5*23)/21(5!-5L!#.-6)-21(5!(,!-!
6-.-! 3(/0! &-%12-2! ?3(J#/2! K12&15! 2&#! +,-..),/01)23)4! 45.13(5$#52-6! 7(6)52##3!
83(93-$E! ! T#/-)*#! (,! 2&#13! *&-?#! -5L! /(5*23)/21(5B! 2&#*#! &-%12-2*! &-.#!
#)?&#$1*21/-66M!%#/($#!05(K5!-*!!"#$%&"'(##)*E!
!
!
!
!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
;!F()9&#32MB!"M5L*-ME!!Population, Species and Family Analysis of Artificial Reef Structures.  An 
C!H-2&#315#!PF1$?MQ!R-/(%*!
[!Bondarenko, Olga. House Reef Report, Lembeh Resort, July-August 2008.!



34#$+0&5%*2!
>15/#!C@@[B!-!.-31#2M!(,!-321,1/1-6!3##,!&-%12-2*c!&-.#!%##5!15*2-66#L!-2!.-31()*!L#?2&*!
-5L! 6(/-21(5*! 2&3()9&()2! 2&#!&()*#! 3##,! -5L!(5! 2&#! 3##,! 15! ,3(52!(,! -!5#19&%(3159!
.166-9#E<!XI-%6#!;Y!
!
647()!8!
 Structure  Date of Installation Primary Goal 
 Reef Balls   May 2003    Biodiversity habitat 
 Fish Houses  April-June 2003   Biodiversity habitat 
 Biorock   Dec 2007    Coral/Sponge re-colonization 
 Fish Houses  Jan 2006 – June 2007  Biodiversity habitat 
 Wreck   Dec 2007    Biodiversity habitat  
 Fish Net   Jul 2009    Biodiversity habitat 
 Concrete Blocks  Oct 2009    Biodiversity habitat 
 Drum Ladder   July 2010    Biodiversity habitat 
 Reef Builder Blocks May-June 2011   Marine research habitat   
 Bottle City   July 2011    Cephalopod habitat 
!!
://(3L159!2(!-!3#/#52!3#?(32!XF()9&#32M!C@;@Y!(5!?(?)6-21(5!5)$%#3*!-5L!*?#/1#*!
%1(L1.#3*12MB!#.#3M!-321,1/1-6!*23)/2)3#!(5!2&#!&()*#!3##,B!-62&()9&!*($#!$(3#!2&-5!
(2&#3*B!$-5-9#L!2(!2-0#!(5!23-5*?6-52#L!/(3-6*!-5L!#U?#31#5/#!6#.#6*!(,!?(?)6-21(5B!
*?#/1#*B! -5L! ,-$16M! L1.#3*12M! 2&-2! K#3#! ?3#.1()*6M! -%*#52! 15! 2&#! -3#-E! ! G&16#!
L1,,#3#5/#*!#U1*2!-$(59!&-%12-2! 6(/-21(5*B! 2&#!#5.13(5$#52-6! ,-/2(3*! 1$?-/2159! 2&#!
#5213#! 3##,! X*#-*(5B! K#-2&#3B! *#L1$#52B! ?(66)21(5B! 21L-6! /)33#52*B! 5)231#52*B! K-2#3!
])-612MY! -3#! 610#6M! 2(! ?3(L)/#! 3#6-21.#6M! *1$16-3! /(5L121(5*! ,(3! 93(K2&! 2&3()9&()2!
2&#!1$$#L1-2#!&()*#!3##,!.1/1512ME!!'(K#.#3B!1$?(32-52!,#-2)3#*!2&()9&2!2(!#U?6-15!
2&#! *)//#**! (,! /#32-15! &-%12-2! L#*195*! 15/6)L#L! ?3(U1$12M! 2(! 5-21.#! 3##,B! L#?2&B!
152#35-6!.(6)$#B!*)3,-/#!-3#-B!-5L!*23)/2)3-6!*)3,-/#!-3#-E! ! Z2!K-*!L#2#3$15#L! 2&-2!
2&#! W1*&! '()*#*! -5L! T1(3(/0! *23)/2)3#*! K#3#! 2&#! $(*2! *)//#**,)6! &-%12-2*! %M!
.(6)$#231/!/($?-31*(5EA!!:5!-LL121(5-6!,-/2(3!5(2!#.-6)-2#L!15!2&1*!?3#.1()*!3#?(32!
1*!2&#!-$()52!(,!K-2#3!/13/)6-21(5!2&3()9&!2&#*#!*23)/2)3#*E!!Z5!/($?-31*(5!2(!*(61L!
.(6)$#!&-%12-2!L#*195*!XH(5/3#2#!%6(/0*B!+##,!T)16L#3!%6(/0*B!F3)$!6-LL#3Y!K-2#3!1*!
-66(K#L! 2(! ,3##6M! $(.#! 2&3()9&! W1*&! '()*#*! -5L! T1(3(/0! *23)/2)3#*E! ! I&1*!
$(.#$#52!(,!K-2#3!/-5!?3(L)/#!3#9)6-3!3#=*)*?#5*1(5!(,!*#L1$#52!-5L!%#!.12-6!2(!
,162#3!,##L159!(39-51*$*E!!I&#!1$?(32-5/#!(,!2&#*#!,-/2(3*B!-*!#*2-%61*&#L!%M!?3#.1()*!
L-2-! /(66#/21(5! -5L! -5-6M*#*B! *&()6L! 5(2! %#! 195(3#L! 15! /(5*1L#3159! 2&#! L#*195! (,!
,)2)3#!&-%12-2*E!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
c!W(3!-LL121(5-6!L#2-16!(5!15L1.1L)-6!&-%12-2!*23)/2)3#*B!*##!
KKKE6#$%#&3#*(32E/($d&()*#e3##,e$)/0e*/)%-eL1.159e6#$%#&e*23-12e5(32&e*)6-K#*1eL1.#*e&f%CcE
&2$6!
!
<!Z5!C@;;B!*#.#3-6!3##,!%)16L#3!%6(/0*!K#3#!15*2-66#L!-2!2&#!8152)!H(6-L-!L1.#!*12#!15!,3(52!(,!2&#!8152)!
S(2-!S#/16!.166-9#E!
A!>##!W19)3#*!cE;!-5L!cEcB!F()9&#32MB!"M5L*-ME!!Population, Species and Family Analysis of Artificial 
Reef Structures.  An Independent Research Paper, August, 2010!



9471-4-!:);1+%!
IK(! 1$?(32-52! L#*195! /(5*1L#3-21(5*! 15/6)L#! -Y! *23)/2)3-6! /($?6#U12M! -5L! %Y! 2&#!
)*#! (,! -! 5-2)3-66M! (//)33159! *)%*23-2#! K12&! 3()9&B! 133#9)6-3! *)3,-/#*E! ! :321,1/1-6!
&-%12-2!*2)L1#*!&-.#!L#$(5*23-2#L!2&-2!*23)/2)3-6!/($?6#U12M!?3(.1L#*!?3(2#/21(5!2(!
J).#516#*! -5L! *$-66#3! *?#/1#*! ,3($! ?3#L-21(5! 2&#3#%M! 15/3#-*159! ?(?)6-21(5!
L1.#3*12M!-5L!-%)5L-5/#E^=a!>?#/1,1/-66MB! 2&#! P61$12#L!*&#62#3!&M?(2&#*1*Q!$-152-15*!
2&-2!2&#!?(?)6-21(5*!-!3##,!/-5!*)??(32!-3#!219&26M!/(33#6-2#L!K12&!2&#!-.-16-%1612M!(,!
3#,)9#!&-%12-2E!!I&)*!*23)/2)3#*!K12&!$-5M!&(6#*!-5L!/3#.1/#*!?3(.1L#!*&#62#3!,3($!
?1*/1.(3()*! ,1*&! -5L! /-5! 1$?-/2! 3#/3)12$#52! -5L! ?(?)6-21(5! 93(K2&E! ! >#/(5L6MB!
&-%12-2!/(5*23)/21(5!1*!,-/1612-2#L!%M!2&#!)*#!(,!6(/-66M!-.-16-%6#B!5-2)3-66M!(//)33159!
$-2#31-6*E!!T)2!3#9-3L6#**!(,!12*!(31915B!2&#!&-%12-2!*)%*23-2#!*&()6L!?(**#**!-!3()9&!
-5L! 133#9)6-3! *)3,-/#B! 3#5L#3159! 12! /-?-%6#! (,! 5-2)3-6! /(6(51N-21(5! %M! *#**16#!
(39-51*$*! *)/&! -*! /(3-6*B! *?(59#*B! 2)51/-2#*! #2/E! ! :321,1/1-6! 3##,! %)16L#3*! &-.#!
6#-35#L! ,3($! ?31(3! #U?#31#5/#! 2&-2! 5(2! -66! *)%*23-2#*! *)??(32! 93(K2&Ef!! :! 3()9&B!
133#9)6-3!*)3,-/#!/6(*#6M!-??3(U1$-2#*!-!5-2)3-6! /(3-6! 3##,! -5L!-66(K*!/(3-6! 6-3.-#!
-5L! (2&#3! *#**16#! (39-51*$*! 23-5*?(32#L! %M! K-2#3! $(.#$#52*! 2&#! (??(32)512M! 2(!
-L&#3#!-5L!/(6(51N#!2&#!*23)/2)3#E!
g2&#3!/(5*1L#3-21(5*!,(3!2&#!&-%12-2!15/6)L#h!
! !

;E F#?2&h! ! V1.#5! 2&#! -.-16-%6#! 619&2! 6#.#6*! -5L! *#L1$#52-21(5!
/&-3-/2#31*21/*! (,! 2&#! &()*#! 3##,B! /(3-6*! &-.#! %##5! ,()5L! 2(! 2&31.#!
(?21$-66M! (5! (2&#3! -321,1/1-6! &-%12-2*! -2! L#?2&*! 15! 2&#! A=;@! $#2#3!
3-59#E!!
!

CE >)%*23-2#! D-2#31-6h! ! "-.-! 3(/0;@!X195#()*! 3(/0! (,! .(6/-51/! (31915=
%-*-62B! $-,1/B! ,15#! 93-15#LY! K-*! *#6#/2#L! ,(3! 12*! 3()9&! 133#9)6-3!
*)3,-/#*B! -.-16-%1612MB! -5L! ?(2#521-6! ,(3! *23)/2)3-6! /($?6#U12M! -5L!
*2-%1612ME!!"-.-!3(/0!1*!-6*(!2&#!(31915!(,!2&#!%6-/0!*-5L!/($?(*121(5!(,!
$-5M! (,! 2&#! "#$%#&! >23-12! L1.#! *12#*! 2&-2! *)??(32! 31/&! $-315#!
%1(L1.#3*12ME!
!

[E V#($#23Mh!!:!?M3-$1L!*&-?#!K-*!*#6#/2#L!,(3!?3-/21/-6!/(5*1L#3-21(5*!
15/6)L159!#-*#!(,! /(5*23)/21(5!-5L! *23)/2)3-6! *2-%1612ME! !I&#!?M3-$1L!
*&-?#! (?21$1N#*! %(2&! *)3,-/#! *)%*23-2#! -3#-B! ,(3! *#**16#! (39-51*$!
93(K2&B! -*! K#66! -*! /($?6#U! 152#35-6! .(6)$#B! 2(! /3#-2#! ?3(2#/21.#!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
^!I-M6(3B!SE!#2!-6E!!I&#!Z5,6)#5/#!(,!>)%*23-2#!H($?(*121(5!-5L!'-%12-2!H($?6#U12M!(5!:321,1/1-6!+##,!
H($$)5121#*E!!+"#523-%'6&7),8,%75%.)'9$-)&$)':"5,&%#B!R)6M![B!C@@^E!
a!H&-3%(55#6B!431/!#2!-6E!!4,,#/2*!(,!Z5/3#-*#L!&-%12-2!/($?6#U12M!(5!,1*&!-**#$%6-9#*!-**(/1-2#L!K12&!
6-39#!-321,1/1-6!3##,!)512*E!!:"5,&%#'";'<%,-&)'9$-)&$)B!R-5)-3MB!C@@CE!!!
f!See Osborne Reef Waste Tire Removal Project, Broward County Florida!
http://www.underwatertimes.com/news.php?article_id=36210951740.  A 40 million dollar 
collaborative clean up project was undertaken by the EPA, NOAA, and US Navy Salvage Divers to 
retrieve rubber tires that were used as to create the Osborne artificial reef after it was discovered 
that tires did not support coral growth.!
;@!W1/&2#3B!RE>E!Z523(L)/21(5!2(!Z595#()*!+(/0*B!
&22?hdd/*$3#*EJ$)E#L)d9#(66-%d,1/&2#3dZ95+UdZ523(193UE&2$6B!!C@@@E!



&-%12-2! ,(3! *$-66! -5L! J).#516#! *?#/1#*E! ! >23)/2)3-6! /($?6#U12M! -6*(!
-66(K*! K-2#3! /13/)6-21(5! K&1/&! $-M! 3#=*)*?#5L! *#L1$#52! -5L! %#!
&#-62&1#3!,(3!,162#3=,##L159!(39-51*$*E!
!

cE 4U?#31$#52-6! F#*195h! G&16#! 5(2! 152#5L#L! -*! -! ,(3$-6! */1#521,1/!
#U?#31$#52B!2K(!(,!2&#!,1.#!-321,1/1-6!&-%12-2*!K166!%#!/(5*23)/2#L!)*159!
*$-66=3(/0! /(5*23)/21(5! (3! 6-39#=3(/0! /(5*23)/21(5E! ! I&#! ?)3?(*#! (,!
2#*2159!L1,,#3#52!L#*195*!1*!2(!L#2#3$15#!K&#2&#3!3(/0!*1N#!15,6)#5/#*!
&-%12-2!*)//#**!(3!*?#/1#*!3#/3)12$#52E!
!

<E "(/-21(5h!!+#6-21.#6M!,6-2B!%-33#5!-3#-*!(,!2&#!&()*#!3##,!K166!%#!/&(*#5!
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