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DLPHG WR LQYHVWLJDWH FRQQHFWLYLW\ RI �VKHULHV UHVRXUFH XWLOL]DWLRQ SDWWHUQ E\ ORFDO

FRPPXQLW\ WRZDUG VSHFLHV FRPSRVLWLRQ DQG GLVWULEXWLRQ RI VHDJUDVV� 'DWD LQ WKLV

VWXG\ FRPSULVHG SULPDU\ DQG VHFRQGDU\ GDWD� &ROOHFWLQJ SULPDU\ GDWD ZDV XVHG

VWUXFWXUHG TXHVWLRQQDLUHV WR ORFDO SHRSOH� 5HVSRQGHQWV ZHUH FKRRVHQ E\ VLPSOH

UDQGRP VDPSOLQJ� 'DWD RI VSHFLHV FRPSRVLWLRQ DQG VSHFLHV GLVWULEXWLRQ ZHUH GRQH E\

UDQGRPO\ VWUXFWXUHG PHWKRG XVLQJ TXDGUDWLF WUDQVHFW RQ WKUHH REVHUYDWLRQ VWDWLRQ�

6HDJUDVV HFRV\VWHP RQ 7REDWL DQG (QJJURV , VWDWLRQ FRPSRVHG E\ SLRQHHU VSHFLHV

�+DORSKLOD RYDOLV DQG +DORSKLOD PLQRU� DQG FOLPD[ VSHFLHV �(QKDOXV DFRURLGHV GDQ

7KDODVVLD KHPSULFKLL�� ZKLOH WKDW RI LQ (QJJURV ,, VWDWLRQ FRQVLVWHG RQO\ E\ FOLPD[

VSHFLHV� 8WLOL]DWLRQ W\SH E\ ORFDO FRPPXQLW\ FRPSULVHG �VKLQJ� FROOHFWLQJ VKHOO�VK�

FXFXPEHUV FROOHFWLQJ� DQG FUDE FROOHFWLQJ� 7REDWL DQG (QJJURV , KDG D KLJKHU SHUFHQWDJH

LQ XWLOL]LQJ �VKHULHV UHVRXUFH �DERXW �� � ����� WKDQ (QJJURV ,, �DSSUR[LPDWHO\ �����

$ KLJKHU SHUFHQWDJH RI XWLOL]DWLRQ E\ ORFDO SHRSOH UHODWHG FORVHO\ WR SRWHQWLDO RI

VHDJUDVV HFRV\VWHP WKDW JDYH HQYLURQPHQW VHUYLFHV DV KDELWDW IRU DVVRFLDWLRQ RI

ELRWD�

.H\ZRUGV� 7REDWL� (QJJURV� 8WLOL]DWLRQ RI FRPPXQLW\� VHDJUDVV SRWHQF\

�� ,QWURGXFWLRQ

<RXWHID FRPPXQLW\ LV FRDVWDO FRPPXQLW\ ZKR OLYHV WRJHWKHU LQ <RXWHID ED\ DQG IXO�OOV

WKHLU QHHGV IURP UHVRXUFHV LQ WKLV ED\ DUHD� 7KLV FRPPXQLW\ KDV VRFLR�HFRQRPLFDOO\

FKDUDFWHULVWLFV UHODWLQJ WR HFRQRPLF UHVRXUFH FRPLQJ IURP VHD DUHD �3ULDQWR� ������

DQG OLNHZLVH� OLYHOLKRRG W\SHV WKDW XWLOL]H QDWXUDO UHVRXUFH DQG HQYLURQPHQWDO VHUYLFHV

DYDLODELOLW\ LQ ED\ DUHD� 7KH PRVW OLYHOLKRRG RI ORFDO SHRSOH LQ <RXWHID ED\ LV �VKHUPDQ�

&RDVWDO SHRSOH GRPLQDWHG E\ �VKHULHV EXVLQHVV PRVWO\ VWLOO H[LVW RQ SRYHUW\ OLQH� 7KH\

KDYH QR DOWHUQDWLYH OLYHOLKRRG� ORZHU OHYHO RI HGXFDWLRQ� DQG DUH XQDZDUH WR QDWXUDO

UHVRXUFH DV ZHOO DV HQYLURQPHQW VXVWDLQDELOLW\ �/HZDKHULOOD� ������ 1DWXUDO HQYLURQ�

PHQW VXUURXQGLQJV SHRSOH ZLOO IRUP WKHLU FKDUDFWHULVWLF DQG EHKDYLRU� 3K\VLFV DQG

ELRORJ\ HQYLURQPHQW LQ�XHQFH VRFLDO LQWHUDFWLRQ� VRFLDO UROH GLVWULEXWLRQ� FKDUDFWHULVWLFV

RI YDOXH� VRFLDO QRUP� DWWLWXGH� DQG SHUFHSWLRQ WKDW LQVWLWXWLRQDOL]H LQ FRPPXQLW\� ,W LV

DOVR DGGHG WKDW HQYLURQPHQWDO FKDQJH FRXOG DOWHU IDPLO\ FRQFHSW 8VPDQ ������� /RZHU

OLIH TXDOLW\ RI �VKHUPHQ FRPPXQLW\ �JXUHG LQ SRYHUW\ SUR�OH LV YHU\ FRUUHVSRQGLQJ WR

+RZ WR FLWH WKLV DUWLFOH� 6HOYL 7HEDL\� 
&RQQHFWLYLW\ 3DWWHUQ RI 6RFLR�(FRORJ\ 6\VWHP RI <RXWHID %D\ &RPPXQLW\ LQ
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LQWHUQDO DQG H[WHUQDO IDFWRU LQ FRPPXQLW\� ,QWHUQDO IDFWRUV FRXOG EH DV IROORZLQJ� KLJK

SRSXODWLRQ JURZWK UDWH� ODFNLQJ EROGQHVV WR WDNH ULVN� DQG VDWLV�HG� 2Q WKH FRQWUDU\�

H[WHUQDO IDFWRU LV SURGXFWLRQ HOHPHQW LPSDFWHG E\ FDSLWDOLVWV RU ERDW RZQHUV �.XVQDQGL�

������ 1DWXUDO ULFKQHVV RQ PDULQH UHVRXUFH VHFWRU JHQHUDOO\ JLYHV D SRVLWLYH LPSDFW IRU

FRDVWDO FRPPXQLW\ SDUWLFXODUO\ �VKHUPHQ LQ <RXWHID ED\� )LVKHULHV UHVRXUFH DFWXDOO\

FRXOG EH XWLOL]HG SRWHQWLDOO\ IRU HQKDQFLQJ OLYLQJ VWDQGDUG DQG ZHOIDUH RI ORFDO FRPPX�

QLW\� ,Q IDFW� PRVW SHRSOH DUH DOLYH LQ D QRQ�EHWWHU HFRQRPLF FRQGLWLRQ EHFDXVH WKH\

FDQQRW LQFUHDVH WKHLU FDWFKLQJ SURGXFW DV UHVXOW WKHLU LQFRPH GRHV QRW HVFDODWH� :HOIDUH

OHYHO RI �VKHUPHQ LV JUHDWO\ LQ�XHQFHG E\ WKHLU FDWFKLQJ �VK� ,I WKHLU �VK FDWFKPHQW LV

EHWWHU� WKHLU LQFRPH ZLOO EH EHWWHU� DQG YLFH YHUVD�

6HDJUDVV HFRV\VWHP SURYLGHV EHQH�WV E\ JHQHUDWLQJ JRRGV DQG VHUYLFHV WKDW PLJKW

EH FRQVXPHG GLUHFWO\ DV ZHOO DV LQGLUHFWO\� 2Q VHDJUDVV KDELWDW� WKHUH DUH VRPH IDP�

LOLHV RI FRPPHUFLDO �VK DV �VKHULHV SURGXFW FRQWULEXWRU� DV IROORZV 6HUUDQLGDH� 6LQ�

JDQLGDH� 6FDULGDH� /HWKULQLGDH GDQ /XWMDQLGDH� 6RPH RWKHU LPSRUWDQW ELRWDV DUH FXWWOH�

�VK �6HSLD� 6HSLDWHXWKLV�� VHD XUFKLQ �'LDGHPD� 7ULSQHXWHV�� VKHOO�VK �7URFKXV QLORWLFXV��

RFWRSXV �RFWRSXV�� JLDQW FODP �7ULGDFQD� +LSSRXV�� FXFXPEHUV �+RORWKXULD�� EORRG FODP

�$QDGDUD� DQG VR RQ� 6HDJUDVV HFRV\VWHP SOD\V HFRORJLFDOO\ UROHV IRU VXVWDLQLQJ �VK

UHVRXUFH DV QXUVHU\ JRXQG� VSDZQLQJ JURXQG� DQG IHHGLQJ JURXQG �.LNXFKL� ���� LQ '.3

������ 'XH WR ZLGH GLVWULEXWLRQ RI VHDJUDVV HFRV\VWHP PRVWO\ LQ ,QGRQHVLD ZDWHUV DQG

LWV LPSRUWDQW UROH LQ FRDVWDO DUHD� VHDJUDVV HFRV\VWHP EHFRPHV DQ REMHFW RI WDUJHWHG

ZDWHUV FRQVHUYDWLRQ �'.3� ������

5HVXOW RI &LWUD /DQGVDW 70 DQDO\VLV VKRZHG WKDW VHDJUDVV LQ <RXWHID ED\ LQ ����

FRYHUHG ������ KD DQG LQ ���� ZLGH DUHD RI VHDJUDVV FRYHU GHFUHDVHG WR ������ KD�

'HFUHDVLQJ VHDJUDVV FRYHU GXULQJ �� \HDUV UHDFKHG ������ZLWK GHFUHDVH UDWH DVPDQ\

DV �� HDFK \HDU �7HEDL\� ������ 3UHYLRXV VWXG\ GRQH E\ 8QLSD ������ IRXQG � VSHFLHV

RI VHDJUDVV DQG IROORZLQJ VWXG\ FRQGXFWHG E\ 7HEDL\ ������ RQO\ IRXQG � VSHFLHV

RI VHDJUDVV GLVWULEXWLQJ LQ <RXWHID ED\� &RPPXQLW\ LQ <RXWHID ED\ XWLOL]HV �VKHULHV

UHVRXUFHV ��VK DQG DVVRFLDWHG ELRWDV� LQ VHDJUDVV HFRV\VWHP� DV NQRZQ IDV LQ (QJJURV

ODQJXDJH� /RFDO SHRSOH LQ <RXWHID ED\ XWLOL]H VHDJUDVV KDELWDW DV SODFH IRU FDWFKLQJ

�VK� VKHOO�VK� FUDE� DQG FXFXPEHUV� 7KH\ XQGHUVWDQG WKDW VHDJUDVV RU NQRZV DV IDV LQ

(QJJURV ODQJXDJH LV D KRPH IRU �VKHV� 3DWWHUQ RI XWLOL]LQJ UHVRXUFH H[LVWV RQ WUDGLWLRQDO

FDWHJRU\ �7HEDL\� ������ 7KLV SDWWHUQ LV YHU\ VLPSOH DQG WUDGLWLRQDO ZKLFK FDQ EH VHHQ

DV IROORZV FDWFKLQJ JHDUV� WLPH XVHG IRU �VKLQJ� DQG SURFHVVLQJ SURGXFW� 8WLOL]LQJ WKLV

UHVRXUFH LV GRQH E\ ZRPHQ LQ <RXWHID ED\� 5HYHUVHO\ PHQ FDWFK �VK E\ QHWWLQJ LQ WKH

IDU DUHD IURP YLOODJH� 6KDULQJ WDVN LQ XWLOL]LQJ �VKHULHV UHVRXUFH LQ <RXWHID ED\ FDQ EH

FOHDUO\ VHHQ LQ VWUXFWXUH �7HEDL\� ������

%DVLFDOO\ LQ HDFK FRPPXQLW\ HYHQ LQFOXGLQJ WUDGLWLRQDO FRPPXQLW\� WKHUH LV D SURFHVV

IRU EHLQJ VPDUW DQG NQRZOHGJHDEOH� 7KLV UHODWHV WR D GHVLUH WR PDLQWDLQ DQG WR FRQ�

WLQXH OLIH� WKHUHE\ ORFDO FRPPXQLW\ ZLOO VSRQWDQHRXVO\ WKLQN ZD\V IRU GRLQJ RU FUHDWLQJ

VRPHWKLQJ LQFOXGLQJ WKH VWHSV IRU PDNLQJ IRRG� WKH ZD\ IRU PDNLQJ WRROV QHHGHG WR

PDQDJH QDWXUDO UHVRXUFH IRU VXVWDLQDELOLW\� ,QWHUDFWLRQ EHWZHHQ FRPPXQLW\ LQ <RXWHID

'2, ���������NVV�Y�L����� 3DJH ��



,&6%3 &RQIHUHQFH 3URFHHGLQJV

)LJXUH �� 6WXG\ VLWHV�

ED\ DQG VHDJUDVV UHVRXUFH DV FDWFKLQJ VLWH OHDGV WR LQWHUGHSHQGHQFH� 'HFUHDVLQJ VHD�

JUDVV FRYHU DIIHFWV WR DVVRFLDWHG ELRWD LQVLGH DQG DOVR LPSDFWV WR LQWHUDFWLRQ EHWZHHQ

VRFLDO DQG HQYLURQPHQWDO VHUYLFHV SURYLGLQJ E\ VHDJUDVV HFRV\VWHP�

7KLV QHHGV WR LQYHVWLJDWH SRWHQWLDO RI VHDJUDVV HFRV\VWHP LQ WHUPV RI

VRFLR�HFRORJLFDO VWXG\� DV IROORZV� �� WR NQRZ VSHFLHV FRPSRVLWLRQ DQG GLVWULEXWLRQ RI

VHDJUDVV H[LVWLQJ LQ <RXWHID ED\ ZDWHUV� �� WR NQRZ XWLOL]DWLRQ W\SH E\ ORFDO FRPPXQLW\

RQ VHDJUDVV HFRV\VWHP� DQG �� 5HODWLRQVKLS EHWZHHQ VSHFLHV GLVWULEXWLRQ DQG OHYHO RI

XWLOL]DWLRQ E\ ORFDO FRPPXQLW\ WR VHDJUDVV HFRV\VWHP

�� 0HWKRGV

���� 6LWH DQG 7LPH 6WXG\

7KLV VWXG\ ZDV FRQGXFWHG RQ $XJXVW ���� LQ <RXWHID ED\� -D\DSXUD 3DSXD� 2EVHUYDWLRQ

VLWH FRPSULVHG � VLWHV� 7REDWL� (QJJURV ,� DQG (QJJURV ,,� 7REDWL ZDWHUV JHRJUDSKLFDOO\

ORFDWHG RQ EHWZHHQ ��1 ��� ����� � 6 DQG ��1 ���� ����� 
 (� (QJJURV , ZDWHUV ZDV

EHWZHHQ ��1 ��� ������6 DQG ���1��� �����
 (� DQG (QJJURV ,, ZDWHUV ZDV EHWZHHQ ��1

��� ������6 DQG ���1 ��� ����� 
 (� DV FDQ EH VHHQ RQ )LJXUH �� 2EMHFW RI VWXG\ ZDV

VHDJUDVV HFRV\VWHP�

���� 6WXG\ $SSURDFK

7KLV VWXG\ FRPSULVHG VHDJUDVV SRWHQWLDO VWXG\ �VSHFLHV FRPSRVLWLRQ DQG GHQVLW\ RI

VHDJUDVV� DQG VRFLDO VWXG\ �SDWWHUQ RI VHDJUDVV XVH E\ ORFDO FRPPXQLW\�� 7KH WZR

PHQWLRQHG VWXGLHV ZHUH LQWHU�FRUUHVSRQGLQJ WRZDUG H[LVWHQFH RI VHDJUDVV UHVRXUFH LQ

<RXWHID ED\� 7KLV VWXG\ ZDV DQ H[SORUDWLYH VWXG\� ZKLFK FROOHFWLQJ GDWD GRQH GLUHFWO\

LQ WKH �HOG DJDLQVW YDULDEOHV DV VWXG\ REMHFW� 1HYHUWKHOHVV� GDWD REWDLQHG IURP HDFK

YDULDEOH ZHUH DQDO\]HG EDVHG RQ UHIHUUHG DSSURDFKHV�
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���� 0HWKRG RI &ROOHFWLQJ 'DWD

0HWKRG XVHG LQ FROOHFWLQJ VHDJUDVV VDPSOH ZDV UDQGRPO\ VWUXFWXUHG PHWKRG XVLQJ

TXDGUDWLF WUDQVHFW GXH WR FRUUHVSRQGLQJ WR DQDO\VLV RI VHSDUDWLQJ VHDJUDVV IURP GHQ�

VLW\ DQG ELRPDVV LQ D ZDWHUV �'XDUWH HW DO�� ����� 3ULQJOH� ���� FLWHG E\ 6HW\REXGLDQGL

HW DO�� ������

&ROOHFWLQJ GDWD ZDV GRQH GLUHFWO\ E\ LQWHUYLHZ UHIHUULQJ WR TXHVWLRQQDLUHV� 5HVSRQ�

GHQWV DV VWXG\ XQLW ZHUH FKRVHQ E\ SXUSRVLYH VDPSOLQJ� 7KLV VDPSOLQJ PHDQW WKDW

VHOHFWHG UHVSRQGHQWV ZHUH ORFDO SHRSOH ZKR LQKDELWHG LQVLGH ED\ DUHD DQG ZHUH

�VKHUPHQ RU SUHGRPLQDQWO\ GLG FDWFKLQJ HIIRUW� DQG ZRPHQ ZKR FROOHFWHG VKHOO�VK�

5HVSRQGHQWV ZHUH GHWHUPLQHG EDVHG RQ OHQJWK RI VWD\� �VKHUPHQ� DQG DOVR FXVWRPDU\

SHRSOH LQ <RXWHID ED\� 6HOHFWHG UHVSRQGHQWV ZHUH �� SHRSOH�

�� $QDO\VLV RI 'DWD

���� $QDO\VLV RI 'HQVLW\ DQG 5HODWLYH 'HQVLW\ RI 6HDJUDVV 6SHFLHV

)RQVHFD ������ VWDWHG WKDW VSHFLHV GHQVLW\ GHVFULEHV QXPEHU RI VSHFLHV RFFXS\LQJ

D FHUWDLQ VSDFH LQ DQ HFRV\VWHP� )RUPXOD RI GHQVLW\ DQG UHODWLYH GHQVLW\ UHIHUUHG WR

�6HW\REXGLDQGL HW DO� ������
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DOO VSHFLHV�
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���� $QDO\VLV RI 8WLOL]DWLRQ E\ /RFDO &RPPXQLW\

5HVXOW RI LQWHUYLHZ DQG TXHVWLRQQDLUHV ZHUH DQDO\]HG TXDQWLWDWLYHO\ XVLQJ GHVFULSWLYH

DQDO\VLV IRU REWDLQLQJ FRPSUHKHQVLYHO\ GHVFULSWLRQ DERXW XWLOL]DWLRQ W\SH RI ORFDO FRP�

PXQLW\ DJDLQVW VHDJUDVV HFRV\VWHP LQ <RXWHID ED\� 5HODWLRQVKLS EHWZHHQ VHDJUDVV

VSHFLHV DQG SHUFHQWDJH RI XWLOL]DWLRQ E\ ORFDO SHRSOH LQ HDFK VWXG\ VLWH ZDV DQDO\]HG

XVLQJ VWDWLVWLFV DQDO\VLV RI VLPSOH UHJUHVVLRQ�

�� 5HVXOWV
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    Enhalus acoroides    Thalasia hempricii                       Halophila ovalis                            Halophila minor 

)LJXUH �� 6HDJUDVV VSHFLHV IRXQG LQ <RXWHID ED\ LQ �����

6HDJUDVV
VSHFLHV

<HDU ������ 6HDJUDVV
VSHFLHV

<HDU ������

7REDWL (QJJURV , (QJJURV
,,

7REDWL (QJJURV , (QJJURV
,,

� 7� KHPSULFKLL � � � 7� KHPSULFKLL �

� (� DFRURLGHV � � � (� DFRURLGHV � � �

� +� RYDOLV � � +� RYDOLV �

� +� PLQRU � +� PLQRU �

� +� SLQLIROLD �

� 7� FLOLDWXP �

� &� URQWXQGDWD � � �

'HVFULSWLRQ �� IRXQG LQ VWXG\ VLWH� � QRW IRXQG LQ VWXG\ VLWH

7ÔÕßØ �� 6SHFLHV FRPSRVLWLRQ �VHDJUDVV VSHFLHV GLVWULEXWLRQ� LQ ���� DQG �����

���� &RPSRVLWLRQ DQG 'LVWULEXWLRQ RI 6HDJUDVV 6SHFLHV

$FFRUGLQJ WR VWXG\ UHVXOW GRQH LQ <RXWHID ED\ ZDWHUV LQ ����� VHDJUDVV VSHFLHV LQ WKUHH

VWXG\ VLWHV FRPSULVHG � VSHFLHV IURP � JHQHUD LQFOXGLQJ WR IDPLO\ +\GURFKDULWDFHDH�

6HDJUDVV VSHFLHV IRXQGZHUH FDWHJRUL]HG LQWRPL[HG YHJHWDWLRQ W\SH EHFDXVH VHDJUDVV

VSHFLHV RQ HDFK TXDGUDQW ZHUH IRXQG WZR RU PRUH VHDJUDVV VSHFLHV ZKLFK GLVWULEXWHG�

6HDJUDVV VSHFLHV GLVWULEXWLRQ LQ <RXWHID ED\ KDV FKDQJHG LQ QXPEHU RI VSHFLHV

EHWZHHQ ���� DQG ����� DV FDQ EH VHHQ RQ 7DEOH �� 6HYHQ VHDJUDVV VSHFLHV ZHUH

UHFRUGHG LQ ���� LQ <RXWHID ED\ �8QLSD� ������ ZKHUHDV � VSHFLHV ZHUH RQO\ IRXQG LQ

���� �7HEDL\ HW DO� ������ 7REDWL ZDWHUV KDG � VHDJUDVV VSHFLHV� ZKLOH (QJJURV , DQG

(QJJURV ,, ZHUH � DQG � VHDJUDVV VSHFLHV� UHVSHFWLYHO\�

���� 'HQVLW\ RI VSHFLHV

%DVHG RQ VWXG\ UHVXOW� DYHUDJH RI DEVROXWH GHQVLW\ RI VHDJUDVV VSHFLHV LQ VWDWLRQ ,,,

�(QJJURV ,,� ZDV KLJKHU WKDQ WKDW RI LQ HLWKHU VWDWLRQ ,, �(QJJURV ,� RU VWDWLRQ , �7REDWL��

DV VHHQ LQ )LJXUH ��
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Seagrass species

Toba Enggros I

)LJXUH �� 5HODWLYH GHQVLW\ RI VHDJUDVV VSHFLHV RQ HDFK VLWH�

$YHUDJH YDOXH RI UHODWLYH GHQVLW\ RI VHDJUDVV VSHFLHV RQ WKUHH VWXG\ VLWHV� DV VKRZQ

LQ )LJXUH �� VKRZHG WKDW WKH KLJKHVW UHODWLYH GHQVLW\ YDOXH ZDV 7KDOODVLD KHPSULFKLL�

ZKHUHDV WKH ORZHVW UHODWLYH GHQVLW\ YDOXH ZDV +DORSKLOD PLQRU�

���� 8WLOL]DWLRQ 3DWWHUQ E\ <RXWHID %D\ &RPPXQLW\

'LUHFW XWLOL]DWLRQ E\ <RXWHID ED\ FRPPXQLW\ LQ VHDJUDVV HFRV\VWHP ZDV DV IROORZLQJ�

�VKLQJ� FROOHFWLQJ VKHOO�VK� FUDE� DQG VHD FXFXPEHUV� /RFDO SHRSOH JUHDWO\ XWLOL]HG VWD�

WLRQ , �7REDWL� DQG VWDWLRQ ,, �(QJJURV ,� DV PDQ\ DV UDQJLQJ EHWZHHQ �� DQG ���� IRU

HDFK VWDWLRQ� ,Q FRQWUDVW� VWDWLRQ ,,, �(QJJURV ,,� ZDV RQO\ ��� IRU EHLQJ XVHG E\ ORFDO

SHRSOH� DV VKRZQ LQ )LJXUH ��
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)LJXUH �� 3DWWHUQ RI VHDJUDVV XWLOL]DWLRQ E\ <RXWHID ED\ FRPPXQLW\�

y = 0.0239x + 1.4478
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)LJXUH �� 5HODWLRQVKLS EHWZHHQ OHYHO RI XWLOL]DWLRQ DQG VHDJUDVV VSHFLHV GLVWULEXWLRQ�

���� 5HODWLRQVKLS EHWZHHQ 6SHFLHV 'LVWULEXWLRQ DQG /HYHO RI
8WLOL]DWLRQ E\ /RFDO &RPPXQLW\ WR 6HDJUDVV (FRV\VWHP

6HDJUDVV HFRORJLFDOO\ SOD\V LPSRUWDQW UROHV DV KDELWDW IRU �VK DQG DVVRFLDWHG ELRWD�

QXUVLQJ JURXQG� DQG IHHGLQJ JURXQG� 6HDJUDVV DOVR SURYLGHV HFRV\VWHP VHUYLFHV IRU

ORFDO SHRSOH ZKR XVH LW� 0DQ\ EHQH�WV UHODWH WR WKH PDJQLWXGH RI HFRV\VWHP VHUYLFHV�

,Q <RXWHID ED\� VHDJUDVV SURYLGHV GLUHFWO\ HFRV\VWHP VHUYLFHV� %\ XVLQJ VLPSOH UHJUHV�

VLRQ DQDO\VLV� VHDJUDVV VSHFLHV QXPEHU GLVWULEXWLQJ LQ REVHUYDWLRQ VWDWLRQ DIIHFWHG

SRVLWLYHO\ WR SHUFHQWDJH RI XWLOL]DWLRQ E\ ORFDO SHRSOH RQ VHDJUDVV HFRV\VWHP� DV FDQ

EHHQ VHHQ LQ )LJXUH ��
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�� 'LVFXVVLRQ

���� 'HQVLW\ DQG 'LVWULEXWLRQ RI 6HDJUDVV 6SHFLHV

6HDJUDVV VSHFLHV IRXQG LQ <RXWHID ED\ ZHUH FODVVL�HG LQWR PL[HG YHJHWDWLRQ W\SH

EHFDXVH VHDJUDVV VSHFLHV RQ HDFK TXDGUDQW ZHUH IRXQG WZR RU PRUH VHDJUDVV VSHFLHV

ZKLFK GLVWULEXWHG� 6WDWLRQ , �7REDWL� KDG KLJKHU VHDJUDVV VSHFLHV DV PDQ\ DV � VSHFLHV

WKDQ ERWK VWDWLRQ ,, �(QJJURV ,� DQG VWDWLRQ ,,, �(QJJURV ,,�� ZKLFK ZHUH RQO\ IRXQG � DQG

� VSHFLHV� UHVSHFWLYHO\� &KDUDFWHULVWLF RI VHDJUDVV EHOW LQ WURSLFDO DQG VXE WURSLFDO UHJLRQ

LQFOXGLQJ ,QGR�3DFL�F KDG KLJK VSHFLHV GLYHUVLW\ DQG FDWHJRUL]HG LQWRPL[HG YHJHWDWLRQ

W\SH �'XDUWH� ������ =RQDWLRQ RI VHDJUDVV GLVWULEXWLRQ VWDUWV IURP EHDFK WR HGJH DQG LV

PRVWO\ FRQWLQXRXV� DQG LWV GLIIHUHQFH H[LVWLQJ LV RQO\ RQ VSHFLHV FRPSRVLWLRQ �'DKXUL

HW DO� ������ 'LVWULEXWLRQ ]RQDWLRQ DQG KDELWDW FKDUDFWHULVWLF RI VHDJUDVV LQ ,QGRQHVLD

FRDVWDO ZDWHUV FDQ EH JURXSHG EDVHG RQ ZDWHU SXGGOH� GHSWK� EULJWKQHVV� VSHFLHV

FRPSRVLWLRQ� DQG VXEVWUDW W\SH�

6HDJUDVV EHG RQ VWDWLRQ , �7REDWL� DQG VWDWLRQ ,, �(QJJURV ,� ZDV FRPSRVHG E\ SLRQHHU

VSHFLHV �+� RYDOLV DQG +� PLQRU� DQG FOLPD[ VSHFLHV �(� DFRURLGHV DQG 7� KHPSULFKLL��

ZKHUHDV VWDWLRQ ,,, �(QJJURV ,,� ZDV RQO\ RFFXSLHG E\ FOLPD[ VSHFLHV� &OLPD[ VSHFLHV

WHQG WR KDYH ORZ JURZWK UDWH� ORZ ORQJHYLW\� DQG PRVWO\ LQKDELW UHODWLYHO\ VWDEOH KDEL�

WDW �'XDUWH� ������ 5HYHUVHO\� SLRQHHU VSHFLHV� UHODWLYHO\ VPDOO VL]H� WHQG WR KDYH IDVW

JURZWK UDWH� VKRUW ORQJHYLW\� DQG DUH SDUWLFXODUO\ �UVW JURXS RFFXS\LQJ D FHUWDLQ VLWH

DIWHU EHLQJ GLVWXUEDQFH �'XDUWH HW DO�� ������

'HJUDGDWLRQ RI VHDJUDVV VSHFLHV �1RQWML� ����� ZDV DOVR FDXVHG E\ GLVWXUEDQFHV

RU QDWXUDO GLVDVWHUV� QDPHO\ WVXQDPL� YROFDQR HUXSWLRQ� DQG F\FORQH� 7KHVH FDXVHV

FDQ LPSDFW WR EHDFK GHVWUXFWLRQ� LQFOXGLQJ HYHQ VHDJUDVV� $QWKURSRJHQLF GLVWXUEDQFHV

IURP XSSHU ODQG XVH FRQWULEXWH PRVWO\ VHGLPHQWDWLRQ LQWR ED\� DQG DOVR LQWUXVLRQ RI

ELQV IURP KRXVHKROG DFWLYLWLHV IRXQG LQ WKH EDVH RI ZDWHUV ZKHQ VWXG\ GRQH� 8SSHU

LQWHUWLGDO DUHD ZDV RIWHQ IRXQG VPDOO VL]H VSHFLHV� QDPHO\ +� RYDOLV DQG +� PLQRU�

+RZHYHU� VWDWLRQ , �7REDWL� DQG VWDWLRQ ,, �(QJJURV ,�� VWDWLRQ KDYLQJ �DW FRUDO UHHI

DQG VDQG\� ZHUH DOVR IRXQG ODUJH VL]H VHDJUDVV VSHFLHV� VXFK DV 7� KHPSULFKLL DQG (�

DFRURLGHV� (� DFRURLGHV JURZV PRVWO\ LQ VDQG\ RU PXGG\ VHGLPHQW� KLJK ELRWXUEDWLRQ

DUHD� WR EH PRQRVSHFL�F �HOG� RQ DQ LQWHUPHGLDWH VL]H DV ZHOO DV KDUG VL]H RI VXEVWUDWH�

DQG RIWHQ LQKDELWV WRJHWKHU ZLWK 7� KHPSULFKLL �1LHQKXLV HW DO� ������ 1HYHUWKHOHVV�

WKLV VSHFLHV PDLQO\ RFFXSLHV RQ EDVH VXEVWUDWH RI VDQG\ DQG RIWHQ H[LVWV RQ EDVH

FRPSULVLQJ PL[ GHDG FRUDO IUDFWLRQ �6DQJDML� ������ %HQJHQ ������ XQGHUOLQHG WKDW WKLV

VSHFLHV RIWHQ GRPLQDWHV VHDJUDVV FRPPXQLW\�

6WDWLRQ ,,, �(QJJURV ,,� ZDV PDLQO\ IRXQG ODUJH VL]H VHDJUDVV VSHFLHV� QDPHO\ 7�

KHPSULFKLL DQG (� DFRURLGHV� 0RVW RI VHDJUDVV VSHFLHV KDYH ORZ FDSDELOLW\ RI OLIH

WROHUDQFH RQ GU\ FRQGLWLRQ� VR WKH\ FDQQRW JURZ RQ LQWHUWLGDO ]RQH� (YHQ WKRXJK RQO\

VPDOO VL]H VHDJUDVV VSHFLHV WKDW FDQ KROG ZDWHU DPRQJ WKHLU OHDYHV DQG FDQ RFFXS\

WKLV ]RQH� KRZHYHU� VRPH WKDW FDQQRW VXUYLYH RQ GU\ FRQGLWLRQ FDQ VXUYLYH LQ LQWHUWLGDO

]RQH� ([LVWHQFH RI ODUJH VL]H VHDJUDVV VSHFLHV LQ LQWHUWLGDO ]RQH FRUUHODWHV WR WKHLU

FDSDELOLW\ WR WROHUDWH GU\ FRQGLWLRQ� 7KLV FDSDELOLW\ VWURQJO\ UHODWHV WR PRUSKRORJLFDO
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FKDUDFWHULVWLF WKDW FDQ PLQLPL]H GU\ SUHVVXUH �%MRUN HW DO�� ������ 3KLOLS] DQG 0HQH]

������ VWDWHG WKDW VPDOO VL]H VHDJUDVV VSHFLHV� +� RYDOLV DQG JHQHUD +DORGXOH� DUH

HXU\ELRWLF DQG HXU\WKHUPLF� 6HDJUDVV VSHFLHV H[LVWLQJ RQ LQWHUWLGDO ]RQH FRUUHODWH WR

WKHLU FKDUDFWHULVWLF RI OHDYHV VXSSRUWHG E\ �H[LEOH DQG WKLQ SHWLROH VR LW KHOSV WKHP

WR VXUYLYH RQ PRLVWXUH VXEVWUDWH� 2I � VHDJUDVV VSHFLHV� 7� KHPSULFKLL DQG (� DFRURLGHV

IRXQG LQ DOO VWXG\ VLWHV VKRZHG WKDW ERWK VSHFLHV FDQ VXUYLYH DQG WROHUDWH RQ GLIIHUHQW

VXEVWUDWH�

'HQVLW\ LV FRPSDULVRQ EHWZHHQ QXPEHU RI LQGLYLGXDO DQG PHWHU VTXDUH� 'DWD DQDO�

\VLV RI GHQVLW\ RI D VSHFLHV LQ D FRPPXQLW\ DLPV WR FDOFXODWH SRSXODWLRQ RU QXPEHU

RI LQGLYLGXDO LQ D FHUWDLQ ZLGH XQLW �2GXP� ������ $YHUDJH YDOXH RI UHODWLYH GHQVLW\

RI VHDJUDVV VSHFLHV RQ WKUHH VWXG\ VLWHV VKRZHG WKDW 7� KHPSULFKLL KDG WKH KLJKHVW

UHODWLYH GHQVLW\� DV VKRZQ LQ )LJXUH �� 7� KHPSULFKLL KDG D KLJKHU FDSDELOLW\ WR WROHUDWH

DQG WR FRPSHWH LQ GLVWXUELQJ HQYLURQPHQW WKDQ RWKHU VHDJUDVV VSHFLHV LQ RQH VLWH�

7KLV VSHFLHV KDG WKH KLJKHVW IUHTXHQF\ VR WKLV VSHFLHV GLVWULEXWHG ZLGHO\ LI FRPSDUHG

WR RWKHUV� 7KLV ZDV EHFDXVH WKLV VSHFLHV WHQGHG WR LQKDELW D FHUWDLQ KDELWDW VXFK DV

VDQG\ VXEVWUDWH DQG GHDG FRUDO IUDFWLRQ�

���� 8WLOL]DWLRQ 3DWWHUQ E\ <RXWHID %D\ &RPPXQLW\

/RFDO SHRSOH LQ <RXWHID ED\ KDYH LQWHUDFWHG KHUHGLWDULO\ WR VHDJUDVV UHVRXUFH GLVWULEXW�

LQJ LQVLGH <RXWHID ED\� 7KURXJK LQGLJHQRXV NQRZOHGJH� WKH\ XQGHUVWDQG WKDW VHDJUDVV

�IDV� LV KRPH RU KDELWDW IRU �VKHV� 7KLV KDV EHHQ SURYHQ WKDW WKHUH LV DQ LQWHUDFWLRQ

EHWZHHQ ORFDO SHRSOH �XWLOL]DWLRQ SDWWHUQ� DQG HQYLURQPHQWDO VHUYLFHV IURP VHDJUDVV

DV KDELWDW IRU �VKHV DQG DVVRFLDWHG ELRWD� 8WLOL]DWLRQ SDWWHUQV RI �VKHULHV UHVRXUFHV

�H�J� �VKHV� FUDEV� VTXLGV� VKHOO�VK� DQG FXFXPEHUV� E\ <RXWHID ED\ FRPPXQLW\ ZHUH

GRQH WUDGLWLRQDOO\ �UHVWULFWHG XWLOL]DWLRQ�� 7KLV FDQ EH VHHQ IURP FDWFKLQJ JHDUV XVHG�

OHQJWK RI XWLOL]DWLRQ SHULRG� DQG DOVR \LHOG PDQDJHPHQW GRQH� 0RVW RI �VKHUPHQ LQ

7REDWL� (QJJURV� DQG $EH 3DQWDL YLOODJH ZHUH IXOO �VKHUPDQ� ZKLFK �VKHUPDQ DV PDLQ

OLYHOLKRRG�

,Q 7REDWL DQG (QJJURV YLOODJH� �VKLQJ DFWLYLW\ ZDV XVXDOO\ GRQH E\ PHQ� ZKHUHDV

FROOHFWLQJ VKHOO�VK� FXFXPEHUV� DQG FUDEV ZDV GRQH E\ZRPHQ� 0RVW RI FDWFKLQJ \LHOGV

XVXDOO\ ZHUH VROG DQG WKH UHPDLQLQJ \LHOGV ZHUH IRU KRXVHKROG FRQVXPSWLRQ� ,Q 1DIUL

YLOODJH� KRZHYHU� �VKHUPDQ ZDV D SDUW WLPH MRE VR WKH FDWFKLQJ \LHOG ZDV PRVWO\ FRQ�

VXPHG E\ KRXVHKROG �7HEDL\� ������ 5HVRXUFHV FROOHFWHG E\ �VKHUZRPHQ ZHUH VKHOO�

�VK� FUDE� DQG FXFXPEHUV IRU � RU � KRXUV� DQG WKH VLWHV IRU FROOHFWLQJ UHVRXUFHV ZHUH

FORVH WR WKH YLOODJH� 7KH\ VHDUFKHG UHVRXUFHV IRU FRQVXPSWLRQ DQG VDOH� 7KH\ XVXDOO\ GR

WKLV DFWLYLW\ HYHU\GD\ GXH WR QRW RQO\ IRU KRXVHKROG FRQVXPSWLRQ EXW DOVR VXSSRUWLQJ

KRXVHKROG HFRQRP\ LQ VPDOO VFDOH� 6HDJUDVV EHG LQ VWDWLRQ , �7REDWL� ZDV XVHG E\ ORFDO

SHRSOH DV �VKLQJ VLWH DQG FROOHFWLQJ VKHOO�VK� FXFXPEHUV� DQG FUDE� %DVHG RQ LQWHUYLHZ

UHVXOW� �� � ���� UHVSRQGHQWV GLG XWLOL]DWLRQ DFWLYLW\ WR �VKHULHV UHVRXUFHV� 6HDJUDVV

EHG LQ VWDWLRQ ,, �(QJJURV ,� ZDV XWLOL]HG E\ ORFDO DV VLPLODU DV VWDWLRQ , �7REDWL�� ,Q VWDWLRQ

,,, �(QJJURV ,,�� OHVV WKDQ ��� RI ORFDO SHRSOH XVHG �VKHULHV UHVRXUFH�
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���� 5HODWLRQVKLS EHWZHHQ 6SHFLHV 'LVWULEXWLRQ DQG /HYHO RI
8WLOL]DWLRQ E\ /RFDO &RPPXQLW\ WR 6HDJUDVV (FRV\VWHP

7KLV WUHQG VKRZHG WKDW FKDQJH RI XWLOL]DWLRQ E\ ORFDO SHRSOH ZDV LQ OLQH ZLWK FKDQJH RI

VHDJUDVV VSHFLHV GLVWULEXWLRQ� (DFK LQFUHDVLQJ RI VHDJUDVV VSHFLHV QXPEHU DV PDQ\ DV

D XQLW ZLOO LPSURYH SHUFHQWDJH RI XWLOL]DWLRQ DV PDQ\ DV ����� XQLW RI VHDJUDVV VSHFLHV

DEXQGDQFH� DQG UHYHUVHO\ HDFK GHFUHDVLQJ RI VHDJUDVV VSHFLHV QXPEHU DV PDQ\ DV

D XQLW ZLOO OHVVHQ SHUFHQWDJH RI XWLOL]DWLRQ DV PDQ\ DV ����� XQLW RI VHDJUDVV VSHFLHV

DEXQGDQFH� $FFRUGLQJ WR 6LJQL�FDQW WHVW �) WHVW�� YDULDEOH RI VHDJUDVV VSHFLHV QXPEHU

LQ HDFK REVHUYDWLRQ VWDWLRQ GLG QRW LQ�XHQFH VLJQL�FDQWO\ RQ FRQ�GHQFH OHYHO ��� 3

YDOXH ������ ZDV JUHDWHU WKDQ ���� RU ) WHVW YDOXH ZDV JUHDWHU WKDQ ) WDEOH� +RZHYHU

WKLV FRXOG EH VLJQL�FDQW RQ FRQ�GHQFH OHYHO ���� 5 VTXDUH YDOXH ZDV ������ ZKLFK

PHDQW WKDW ������ RI FKDQJH KDSSHQLQJ RQ VHDJUDVV VSHFLHV QXPEHU ZDV LQ�XHQFHG

E\ SHUFHQWDJH RI XWLOL]DWLRQ� ZKHUHDV ����� ZDV LQ�XHQFHG E\ RWKHU YDULDEOHV WKDW

GLG QRW EHHQ REVHUYHG LQ HTXDWLRQ� 2YHUDOO� WKLV PRGHO ZDV EHWWHU�

�� &RQFOXVLRQV

�� 6HDJUDVV VSHFLHV GLVWULEXWLQJ LQ <RXWHID ED\ ZHUH � VSHFLHV� QDPHO\ 7� KHPSULFKLL�

(� DFRURLGHV� +� RYDOLV DQG +� PLQRU�

�� 6WDWLRQ , �7REDWL� FRPSULVHG � VSHFLHV �7� KHPSULFKLL� (� DFRURLGHV� +� RYDOLV DQG

+� PLQRU�� VWDWLRQ ,, �(QJJURV ,� ZDV � VSHFLHV �7� KHPSULFKLL� (� DFRURLGHV� DQG +�

RYDOLV�� DQG VWDWLRQ ,,, �(QJJURV ,,� ZDV � VSHFLHV �7� KHPSULFKLL DQG (� DFRURLGHV��

�� $YHUDJH YDOXH RI UHODWLYH GHQVLW\ RI VHDJUDVV VSHFLHV RQ WKUHH VWXG\ VLWHV WKH

KLJKHVW UHODWLYH GHQVLW\ YDOXH ZDV 7KDOODVLD KHPSULFKLL� ZKHUHDV WKH ORZHVW UHOD�

WLYH GHQVLW\ YDOXH ZDV +DORSKLOD PLQRU�

�� 7KH GHQVLW\ RI DOO VSHFLHV RI VHDJUDVV RQ WKUHH VWXG\ VLWH� DV VKRZV (QJJURV ,, �VLWH

,,,� KDV WKH KLJKHVW SHUFHQWDJH �������� DQG WKH ORZHUVW SHUVHQWDJH LV 7REDWL �VLWH

,� KDV ������

�� +LJK SHUFHQWDJH OHYHO RI XWLOL]DWLRQ E\ ORFDO SHRSOH ZDV LQ�XHQFHG E\ VHDJUDV

VSHFLHV GLVWULEXWLRQ LQ <RXWHID ED\� 7KLV ZDV VKRZHG E\ S YDOXH ���� ZLWK VLJQLI�

LFDQW WHVW �) WHVW� RQ FRQ�GHQFH OHYHO ����

5HIHUHQFHV

>�@ '� *� %HQJHQ� 6LQRSVLV (NRVLVWHP GDQ 6XPEHUGD\D $ODP 3HVLVLU� 3XVDW .DMLDQ

6XPEHUGD\D 3HVLVLU GDQ /DXWDQ� ,3%� %RJRU� �����

>�@ 0� %MRUN� -� 8NX� $� :HLO� DQG 6� %HHU� 3KRWRV\QWKHWLF WROHUDQFH WR GHVLFFDWLRQ RI

WURSLFDO LQWHUWLGDO VHDJUDVV� 0DU (FRO 3URJ 6HU� ���� �������� �������
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>�@ 'LQDV .HODXWDQ GDQ 3HULNDQDQ� .RQVHUYDVL 6XPEHUGD\D LNDQ GL ,QGRQHVLD� 'LUHNWRUDW

.RQVHUYDVL GDQ 7DPDQ 1DVLRQDO /DXW.HUMDVDPD GHQJDQ -DSDQ ,QWHUQDVLRQDO &RRSHUD�

WLRQ $JHQF\� ����� �������

>�@ 'DKXUL� 5� -� 5DLV� 6� 3� *LQWLQJ� DQG 0� -� 6LWHSX� 3HQJHORODDQ 6XPEHUGD\D 3HVLVLU GDQ

/DXWDQ� -DNDUWD� 3HQHUELW 3UDGQ\D 3DUDPLWD �������

>�@ &� 0� 'XDUWH DQG +� .LUNPDQ� 0HWKRGV )RU WKH PHDVXUHPHQW RI VHDJUDVV DEXGDQFH

DQG GHSWK GLVWULEXWLRQ� LQ� JOREDO VHDJUDVV UHVHDUFK PHWKRGV� (OVHYLHU� SS ����������

�����

>�@ &� 0� 'XDUWH� 6HDJUDVV GHSWK OLPLWV� $TXDW %RW� ��� �������� �������

>�@ &� 0� 'XDUWH� -� 7HUUDGRV� 1� 6� 5� $JDZLQ� 6� )RUWHV 0G� %DFK� DQG :� -� .HQZRUWK\�

5HVSRQVH RI D PL[HG SKLOLSSLQD VHDJUDVV WR H[SHULPHQW EXULDO� 0DU (FRO 3URJ 6HU�

���� �������� �������

>�@ 0� 6� )RQVHFD� :� -� .HQZRUWK\� '� 5� &ROE\� .� $� 5XWWPDVWHU� DQG *� :� 7KD\HU�

&RPSDULVRQ RI IDXQD DPRQJ QDWXUDO DQG WUDQSDQWHG HHOJUDVV ]RVWHUD� 0HDGRZV�

FULWHULD IRU PLWLJDWLRQ� 0DULQH (FRORJ\ 3URJUHVV PDULQD EHULHV� ��� �������� �������

>�@ .XVQDGL� 7HRUL GDQ 0DQDMHPHQ .RQ�LN� 0DODQJ� 7DURGD �������

>��@ 1� (� /HZDKHULOOD� 3DULZLVDWD %DKDUL� 3HPDQIDDWDQ 3RWHQVL :LOD\DK 3HVLVLU GDQ /DXWDQ�

0DNDODK 3URJUDP 3DVFD 6DUMDQD � 6�� ,QVWLWXW 3HUWDQLDQ %RJRU� %RJRU� �����

>��@ 1RQWML� /DXW 1XVDQWDUD� 'MDPEDWDQ� -DNDUWD �������

>��@ 3� +� 1LHQKXLV� &RPPXQLW\ 6WUXFWXU DQG %LRPDVVD GLVWULEXWLRQ RI 6HDJUDVV DQG

PDFURIDXQD LQ WKH )ORUHV ,QGRQHVLD� 1HW� -� 6FL� 5HV�� ��� �������� �������

>��@ (� 3ULDQWR� 3URVHGLQJ ´)HQRPHQD $NWXDO 7HPD 'RNWRUDO $UVLWHNWXU GDQ 3HUNRWDDQµ�

%DGDQ 3HQHUELW 8QLYHUVLWDV 'LSRQHJRUR� 6HPDUDQJ� �����

>��@ 5� &� 3KLOOLSV DQG (� *� 0HQH]� 6HDJUDVVHV� :DVKLQJWRQ� '�&�� 6PLWKVRQLDQ ,QVWLWXWLRQ

3UHVV� 6PLWKVRQLDQ &RQWULEXWLRQV WR WKH 0DULQH 6FLHQFH VHULHV� QR� ��� ��� S� �����

>��@ )� 6DQJDML� 3HQJDUXK VHGLPHQ GDVDU WHUKDGDS SHQ\HEDUDQ� NHSDGDWDQ�

NHDQHNDUDJDPDQ GDQ SHUWXPEXKDQ SDGDQJ /DPXQ GL ODXW 6HNLWDU 3XODX %DUDQJ

/RPSR� �7HVLV�� 3URJUDP 3DVFDVDUMDQD� 8QLYHUVLWDV +DVDQXGLQ� 8MXQJ 3DQGDQJ� ���

KDO �������

>��@ ,� 6HW\REXGLDQGL� HW DO�� 6DPSOLQJ GDQ $QDOLVLV 'DWD 3HULNDQDQ GDQ .HODXWDQ �7HUDSDQ

0HWRGH 3HQJDPELODQ &RQWRK GL :LOD\DK 3HVLVLU GDQ /DXW� 0$.$,5$�)3,. ,3%� %RJRU�

�����

>��@ 6� 7HEDL\� 3ROD 3HPDQIDDWDQ 6XPEHUGD\D 3HULNDQDQ ROHK 0DV\DUDNDW 7HOXN <RXWHID

-D\DSXUD� ,Q +LNPD\DQL <� $SULOLDQL 7� =DPURQL $ GDQ 3XWUL +0 �(GV�� 3URVLGLQJ

6HPLQDU 1DVLRQDO 5LVHW GDQ .HELMDNDQ 6RVLDO (NRQRPL .HODXWDQ GDQ 3HULNDQDQ %XNX

�� �����

>��@ 7� 6HOYL� 6WUXNWXU NRPXQLWDV 3DGDQJ ODPXQ VWUDWHJL SHQJHORODDQ\D GL WHOXN <RXWHID

3DSXD� -XUQDO 6HJDUD 9RO �� QR �� 'HVHPEHU ����� +DO �������� �����

>��@ 6� 8VPDQ� 3HPEHUGD\DDQ 0DV\DUDNDW� 3XVWDND 3HODMDU� <RJ\DNDUWD� ��� KDO �������
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