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Fish assemblages in planted mangroves of different ages in northwestern Lingayen Gulf, northwestern 
Philippines, composed of: seven-year (Tondol, Anda), nine-year (Pangapisan, Alaminos), 11-yr (Imbo, Anda), 12-
\U� �3LODU��%ROLQDR���DQG����\U� VWDQGV� �%DQJULQ��%DQL��ZHUH� LQYHVWLJDWHG��$�PRGL¿HG� ORFDO� WULDQJXODU� WUDS�QHW�ZDV�
deployed ~1 m from the edge of the plantation of each site at low tide for three days (before, during, and after 
spring tide) in December 2008 and February 2009. Fish samples were collected the following day, measured, then 
weighed in the laboratory. Fish species were categorized based on trophic level and habitat preferences. A total of 
593 individuals belonging to 50 species from 22 families were recorded. There were no apparent trends in terms of 
¿VK�DEXQGDQFH��¿VK�ELRPDVV��DQG�WURSKLF�FDWHJRULHV�ZLWK�DJH�RI�PDQJURYH�VWDQGV��,Q� WHUPV�RI�KDELWDW�SUHIHUHQFH��
mangrove-associated species dominated the mature plantation (> 12 yr) while reef-associated species were mostly 
IRXQG� LQ�\RXQJHU�VWDQGV� ������\U���7KH�¿VK�DVVHPEODJHV�KDYH������VLPLODULW\�EHWZHHQ�VHYHQ�\HDU�DQG�QLQH�\HDU�
SODQWDWLRQ��DQG������VLPLODULW\�EHWZHHQ����\HDU�DQG����\U�SODQWDWLRQ��,Q�FRQWUDVW��WKH����\U�ROG�SODQWDWLRQ�ZDV�FOHDUO\�
VHSDUDWHG�IURP�WKH�\RXQJHU�SODQWDWLRQV��LQGLFDWLQJ�D�SRVVLEOH�VKLIW�RI�¿VK�DVVHPEODJH�ZLWK�DJH�RI�PDQJURYH�VWDQGV�

.H\�ZRUGV��PDQJURYHV��SODQWLQJ��¿VK�DVVHPEODJH��WULDQJXODU�WUDS�QHW��WUDMHFWRU\�SDWWHUQ��/LQJD\HQ�*XOI

,1752'8&7,21

0DQJURYH�IRUHVWV�SHUIRUP�VHYHUDO�LPSRUWDQW�HFRORJLFDO�
DQG� VRFLR�HFRQRPLF� IXQFWLRQV�� 7KH\� VHUYH� DV� KDELWDW� IRU�
YDULRXV�PDULQH� DQG� WHUUHVWULDO� RUJDQLVPV�� SURGXFH� RUJDQLF�
GHWULWXV�� SURWHFW� VKRUHOLQH�� DQG� SURYLGH� IRUHVW� DQG� ¿VKHU\�
SURGXFWV� �White and Cruz-Trinidad 1998��� 0DQJURYHV�
DUH� DOVR� FRQVLGHUHG� DV� RQH� RI� WKH� PRVW� GHJUDGHG� FRDVWDO�
HFRV\VWHPV� LQ� WKH� FRXQWU\�� 7KH� 3KLOLSSLQHV� XVHG� WR� KDYH�
DERXW���������KD�RI�PDQJURYHV�LQ������EXW�GXH�WR�QDWXUDO�DQG�
DQWKURSRJHQLF�VWUHVVHV��PDQJURYH�FRYHU�VKUXQN�WR���������
KD� LQ� ����� DQG� ZDV� GUDVWLFDOO\� UHGXFHG� WR� RQO\� ��������
KD�LQ�������Long and Giri 2011���$W�OHDVW�VL[W\�SHUFHQW�RI�
PDQJURYH�ORVV�FDQ�EH�DWWULEXWHG�WR�FRQYHUVLRQ�WR�DTXDFXOWXUH�
SRQGV�SDUWLFXODUO\�GXULQJ�WKH�����V��Primavera 2005���

6LPLODUO\�� PDQJURYHV� LQ� 3DQJDVLQDQ� �ZHVW� /LQJD\HQ�
*XOI�� 1:� 3KLOLSSLQHV�� DUH� VHYHUHO\� GHJUDGHG�� )URP� DQ�
HVWLPDWHG� DUHD� RI� ���� KD� LQ� ������ RQO\� ���� KD� LQ� �����
UHPDLQV��MSI 2002���7R�DGGUHVV�PDQJURYHV�ORVV��PDQJURYH�
UHVWRUDWLRQ�SURJUDPV�ZHUH�LPSOHPHQWHG��$URXQG�����KD�RI�
SODQWHG�PDQJURYHV�ZHUH�HVWDEOLVKHG�LQ�WKH�PXQLFLSDOLWLHV�RI�
%ROLQDR��$QGD��%DQL��DQG�$ODPLQRV��7KLV�SODQWLQJ�VWUDWHJ\��
ZKLFK�KDV�EHHQ�LPSOHPHQWHG�IRU�DOPRVW�WZR�GHFDGHV��DLPV�WR�
UHVWRUH�IRUHVW�FRYHU�DQG�HFRORJLFDO�IXQFWLRQLQJ�RI�PDQJURYHV�
�Salmo III et al. 2007��

7KHUH�KDYH�EHHQ�LQWHUHVWV�RQ�KRZ�SODQWHG�PDQJURYHV�
FRQWULEXWH� LQ� ¿VKHULHV� SURGXFWLRQ�� 0DQJURYHV� DUH� NQRZQ�
WR� DWWUDFW�¿VK�EHFDXVH�RI� WKH�KDELWDW� FRPSOH[LW\�� IRRG� DQG�
UHIXJH� WKH\� SURYLGH� �Huxham et al. 2004���5REHUWVRQ� DQG

Duke �1987�� SURSRVHG� WKDW�PDQJURYHV� DUH� YHU\� LPSRUWDQW�
QXUVHU\� KDELWDW� IRU� FRPPHUFLDOO\� LPSRUWDQW� ¿VK� VSHFLHV��
Ronnback et al.� �1999�� IXUWKHU�SURYHG� WKDW�PDQJURYHV� DUH�
H[WHQVLYHO\�XVHG�DV�KDELWDW�E\�YDULRXV�¿VK�VSHFLHV��

+RZHYHU�� SODQWHG� PDQJURYHV� RIIHU� D� XQLTXH� FDVH��
%HLQJ� PRQRVSHFL¿F� DQG� ZLWK� RIWHQWLPHV� VWXQWHG� JURZWK�
�Samson and Rollon 2008���LW�UHGXFHV�KDELWDW�FRPSOH[LW\�DQG�
GHWULWXV�SURGXFWLRQ�WKDW�PD\�GLPLQLVK�WKHLU�DWWUDFWLYHQHVV�DV�
¿VK�KDELWDW��Salmo III 2011���7KH�SODQWHG�PDQJURYHV�KDYH�WR�
XQGHUJR�GHYHORSPHQWDO�VWDJH�EHIRUH�LW�UHDFKHV�D�IRUHVW�VWDWH�
FRPSDUDEOH�ZLWK�WKDW�RI�D�PDWXUH�PDQJURYH��8QIRUWXQDWHO\��
VWXGLHV�WKDW�FRPSDUH�WKH�SHUIRUPDQFH�RI�QDWXUDO�DQG�SODQWHG�
PDQJURYHV�LQ�HQKDQFLQJ�¿VK�DVVHPEODJHV�DUH�OLPLWHG��

5HFHQWO\�� KRZHYHU�� WKHUH�KDV�EHHQ� DQ� LQFUHDVH� LQ� WKH�
QXPEHU�RI�VWXGLHV�WKDW�H[DPLQH�¿VK�DVVHPEODJHV�LQ�SODQWHG�
PDQJURYHV��FRPSDULQJ�WKHP�WR�QDWXUDO�RU�PDWXUH�PDQJURYH�
VWDQGV��7KHVH�VWXGLHV�KDYH�FRQWUDVWLQJ�¿QGLQJV��)RU�H[DPSOH��
Huxham et al.� �2004�� FRPSDUHG� WKH� ¿VK� DVVHPEODJHV�
EHWZHHQ�YHJHWDWHG�PDQJURYHV�DQG�XQYHJHWDWHG�VLWHV�LQ�*D]L�
%D\�� .HQ\D� DQG� UHVXOWV� UHYHDOHG� VLJQL¿FDQW� GLIIHUHQFH� LQ�
DVVHPEODJH�VWUXFWXUH�EHWZHHQ�WKH�WZR�VLWHV��6SHFLHV�ULFKQHVV�
DQG� DEXQGDQFH� ZHUH� IRXQG� WR� EH� VLJQL¿FDQWO\� KLJKHU� DW�
FOHDU�VLWH�WKDQ�WKDW�RI�WKH�YHJHWDWHG�VLWH���,Q�FRQWUDVW��Crona 
and Ronnback� �2007��VKRZHG�QR�VLJQL¿FDQW�GLIIHUHQFHV� LQ�
MXYHQLOH�¿VK�UHFUXLWV�EHWZHHQ�SODQWHG�DQG�QDWXUDO�PDQJURYH�
VWDQGV�LQ�3DJELODR��3KLOLSSLQHV��

��,QVWLWXWLRQDO�5HVHDUFK�$VVLVWDQW��%ROLQDR�0DULQH�/DERUDWRU\��7KH�0DULQH�6FLHQFH�,QVWLWXWH��&ROOHJH�RI�6FLHQFH���8QLYHUVLW\�RI�WKH�3KLOLSSLQHV��'LOLPDQ��4XH]RQ�&LW\�
������3KLOLSSLQHV��(PDLO��V�SHUDOWD����#JPDLO�FRP

2�$VVLVWDQW�3URIHVVRU��'HSDUWPHQW�RI�(QYLURQPHQWDO�6FLHQFH��$WHQHR�GH�0DQLOD�8QLYHUVLW\��/R\ROD�+HLJKWV�������4XH]RQ�&LW\�DQG�$GMXQFW�)DFXOW\��&ROOHJH�RI�$JULFXOWXUH��
&HQWUDO�/X]RQ�6WDWH�8QLYHUVLW\��6FLHQFH�&LW\�RI�0XxR]�������1XHYD�(FLMD
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�� (YDOXDWLQJ�SDWWHUQV�RI�¿VK�DVVHPEODJH�FKDQJHV

6WXGLHV� WKDW� HYDOXDWH� WKH� SURJUHVV� DQG� LPSDFW� RI�
PDQJURYH�SODQWLQJ�SURJUDPV�LQ�HQKDQFLQJ�¿VK�DVVHPEODJHV�
DUH� UDUHO\� XQGHUWDNHQ�� 7KXV�� WKLV� VWXG\� FRQGXFWHG�
GRFXPHQWDWLRQ�DQG�HYDOXDWLRQ�RI�¿VK�DVVHPEODJHV�LQ�SODQWHG�
PDQJURYHV� UHSUHVHQWLQJ� D� JUDGLHQW� RI� DJHV� IURP� \RXQJ� WR�
PDWXUH�SODQWDWLRQ��7KH�UHVHDUFKHUV�WHVWHG�WKH�K\SRWKHVLV�WKDW�
WKH�¿VK�DVVHPEODJH�ZLOO�FKDQJH�DV�PDQJURYH�VWDQGV�PDWXUH��
6XFK�VKLIW�LQ�SDWWHUQ�FRXOG�EH�XVHG�DV�D�SRVVLEOH�LQGLFDWRU�RI�
UHVWRUDWLRQ�WUDMHFWRU\�LQ�UHVWRUHG�PDQJURYHV�

MATERIALS AND METHODS  

6LWH�GHVFULSWLRQ

7KH� VWXG\� XWLOL]HG� WKH� PRQR�VSHFL¿F� PDQJURYH�
SODQWDWLRQV� RI� WKH� VSHFLHV� Rhizophora mucronata� LQ�
/LQJD\HQ�*XOI��)LJXUH�����7KHVH�SODQWDWLRQV�DUH�RI�YDU\LQJ�
DJHV�DQG�VL]HV�ORFDWHG�LQ�7RQGRO�LQ�$QGD����\UV�ROG�����KD��
3����3DQJDSLVDQ�LQ�$ODPLQRV����\UV�ROG�����KD��3����,PER�LQ�
$QGD�����\UV�ROG����KD��3�����3LODU�LQ�%ROLQDR�����\UV�ROG��
�� KD�� 3���� DQG�%DQJULQ� LQ�%DQL� ���� \UV� ROG�� ��� KD�� 3�����
7KH�SODQWHG�PDQJURYHV�LQ�%DQJULQ�KDYH�DQRWKHU�VHSDUDWH����
KD�EORFN�LQ�WKH�HDVWHUQ�VLGH�FRPSRVHG�RI�VHYHUDO�FRKRUWV�RI�
XQNQRZQ�DJHV��)RU�WKLV�VLWH��WKH�VWXG\�ZDV�FRQGXFWHG�LQ�WKH�
SXUH����\U�VWDQG��

6LWHV�LQ�$QGD��$ODPLQRV�DQG�%ROLQDR�IDFLQJ�/LQJD\HQ�
*XOI�DUH�H[SRVHG�WR�FRDVWDO�FXUUHQWV�ZKLOH�%DQL�LV�LQ�D�PRUH�
VKHOWHUHG�DUHD�IRXQG�LQ�7DPEDF�%D\��7KH�DYHUDJH�GHSWK�RI�
WKH�VWXG\�VLWHV�LV�DERXW���P�GXULQJ�KLJK�WLGH�EXW�LV�JHQHUDOO\�
H[SRVHG� DW� ORZ� WLGH� SDUWLFXODUO\� GXULQJ� 6HSWHPEHU� WR�
)HEUXDU\��7KHUH�DUH�WZR�SURQRXQFHG�VHDVRQV��GU\�IURP�WKH�
PRQWKV�RI�1RYHPEHU�WR�$SULO��QRUWKHDVW�PRQVRRQ��DQG�ZHW�
IURP� WKH�PRQWKV�RI�0D\� WR�2FWREHU� �VRXWKZHVW�PRQVRRQ��
ZLWK�DQ�DYHUDJH�DQQXDO�SUHFLSLWDWLRQ�RI�DW� OHDVW�������PP�
�FAO 2001��

([SHULPHQWDO�GHVLJQ

:H�XVHG�D�VSDFH�IRU�WLPH��6)7��VXEVWLWXWLRQ�DSSURDFK�
LQ� LQIHUULQJ� WHPSRUDO� WUHQGV� IURP� GLIIHUHQW� DJHG� VLWHV� WR�
JHQHUDWH� SDWWHUQV� LQ� WKH� WUDMHFWRU\� RI� WKH� UHVWRUHG� V\VWHP�
�cf Pickett 1989���6XFK�DSSURDFK�KDV�EHHQ�XVHG� LQ� VLPLODU�
VWXGLHV� LQ� UHVWRUDWLRQ� HFRORJ\� ZKHUH� RSWLPDO� VDPSOLQJ�
GHVLJQ� �L�H�� SUHVHQFH� RI� H[SHULPHQWDO� FRQWUROV� DQG� DJH�
UHSOLFDWHV�ZLWKLQ�RQH�VLWH��PD\�QRW�EH�SRVVLEOH��cf Michener 
1997���7KXV�� WKH� DJHV� RI� WKH� SODQWHG� VLWHV�ZHUH� XVHG� DV� D�
WHPSRUDO� SRLQW� LQ� WKH� UHVWRUDWLRQ� WUDMHFWRU\� RI�PDQJURYHV�

)LHOG�VDPSOLQJ

)LVK�VDPSOLQJ�ZHUH�FDUULHG�RXW�GXULQJ�VSULQJ�WLGHV� LQ�
'HFHPEHU������DQG�)HEUXDU\�������0RGL¿HG�ORFDO�WULDQJXODU�
WUDS� QHWV� ORFDOO\� NQRZQ� DV� ³EDNODG´� ZHUH� XVHG� WR� FROOHFW�
VDPSOHV��7KH�QHW�KDV�D����P�ZLQJVSDQ�RQ�HDFK�VLGH��DUHD��
�����P2��ZLWK� �D�WKUHH�P�SRFNHW�FRQQHFWHG�DW� WKH�FRG�HQG�

$OO�QHWV�KDG�D�VWUHWFKHG�PHVK�VL]H�RI���PP��7KH�WUDS�
QHW�ZDV�DVVXPHG�WR�FDWFK�¿VK�WKDW�FDPH�LQ�GXULQJ�KLJK�WLGH�
DQG� WUDSSHG�DV� WLGH� UHFHGHV��2QH� WUDS�QHW�ZDV�GHSOR\HG�DW�
HDFK�VLWH�a��P�IURP�WKH�HGJH�RI� WKH�SODQWDWLRQ�DW� ORZ�WLGH�
IRU� WKUHH� GD\V� �EHIRUH�� GXULQJ�� DQG� DIWHU� VSULQJ� WLGH��� )LVK�
VDPSOHV�ZHUH�FROOHFWHG� WKH� IROORZLQJ�GD\�GXULQJ� ORZ�WLGH��
HDUO\�LQ�WKH�PRUQLQJ�IURP�WKH�SRFNHW�RI�WKH�QHW��$OO�FROOHFWHG�
LQGLYLGXDOV�ZHUH�VRUWHG�IURP�RWKHU�FDWFK��H�J��FUXVWDFHDQV��
PROOXVNV��DQG� WKHQ� LGHQWL¿HG� WR�VSHFLHV� OHYHO�XVLQJ�Kuiter 
and Debelius �2006��DQG�Allen et al. �2003���7KH�FROOHFWHG�
¿VK� VDPSOHV�ZHUH�PHDVXUHG�DQG�ZHLJKHG�ZLWKLQ� WKH� VDPH�
VDPSOLQJ� GD\� LQ� WKH� %ROLQDR� 0DULQH� /DERUDWRU\� �0DULQH�
6FLHQFH�,QVWLWXWH�RI�WKH�8QLYHUVLW\�RI�WKH�3KLOLSSLQHV���'DWD�
RQ�WURSKLF�FDWHJRU\��KDELWDW�SUHIHUHQFH�DQG�MXYHQLOH�VL]H�IRU�
HDFK� VSHFLHV�ZHUH� REWDLQHG� IURP�),6+%$6(� �Froese and 
Pauly 2004��

'DWD�DQDO\VLV

7KH� ¿VK� DVVHPEODJH� ZDV� DQDO\]HG� XVLQJ� D� QRQ�
SDUDPHWULF� DSSURDFK�� 5HODWLYH� DEXQGDQFH� DQG� UHODWLYH�
ELRPDVV� ZHUH� FRPSXWHG� IRU� HDFK� VSHFLHV� WKDW� ZHUH�
GHWHUPLQHG�DV�WKH�FRXQW�DQG�ZHLJKW�RI�D�VSHFLHV�GLYLGHG�E\�
WKH�WRWDO�DEXQGDQFH�DQG�WRWDO�ELRPDVV�SHU�VLWH��UHVSHFWLYHO\��
'DWD� IRU� WKH� WZR� VDPSOLQJ� SHULRGV� ZHUH� SRROHG� VLQFH� QR�
WHPSRUDO�GLIIHUHQFHV�ZHUH�REVHUYHG��$QDO\VLV�RI�6LPLODULW\�
WHVW���7URSKLF�FDWHJRULHV�DQG�KDELWDW�SUHIHUHQFHV�RI�DOO�¿VK�
VSHFLHV�SHU�VLWH�ZHUH�DQDO\]HG�WKURXJK�IUHTXHQF\�DQDO\VLV��
6SHFLHV� GLYHUVLW\� �+¶�� ZDV� FDOFXODWHG� XVLQJ� WKH� 6KDQQRQ�
:HLQHU� LQGH[�� $� VLPLODULW\� PDWUL[� ZDV� FRQVWUXFWHG� XVLQJ�
%UD\�&XUWLV�LQGH[�RQ�VWDQGDUGL]HG��IRXUWK�URRW�WUDQVIRUPHG�
ELRPDVV� GDWD�� &OXVWHU� DQDO\VLV� ZDV� SHUIRUPHG� IURP� WKLV�
VLPLODULW\�PDWUL[��'LVFULPLQDWLQJ�VSHFLHV�ZDV�REWDLQHG�XVLQJ�
D�VLPLODULW\�SHUFHQWDJH�SURFHGXUH�ZLWK�D�FXW�RII�RI������SHU�
VLWH��SIMPER; Clarke and Warwick 2001���$OO�PXOWLYDULDWH

Figure 1. Location of mangrove plantations of different ages 
used in the study. The numbers indicate the ages 
of mangrove stands. �
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DQDO\VHV� ZHUH� LPSOHPHQWHG� LQ� 35,0(5� �� �Clarke and 
Gorley 2006��

5(68/76

)LVK�VSHFLHV�FRPSRVLWLRQ

$�WRWDO�RI�����¿VK�LQGLYLGXDOV�EHORQJLQJ�WR����VSHFLHV�
IURP� ��� IDPLOLHV� ZHUH� FROOHFWHG� �7DEOH� ����$OO� FROOHFWHG�
VDPSOHV� ZHUH� LGHQWL¿HG� DV� MXYHQLOHV� H[FHSW� IRU� Plotosus 
lineatus�DQG�Upeneus guttatus�IURP�3���WKDW�ZHUH�LGHQWL¿HG�
DV� DGXOW�� 6SHFLHV� ULFKQHVV� DQG� GLYHUVLW\� LQGH[� H[KLELWHG�
KLJK�YDULDELOLW\� DFURVV� VLWHV��6SHFLHV� ULFKQHVV�ZDV�KLJKHVW�
LQ�3������VSHFLHV��DQG�ORZHVW�LQ�WKH�ROGHVW�SODQWDWLRQ��3����
���VSHFLHV���'LYHUVLW\�LQGH[�ZDV�KLJKHVW�LQ�3����������DQG�
ORZHVW�LQ�3����������

)LVK�DEXQGDQFH�DQG�ELRPDVV

)LVK� DEXQGDQFH� DQG� ELRPDVV� KLJKO\� YDULHG� DFURVV�
VLWHV� �DV� UHSUHVHQWHG� E\� KLJK� VWDQGDUG� GHYLDWLRQ�� DQG� GLG�
QRW� VKRZ� FOHDU� SDWWHUQ� ZLWK� DJH� RI� WKH� PDQJURYH� VWDQGV�
�7DEOH� ���� +LJKHVW� ¿VK� ELRPDVV� ZDV� REVHUYHG� LQ� 3�� ����
�������J�P���G���� IROORZHG�E\�3����������������J�P���G�����
3���������������J�P���G�����3����������������J�P���G����DQG�
3�������������J�P���G�����7KH�\RXQJHVW�SODQWDWLRQ�REWDLQHG�
WKH� KLJKHVW� ¿VK� DEXQGDQFH� ����� �� ���� 7KH� GRPLQDQW�
VSHFLHV��ERWK�E\�DEXQGDQFH�DQG�E\�ELRPDVV��DUH�IURP�WKH�
IDPLOLHV�$PEDVVLGDH��$SRJRQLGDH��$WKHULQLGDH��*RELLGDH��
+HPLUKDPSKLGDH�DQG�7HWUDRGRQWLGDH��

'LIIHUHQW�¿VK�VSHFLHV�GRPLQDWHG�LQ�GLIIHUHQW�PDQJURYH�
VWDQGV��Hyporhamphus dussumieri�ZDV� WKH�PRVW�DEXQGDQW�
VSHFLHV�LQ�3������������3�����������DQG�3�������������,Q�
3����Arothron manilensis� ZDV� WKH�PRVW� DEXQGDQW� VSHFLHV�
���������IROORZHG�FORVHO\�E\�P. lineatus�����������Siganus 
fuscescens� ��������� DQG� Sphyraena barracuda� ����������
,Q�3����Atherinomorous lacunosus KDV�WKH�KLJKHVW�UHODWLYH�
DEXQGDQFH�����������$OPRVW�VLPLODU�SDWWHUQV�ZHUH�REVHUYHG�
LQ�UHODWLYH�ELRPDVV�ZKHUHLQ�H. dussumieri�GRPLQDWHG�LQ�3��
��������� DQG�3��� ���������ZKLOH�A. lacunosus SUHYDLOHG�
LQ�3�������������7KH�VSHFLHV�A. manilensis DQG�Conger�VS��
KDYH� WKH�KLJKHVW� UHODWLYH�ELRPDVV� LQ�3�����������DQG�3���
����������

7URSKLF�FDWHJRU\

7KH�WURSKLF�FDWHJRULHV�RI�UHFRUGHG�¿VK�VSHFLHV�LQFOXGHG�
FDUQLYRUHV��GHWULWLYRUHV��KHUELYRUHV�DQG�RPQLYRUHV��)LJXUH�
2���$�JHQHUDO�SDWWHUQ�RI�FKDQJHV�LQ�WURSKLF�FDWHJRULHV�ZLWK�
DJH� RI� PDQJURYH� VWDQGV� FDQ� EH� LQIHUUHG�� $OO� PDQJURYH�
VWDQGV�KDYH�KLJK�SURSRUWLRQ�RI�FDUQLYRUHV�EXW�ZLWK�YDU\LQJ�
DPRXQW�� 7KH� \RXQJHVW� SODQWDWLRQ� KDV� KLJK� SURSRUWLRQ� RI�
FDUQLYRUH�������������������DQG�KHUELYRUH�VSHFLHV��������
������������2WKHU�SODQWDWLRQV�RI�LQWHUPHGLDWH�DJH��3���3���

DQG�3����ZHUH�DOVR�GRPLQDWHG�E\�FDUQLYRUHV�����������EXW�
VKRZHG� D� PL[WXUH� RI� RPQLYRUHV� DQG� GHWULWLYRUHV� DV� ZHOO�
�UDQJH�����������&DUQLYRURXV�VSHFLHV�GRPLQDWHG�LQ�DOO�VLWHV�
EXW�ZDV�PRVW� GRPLQDQW� LQ� WKH� ROGHVW� VWDQG� �3���� ������ ��
��������

+DELWDW�SUHIHUHQFH

7KH�KDELWDW�SUHIHUHQFH�RI�UHFRUGHG�¿VK�VSHFLHV�YDULHG�
DFURVV�SODQWDWLRQ�DJHV��)LJXUH�����0RUH�WKDQ�KDOI�RI�WKH�¿VK�
FROOHFWHG� LQ� 3�� DQG� 3��� DUH�PDQJURYH�DVVRFLDWHG� VSHFLHV��
,Q�3��DQG�3����WKHUH�DUH�PRUH�UHHI�DVVRFLDWHG�VSHFLHV�WKDQ�
WKH� PDQJURYH�DVVRFLDWHG� VSHFLHV�� 5HHI�DVVRFLDWHG� VSHFLHV�
KDG� WKH�KLJKHVW�SURSRUWLRQ� LQ� WKH�\RXQJHVW�SODQWDWLRQ� �3���
���������������,Q�FRQWUDVW��WKH�PDQJURYH�DVVRFLDWHG�VSHFLHV�
GRPLQDWHG�LQ�WKH�ROGHVW�SODQWDWLRQ��3������������������
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Figure 2. Trophic composition (A: Carnivore; B: Detritivore; 
&�� +HUELYRUH�� DQG� '�� 2PQLYRUH�� RI� ¿VK� VSHFLHV�
from different mangrove stands. The carnivore 
species have high proportion (at least 50 %) in all 
sites but have varying dominance with mangrove 
stand ages. Other trophic categories have minimal 
contribution (< 30 %).
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Table 1. Fish species with relative density (%) and relative biomass (%) recorded from each mangrove stand. There were 
no apparent trends on species abundance and biomass with stand age. However, certain species appear to be 
more abundant in younger stands (e.g. Hyporhamphus dussumieri) and there are species that are more dominant 
in older stands (e.g. Atherinomorus lacunosus).

(YDOXDWLQJ�SDWWHUQV�RI�¿VK�DVVHPEODJH�FKDQJHV

)DPLO\ 6SHFLHV 5HODWLYH�GHQVLW\��� 5HODWLYH�ELRPDVV���
  P7        P9       P11      P12      P19   P7        P9        P11      P12       P19

$PEDVVLGDH
$QWHQQDULGDH
$SRJRQLGDH
$WKHULQLGDH

%OHQQLLGDH

&KDQLGDH
&OXSHLGDH
&OXSHLGDH

(SKLSSLGDH
*HUUHLGDH

*RELLGDH

+HPLUKDPSKLGDH
/HWKULQLGDH

/XWMDQLGDH
0XJLOLGDH
0XOOLGDH

3ODW\FHSKDOLGDH

3ORWRVLGDH
6LJDQLGDH

6ROHLGDH
6SK\UDHQLGDH
7HUDSRQWLGDH

7HWUDRGRQWLGDH

Ambassis VS�
Histrio histrio
Apogon fraenatus
Atherinomorus lacunosus
Atherina VS�
Blenny VS��1
Blenny VS� 2
Chanos chanos
Clupeidae VS�
Conger cinereus
Conger VS��1
Conger VS��2
Conger VS��3
Platax orbicularis
Gerres oblongus
Gerres VS��1
Gerres VS��2
Exyrias puntang
Goby VS� 1
Goby VS� 2
Goby VS��3
Goby VS� 4
Goby VS� 5
Goby VS� 6
Oplopomus caninoides
Yongeichthys criniger
Hyporhamphus dussumieri
Lethrinus harak
Lethrinus VS�
/XWMDQXV�IXOYLÀDPQD
Valamugil�VS�
Upeneus guttatus
Upeneus tragula
Cymbacephalus beauforti
Platycephalus VS� 1
Platycephalus VS� 2
Platycephalus VS��3
Platycephalus VS� 4
Plotosus lineatus
Siganus fuscescens
Siganus guttatus
Siganus sp.
Siganus virgatus
Synaptura marginata
Sphyraena barracuda
Pelates quadrilineatus
Terapon jarbua
Arothron hispidus
Arothron manilensis
Chelonodon patoca
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Species richness, S                                                               18         24        13        15         14
Diversity index, H’                                                               2.3       2.3       1.0       2.3        1.6
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PDQJURYH�VWDQGV�RI�GLIIHUHQW�DJHV�LQ�WKH�FRXQWU\��0DQJURYHV�
DUH� NQRZQ� WR� DWWUDFW� ¿VKHV� EHFDXVH� RI� WKH� VWUXFWXUDO�
FRPSOH[LW\��UHIXJH�DQG�IRRG�WKDW�LW�SURYLGHV��Robertson and 
Duke 1987; Parrish1989; Nagelkerken et al. 2008���3ODQWHG�
PDQJURYHV� DUH� H[SHFWHG� WR� SURYLGH� WKH� VLPLODU� HFRORJLFDO�
IXQFWLRQ� �Salmo III et al. 2007���7KH� SRWHQWLDO� WR� LQFUHDVH�
¿VK� DEXQGDQFH� DQG� ELRPDVV� KDV� EHHQ� HVVHQWLDOO\� RQH� RI�
WKH� SULPDU\� PRWLYDWLRQV� LQ� WKH� SUROLIHUDWLRQ� RI� PDQJURYH�
UHKDELOLWDWLRQ� SURJUDPV� LQ� WKH� 3KLOLSSLQHV� �Salmo III and 
Duke 2010��� %XW� VWXGLHV� WKDW� HYDOXDWH� LPSDFWV� RI� SODQWHG�
PDQJURYHV� LQ� HQKDQFLQJ� ¿VK� DVVHPEODJH� DUH� VWLOO� UDUH��
FDVWLQJ� GRXEWV� ZKHWKHU� WKHVH� UHKDELOLWDWLRQ� SURJUDPV� DUH�
UHDOO\�HIIHFWLYH�RU�QRW�

)LVK� VSHFLHV� FRPSRVLWLRQ�� DEXQGDQFH� DQG� ELRPDVV� QRW�
FRUUHODWHG�ZLWK�PDQJURYH�DJH

7KH����¿VK�VSHFLHV��IURP����IDPLOLHV��ZH�FROOHFWHG�LQ�
/LQJD\HQ�*XOI�DUH�KLJKHU�WKDQ�WKH�¿VK�VSHFLHV�GRFXPHQWHG�
IURP� 3DJELODR� PDQJURYHV� �6RXWK� /X]RQ�� ��� VSHFLHV��
Ronnback et al. 1999���$OPRVW�DOO�FROOHFWHG�¿VK�VSHFLHV�DUH�
DW� WKHLU� MXYHQLOH� VWDJH� FRQVLVWHQW� ZLWK� VHYHUDO� VWXGLHV� WKDW�
VXJJHVW�PDQJURYHV�DV�DQ�HIIHFWLYH�QXUVHU\�JURXQGV�WR�PDQ\�
MXYHQLOH� ¿VK� VSHFLHV� �Robertson and Duke 1987; Crona 
and Ronnback 2007; Bosire et al. 2008��� 7KH� GRPLQDQW�
VSHFLHV� �ERWK� E\� DEXQGDQFH� DQG� ELRPDVV�� DUH� IURP� WKH�
IDPLOLHV�$PEDVVLGDH��$SRJRQLGDH��$WKHULQLGDH�� *RELLGDH��
+HPLUKDPSKLGDH� DQG� 7HWUDRGRQWLGDH�� 7KHVH� VSHFLHV� DUH�
WKH� W\SLFDO� VSHFLHV� WKDW� LQKDELW� WURSLFDO� PDQJURYH� IRUHVWV�
�VHH�IRU�H[DPSOH�Ronnback et al. 1999; Feutry et al. 2010���

$FURVV�VLWHV��WKH�PHDQ�¿VK�DEXQGDQFH�DQG�ELRPDVV�DUH�
KLJKHU�E\�DW�OHDVW�¿YH�IROGV�IURP�WKH�UHSRUWHG�¿VK�FDWFK�LQ�
3DJELODR�PDQJURYHV� �Ronnback et al. 1999���7KH� VWXG\�RI�
Ronnback et al.� �1999��XVHG� VWDNH�QHW�PHWKRG� LQ�GLIIHUHQW�
PDQJURYH�VSHFLHV��ZLWK�Avicennia marina�DQG�Rhizophora 
apiculata VWDQGV��DQG�JHRJUDSKLFDO�VHWWLQJV��PRVWO\�ORFDWHG�LQ�
FRYHV���%XW�FRQWUDU\�WR�ZKDW�LV�H[SHFWHG�LQ�SODQWHG�PDQJURYHV��
RXU� VWXG\� VKRZHG� QR� FOHDU� SDWWHUQV� LQ� ¿VK� DVVHPEODJH�
ZLWK� DJH� RI� WKH� PDQJURYH� VWDQGV�� ,Q� IDFW�� WKH� \RXQJHU�
PDQJURYH�VWDQGV�KDYH�KLJKHU�¿VK�VSHFLHV�GLYHUVLW\��VSHFLHV�
ULFKQHVV�� DEXQGDQFH� DQG� ELRPDVV� WKDQ� WKH� ROGHVW� VWDQGV�

&DUQLYRURXV�DQG�PDQJURYH�DVVRFLDWHG�VSHFLHV�GRPLQDWH�
LQ�WKH�ROGHVW�PDQJURYH�VWDQGV

7KH�WURSKLF�FDWHJRULHV�RI�FDXJKW�¿VK�VSHFLHV�YDULHG�LQ�
\RXQJ�DQG�LQWHUPHGLDWH�DJHG�PDQJURYH�VWDQGV��7KH�WURSKLF�
FRPSRVLWLRQV� LQ� \RXQJ� DQG� LQWHUPHGLDWH�DJH� VWDQGV� ��� ���
\UV�� DUH� D� PL[WXUH� RI� GHWULWLYRUHV�� RPQLYRUHV�� KHUELYRUHV�
DQG� FDUQLYRUHV��%XW� LQ� WKH�PRVW�PDWXUH� VWDQGV�� FDUQLYRUHV�
GRPLQDWH�WKH�VSHFLHV�FRPSRVLWLRQ��&RQYHUVHO\��FDUQLYRURXV�
VSHFLHV� H[KLELWV� ORZ� DEXQGDQFH� LQ� \RXQJ� PDQJURYH�
VWDQGV��ZKLFK�ZDV�VLPLODUO\�REVHUYHG� LQ�3DJELODR��4XH]RQ�
�Ronnback et al. 1999��

)LVK�DVVHPEODJHV

7KH� 6,03(5� $QDO\VLV� LGHQWL¿HG� WKH� ¿VK� VSHFLHV�
WKDW�FRQWULEXWHG�PRVW� WR� WKH�VLPLODULWLHV�DQG�GLVVLPLODULWLHV�
EHWZHHQ�DQG�DPRQJ�PDQJURYH�VWDQGV��)LJXUH�����7ZR�PDMRU�
FOXVWHUV�RQ�¿VK�DVVHPEODJHV�FDQ�EH�LQIHUUHG��WKH�PDWXUH�JURXS�
�3����DQG�WKH�\RXQJ�JURXS��3���3���3���DQG�3�����7KH�ROGHVW�
SODQWDWLRQ�ZDV�FOHDUO\�VHSDUDWHG�IURP�WKH�\RXQJ�SODQWDWLRQV�
���� �� GLVVLPLODULW\��� <RXQJ� SODQWDWLRQV� ZHUH� IXUWKHU�
VXEGLYLGHG�LQWR�WZR�JURXSV��3��DQG�3��������GLVVLPLODULW\���
DQG�3���DQG�3����LQWHUPHGLDWH�DJH�VWDQGV�������GLVVLPLODULW\��

7KHUH�ZHUH�QR�FRQVLVWHQW�SDWWHUQV�LQ�WKH�VLPLODULWLHV�DQG�
GLVVLPLODULWLHV�RI�VWDQG�GLVFULPLQDWLQJ�¿VK�VSHFLHV�EHWZHHQ�
DQG� DPRQJ�PDQJURYH� VWDQG� DJHV��+RZHYHU�� VRPH� JHQHUDO�
SDWWHUQV�FDQ�EH� LQIHUUHG��7KH�VSHFLHV�A. manilensis� DQG�A. 
fraenatus RFFXUUHG�LQ�DOO�VWDQGV�EXW�KDYH�GHFUHDVHG�GRPLQDQFH�
DV� PDQJURYH� VWDQG� DJH� LQFUHDVHG�� 7KH� LQWHUPHGLDWH�DJHG�
VWDQGV�KDYH�PL[WXUH�RI�H. dussumieri��Ambassis�VS���Goby 
VS���S. fuscescens��S. marginata��DQG�G. oblongus��7KH�VSHFLHV�
A. lacunosus��Goby VS��DQG�H. dussumieri�RFFXUUHG�LQ�PRVW�
VLWHV�EXW�KDYH�LQFUHDVHG�GRPLQDQFH�DV�VWDQG�DJH�LQFUHDVHG�

',6&866,21

7KH�VWXG\�SURYLGH�QHZ�DQG�YDOXDEOH�LQIRUPDWLRQ�WKDW�
FRXOG� EH� XVHG� LQ� DVVHVVLQJ� LPSDFWV� RI�PDQJURYH� SODQWLQJ�
SURJUDPV�LQ�WHUPV�RI�LWV�UHODWLRQVKLS�ZLWK�¿VK�DVVHPEODJHV���
7R� WKH�NQRZOHGJH�RI� WKH�UHVHDUFKHUV�� WKLV� LV� WKH�¿UVW�VWXG\�
WKDW�HYDOXDWHV�WKH�GLIIHUHQFHV�LQ�¿VK�DVVHPEODJHV�LQ�SODQWHG�
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)LJXUH� ���+DELWDW� SUHIHUHQFH� RI� FROOHFWHG� ¿VK� VSHFLHV�� �$��
mangrove-associated; (B) reef-associated. 
Mangrove-associated species are more dominant 
in the youngest and oldest plantation, while reef-
associated (B) species are more dominant in the 
intermediate-aged plantations.
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WKH� FDWDGURPRXV� VSHFLHV� EDUUDPXQGL�� Lates calcalifer�
�%ORFK���PLJUDWH� IURP� LQODQG� IUHVKZDWHUV� WR� HVWXDULHV� DQG�
PDQJURYHV� GXULQJ� VSDZQLQJ� �Russell and Rimmer, 2004���
7KHUH�DUH�DOVR�VRPH�¿VK�VSHFLHV� WKDW�FRPSOHWH� WKHLU�HQWLUH�
OLIH� F\FOH� LQ� HVWXDULHV� QHDU� PDQJURYHV� �H�J��� PHPEHUV� RI�
WKH� *RELLGDH� DQG� $WKHULQLGDH��� &HUWDLQ� ¿VK� VSHFLHV� VXFK�
DV� Mugil cephalus�� Sillago VSS�� DQG� Platycephalus VSS��
VSDZQ�RIIVKRUH��7KHLU�HJJV�DUH�WKHQ�FDUULHG�E\�FXUUHQWV��DQG�
HYHQWXDOO\��WKHLU�SRVW�ODUYDO�RU�HDUO\�MXYHQLOH�VWDJHV�VHWWOH�LQ�
HVWXDULHV�DQG�PDQJURYHV��Manson et al. 2005���

$OWHUQDWLYHO\��WKH�KDELWDW�SUHIHUHQFH�RI�WKH�FDXJKW�¿VK�
VSHFLHV�FDQ�EH�H[SODLQHG�E\� ORFDOL]HG� VLWH�GLIIHUHQFHV� �L�H��
SUR[LPLW\� WR� UHHI� DQG� ULYHULQH� V\VWHPV�� ZKHUH� SDUWLFXODU�
WURSKLF�JURXS�RI�VSHFLHV�QDWXUDOO\�WKULYH��1RWDEO\��PDQJURYH�
VWDQGV�ZLWK�QHDUE\�UHHIV������NP�LQ���������DQG����\U�VWDQGV��
REWDLQHG�PRUH�UHHI�DVVRFLDWHG�VSHFLHV�ZKLOH�VLWH�ORFDWHG�LQ�
D� ED\� �DW� OHDVW� !� �� NP� IURP� UHHI�� ���\U� VWDQGV�� KDV�PRUH�
ULYHULQH�DVVRFLDWHG�VSHFLHV�

)LVK�DVVHPEODJH�VKLIWV�ZLWK�DJH�RI�PDQJURYH�VWDQGV�EXW�
LV�ZHDNO\�FRUUHODWHG

:KLOH� WKH� VWXG\� GLG� QRW� ¿QG� FRQVLVWHQW� SDWWHUQV� LQ�
FKDQJHV�LQ�¿VK�VSHFLHV�FRPSRVLWLRQ��DEXQGDQFH��DQG�ELRPDVV�
ZLWK� DJH� RI� PDQJURYH� VWDQGV�� WKH� FOXVWHU� DQG� 6,03(5�
DQDO\VHV�KRZHYHU�LQGLFDWHG�JHQHUDO�JURXSLQJV�RI�PDQJURYH�
VWDQGV��)LJXUH�����$OWKRXJK�ZHDNO\�HYLGHQW��D�SRVVLEOH�VKLIW�

 
 P7       

P9
 

66.51%       

A. manilensis Ambassis sp.       
A. fraenatus G. oblongus       
A. lacunosus Gerres sp.       
Atherina sp. Goby sp.       
S. fuscescens S. fuscescens P9     

 71.86% 70.31%     

P1
1 

H. dussumieri P. lineatus H. dussumieri A. manilensis     

A. fraenatus S. barracuda Ambassis sp. P. lineatus     
A. lacunosus G. oblongus Goby sp. S. barracuda     
Atherina sp. Goby sp. S. fuscescens S. fuscescens     
E. puntang Y. criniger S. marginata Y. criniger P11   

 58.27% 62.80% 67.62%   

P1
2 

A. manilensis Goby sp. H. dussumieri H. dussumieri A. manilensis H. dussumieri   

A. fraenatus C. chanos Ambassis sp. Goby sp. P. lineatus Goby sp.   
A. lacunosus Y. criniger G. oblongus C. chanos S. barracuda C. chanos   
Atherina sp. A. fraenatus Gerres sp. A. fraenatus Goby sp. A. fraenatus   
L. harak Ambassis sp. Goby sp. Y. criniger C. cinereus Ambassis sp. P12 

 81.42% 79.26% 90.54% 56.61% 

P1
9 

H. dussumieri A. lacunosus H. dussumieri H. dussumieri A. manilensis A. lacunosus H. dussumieri A. lacunosus 

A. manilensis Goby sp. Ambassis sp. Goby sp. P. lineatus Goby sp. Goby sp. Goby sp. 
A. fraenatus Platycephalus sp. G. oblongus Platycephalus sp. S. fuscescens Goby sp. 2 C. chanos Platycephalus sp. 
A. lacunosus Ambassis sp. Gerres sp. Ambassis sp. S. barracuda Platycephalus sp. A. fraenatus H. dussumieri 
Atherina sp. Blenny sp. S. fuscescens Blenny sp. C. cinereus Ambassis sp. S. fuscescens A. fraenatus 

)LJXUH����6XPPDU\�UHVXOWV�RI�6,03(5�DQG�FOXVWHU�DQDO\VHV�VKRZLQJ�WKH�¿VK�VSHFLHV�WKDW�FRQWULEXWHG�PRVW�VWURQJO\�WR�WKH�
similarities (left) and dissimilarities (right) between and among mangrove stand ages. Species are listed in order 
of their contribution of similarities and dissimilarities. The percentages indicate the dissimilarities between the two 
compared mangrove stands.

7KH�UHVHDUFKHUV�VXVSHFWHG�WKDW�UHVLGHQW�VSHFLHV��WKRVH�
VSHFLHV� WKDW� DUH� NQRZQ� WR� EH� PDQJURYH�GZHOOHUV�� ZRXOG�
WHQG�WR�EHFRPH�PRUH�DEXQGDQW�ZLWK�DJH�RI�PDQJURYH�VWDQGV��
$PRQJ� UHVLGHQW� VSHFLHV�� WKH� ORQJHU�OLYHG� VSHFLHV� �PRVWO\�
WKH�FDUQLYRUHV��ZRXOG�WHQG�WR�EH�PRUH�GRPLQDQW�LQ�WKH�ROGHU�
VWDQGV�� &DUQLYRURXV� VSHFLHV� DUH� NQRZQ� WR� EH� ORQJ�OLYHG�
VSHFLHV� �P. Aliño, pers. comm.��� ,W� FRXOG� EH� SRVVLEOH� WKDW�
FDUQLYRURXV�VSHFLHV�SUHIHU�PDWXUH�PDQJURYHV�GXH�WR�KLJKHU�
DYDLODELOLW\� RI� IRRG� DV� FRPSDUHG� WR� \RXQJ�� GHYHORSLQJ�
PDQJURYH�VWDQGV�

7KHUH�ZDV�QR�FRQVLVWHQW�SDWWHUQ�RQ�KDELWDW�SUHIHUHQFH�
RI�¿VK�ZLWK�DJH�RI�PDQJURYH�VWDQGV��0DQJURYH�DVVRFLDWHG�
VSHFLHV�GRPLQDWHV�LQ�ERWK�WKH�\RXQJHVW�DQG�WKH�PRVW�PDWXUH�
SODQWDWLRQ� ZKLOH� UHHI�DVVRFLDWHG� VSHFLHV� KDYH� UHODWLYHO\�
KLJKHU� GRPLQDQFH� LQ� WKH� \RXQJHU� SODQWDWLRQV�� +RZHYHU��
\RXQJHU� PDQJURYH� VWDQGV� VHHP� WR� DWWUDFW� PRUH� JHQHUDOLVW�
VSHFLHV� �L�H�� VSHFLHV� WKDW� DUH� QRW� H[FOXVLYHO\� PDQJURYH�
GHSHQGHQW�� EXW� WHQG� WR� KDYH� PRUH� PDQJURYH�DVVRFLDWHG�
VSHFLHV� LQ� PDWXUH� PDQJURYHV�� 7KLV� SDWWHUQ� SUREDEO\�
LQGLFDWHV�WKDW�FHUWDLQ�¿VK�ZLOO�GRPLQDWH�DV�PDQJURYHV�JURZ�
DQG�GHYHORS��0DQ\�RI�WKHVH�VSHFLHV�PLJKW�VKRZ�RQWRJHQHWLF�
VKLIWV� LQ� KDELWDW� SUHIHUHQFH� DV� WKH\� JURZ�� SUREDEO\� DV� D�
UHVSRQVH� WR� LQFUHDVLQJ�DYDLODELOLW\�RI� IRRG�DQG�FRPSOH[LW\�
RI�IRUHVW�VWUXFWXUH��

'LIIHUHQW�¿VK�VSHFLHV�PD\�XVH�PDQJURYH�DV�D�QXUVHU\�
JURXQG�DW�GLIIHUHQW�VWDJHV�RI�WKHLU�OLIH�F\FOHV��)RU�H[DPSOH��

(YDOXDWLQJ�SDWWHUQV�RI�¿VK�DVVHPEODJH�FKDQJHV



LQ� ¿VK� DVVHPEODJHV� ZLWK� DJH� RI� PDQJURYH� VWDQGV� FDQ� EH
LQIHUUHG�� ,W� LV� VXVSHFWHG� WKRXJK� WKDW� VXFK� VKLIW� LQ� ¿VK�
DVVHPEODJHV�LV�QRW�PDLQO\�UHODWHG�WR�WKH�DJH�QRU�WKH�SUHVHQFH�
RI�WKH�PDQJURYH�VWDQGV�SHU�VH�EXW�UDWKHU�ZLWK�RWKHU�LQKHUHQW�
ORFDOL]HG�HQYLURQPHQWDO� IDFWRUV��7KH�SUR[LPLW\�RI� WKH� UHHI�
WR� WKH�\RXQJ�DQG� LQWHUPHGLDWH�DJH� VWDQGV� ����� ���� DQG����
\U� VWDQGV�� SUREDEO\� LQÀXHQFHG� WKH� FRPSRVLWLRQ� RI� UHHI�
DVVRFLDWHG� FDWFK�� 6LPLODUO\�� WKH� ���\U� DQG� ���\U� VWDQGV�
WKDW�DUH� ORFDWHG�QHDU�DQ�HVWXDU\��REWDLQHG�PRUH�PDQJURYH�
DVVRFLDWHG�VSHFLHV��

,Q� WKH� 3KLOLSSLQHV�� PRVW� SODQWHG� PDQJURYHV� DUH�
PRQRVSHFL¿F� DQG� KDYH� VWXQWHG� JURZWK� �Samson and 
Rollon 2008; Salmo III and Duke 2010��� 7KXV�� KDELWDW�
FRPSOH[LW\� LV� UHGXFHG� DV� FRPSDUHG� WR� QDWXUDO� PDQJURYH�
VWDQGV��,W�LV�DOVR�SRVVLEOH�WKDW�VLQFH�SODQWHG�PDQJURYHV�FDQ�
UHVHPEOH� WKH� YHJHWDWLRQ� DQG� VRLO� FKDUDFWHULVWLFV� RI� QDWXUDO�
VWDQGV�RQO\�DIWHU����\UV� �Salmo III 2011��� LW�PD\�SUREDEO\�
QHHG� WKH� VDPH� DPRXQW� RI� WLPH� IRU� SODQWHG� PDQJURYHV� WR�
HIIHFWLYHO\� SHUIRUP� LWV� HFRORJLFDO� IXQFWLRQ� DV� ¿VK� QXUVHU\�

7KHUH�DUH�FRQWUDVWLQJ�YLHZV�RQ�WKH�UHODWLRQVKLS��RU�ODFN�
WKHUHRI��EHWZHHQ�¿VK�DQG�PDQJURYHV��Nagelkerken and van 
der Velde 2004���7KH�GHSHQGHQF\�RI�¿VK�RQ�PDQJURYHV� LV�
TXHVWLRQHG� �VHH�Blaber 2007� IRU� H[DPSOH�� FLWLQJ� WKDW� ¿VK�
RQO\� XVH� WKH� VHDZDUG� IULQJH� RI� PDQJURYHV� �Halliday and 
Young 1996�� WR� IRUDJH� RU� VHHN� UHIXJH� IURP� SUHGDWLRQ� IRU�
D� OLPLWHG� WLPH� �L�H�� GXULQJ� KLJK� WLGH�� Lewis and Gillmore  
2007; Lugendo et al., 2007���8QOLNH�FUXVWDFHDQV�DQG�VKULPSV�
WKDW�KDYH�VWURQJHU�GHSHQGHQFH�RQ�RUJDQLF�GHWULWXV�SURGXFHG�
E\�PDQJURYHV�� ¿VKHV� DUH� FRQVLGHUHG� WUDQVLHQW� VSHFLHV� DQG�
PD\� RQO\� EH� SDUWLDOO\� GHSHQGHQW� RQ�PDQJURYHV� �Halliday 
and Young 1996��� )LVK� VSHFLHV� FDQ� PLJUDWH� WR� DGMDFHQW�
HFRV\VWHPV� OLNH� FRUDO� UHHIV� DQG� VHDJUDVV� EHGV� IRU� VKHOWHU�
DQG� IRRG�� ,Q� DGGLWLRQ�� Mumby et al.� �2004�� SURYHG� WKDW�
PDQJURYHV�SOD\�DQ�LPSRUWDQW�UROH�DV�DQ�LQWHUPHGLDWH�QXUVHU\�
KDELWDW�WR�LQFUHDVH�WKH�VXUYLYRUVKLS�RI�\RXQJ�¿VK��

,QKHUHQW� VLWH�VSHFL¿F� JHRJUDSKLF� DQG� HQYLURQPHQWDO�
FRQGLWLRQV� �H�J�� SUR[LPLW\� WR� UHHI� RU� HVWXDU\�� VDOLQLW\��
HOHYDWLRQ��DPRQJ�RWKHUV��SRVVLEO\�LQÀXHQFH�WKH�DYDLODELOLW\�
RI�¿VK�RQ�PDQJURYHV� �Nagelkerken et al. 2008; Salmo III 
2011��� ,Q� DGGLWLRQ�� WLGDO� LQXQGDWLRQ� LV� RQH� RI� WKH� NQRZQ�
IDFWRUV� WKDW� DIIHFW� WKH� OHQJWK� RI� VWD\� RI� ¿VK� LQ�PDQJURYHV�
�Ellis and Bell 2008���:KLOH�ZH�DFNQRZOHGJHG� WKH� UROH�RI�
HQYLURQPHQWDO� IDFWRUV� RQ� ¿VK� DVVHPEODJHV� LQ� PDQJURYHV��
WKHVH� IDFWRUV� DUH� EH\RQG� WKH� VFRSH� RI� WKLV� VWXG\�� :H�
VXJJHVW�WKDW�IXWXUH�VWXGLHV�WKDW�ZLOO�LQYHVWLJDWH�WKH�LPSDFWV�
RI� PDQJURYH� UHKDELOLWDWLRQ� SURJUDPV� VKRXOG� LQFRUSRUDWH�
WKH� FRQWULEXWLRQ� RI� HQYLURQPHQWDO� SDUDPHWHUV� RQ� ¿VK�
DVVHPEODJH��,Q�DGGLWLRQ��WKH�HIIHFWV�RI�WKH�GHVLJQ�RI�WKH�WUDS�
QHWV�XVHG��H�J��¿VK�DFWLYLW\�RU�PRELOLW\��VRDN�WLPH��DUH�VRPH�
RI�WKH�LPSRUWDQW�IDFWRUV�WKDW�QHHG�WR�EH�FRQVLGHUHG�

��

&21&/86,21�$1'�5(&200(1'$7,216

7KHUH�ZHUH�QR�FRQVLVWHQW�SDWWHUQV�LQ�WHUPV�RI�¿VK�VSHFLHV�
GLYHUVLW\�� DEXQGDQFH� DQG� ELRPDVV� ZLWK� DJH� RI� PDQJURYH�
VWDQGV� FRQWUDU\� WR� ZKDW� LV� H[SHFWHG�� <RXQJHU� PDQJURYH�
VWDQGV�KDYH�KLJKHU�¿VK� VSHFLHV� GLYHUVLW\�� VSHFLHV� ULFKQHVV��
DEXQGDQFH� DQG� ELRPDVV� WKDQ� WKH� PRUH� PDWXUH� VWDQGV�� ,Q�
WHUPV�RI�WURSKLF�FDWHJRU\�DQG�KDELWDW�SUHIHUHQFHV��WKHUH�ZDV�
KLJKHU�GRPLQDQFH�RI�FDUQLYRURXV�DQG�PDQJURYH�DVVRFLDWHG�
VSHFLHV�LQ�PDWXUH�VWDQGV��)LVK�VSHFLHV�PD\�VKRZ�RQWRJHQHWLF�
FKDQJHV�DV�WKH\�JURZ��WKXV��D�VKLIW�LQ�WKHLU�GLHW�DQG�KDELWDW�
SUHIHUHQFHV�FDQ�EH�H[SHFWHG��7KLV�FRXOG�EH�LQIHUUHG�DV�D�VKLIW�
LQ�¿VK�DVVHPEODJH�ZLWK�DJH�RI�WKH�PDQJURYH�VWDQGV��+RZHYHU��
¿VK�DVVHPEODJHV�LQ�PDQJURYHV�PD\�QRW�QHFHVVDULO\�EH�VROHO\�
LQÀXHQFHG�E\� WKH�DJH�RU�SUHVHQFH�RI�PDQJURYH� VWDQGV�EXW�
UDWKHU� FDQ� EH� DWWULEXWHG� WR� VRPH� ORFDOL]HG� HQYLURQPHQWDO�
IDFWRUV��H�J��SUR[LPLW\�WR�UHHI�RU�HVWXDU\��VDOLQLW\��HOHYDWLRQ��
WLGDO�KHLJKW��HWF��/RQJ�WHUP�VWXGLHV�IRFXVHG�ERWK�RQ�WHPSRUDO�
�PRQWK�RU� VHDVRQ�RI� VDPSOLQJ��DQG�VSDWLDO� �PRUH� UHSOLFDWH�
¿VK� WUDSV�� DVSHFWV� DUH� QHFHVVDU\� WR� GRFXPHQW� WUHQGV� RQ�
FKDQJHV�LQ�¿VK�DVVHPEODJH�DQG�LI�VXFK�FDQ�VHUYH�DV�D�SRVVLEOH�
LQGLFDWRU� RI� UHVWRUDWLRQ� WUDMHFWRU\� LQ� SODQWHG� PDQJURYHV�

5()(5(1&(6

$OOHQ��*���6WHHQH��5���+XPDQQ��3��DQG�'HORDFK��������5HHI�)LVKHV�
,GHQWL¿FDWLRQ�7URSLFDO�3DFL¿F��1HZ�:RUOG�3XEOLFDWLRQ�,QF��
86$��2G\VVH\�3XEOLVKLQJ�,QF��

%ODEHU�� 6�-�0�� ������0DQJURYHV� DQG� ¿VKHV�� LVVXHV� RI� GLYHUVLW\��
GHSHQGHQFH��DQG�GRJPD��%XOOHWLQ�RI�0DULQH�6FLHQFH��������
��������

%RVLUH�� -��2��� )��'DKGRXK�*XHEDV��0��:DOWRQ��%�,��&URQD��5�5��
/HZLV� ,,,�� &�� )LHOG�� -�*�� � .DLUR� DQG� 1�� .RHGDP�� ������
)XQFWLRQDOLW\�RI�UHVWRUHG�PDQJURYHV���D�UHYLHZ���
$TXDWLF�%RWDQ\�������������

&ODUNH��.�5��DQG�5�1��*RUOH\��������35,0(5�Y���XVHU�PDQXDO�
WXWRULDO��35,0(5�(��3O\PRXWK��8�.�

&ODUNH��.�5��DQG�5��:DUZLFN��������&KDQJH�LQ�PDULQH�FRPPXQLWLHV��
DQ�DSSURDFK�WR�VWDWLVWLFDO�DQDO\VLV�DQG�LQWHUSUHWDWLRQ���QG�HG��
3ULPHU�(��3O\PRXWK��8�.�

&URQD��%�� ,��� DQG� 3��5RQQEDFN�� ������&RPPXQLW\� VWUXFWXUH� DQG�
WHPSRUDO�YDULDELOLW\�RI�MXYHQLOH�¿VK�DVVHPEODJHV�LQ�QDWXUDO�
DQG�UHSODQWHG�PDQJURYHV��6RQQHUDWLD�DOED�� 6P��� RI�
*D]L�%D\��.HQ\D��(VWXDULQH��&RDVWDO�DQG�6KHOI�6FLHQFH�����
������

(OOLV�� :�/�� DQG� 6�6�� %HOO�� ������ 7LGDO� LQÀXHQFH� RQ� D� IULQJLQJ�
PDQJURYH�LQWHUWLGDO�¿VK�FRPPXQLW\�DV�REVHUYHG�E\�LQ�VLWX�
YLGHR�UHFRUGLQJ��LPSOLFDWLRQV�IRU�VWXGLHV�RI�WLGDOO\�PLJUDWLQJ�
QHNWRQ��0DULQH�(FRORJ\�3URJUHVV�6HULHV��������������

)$2��������)$2&/,0�±�ZRUOG�ZLGH�DJURFOLPDWLF�GDWD��9HUVLRQ�
��� )$2� ±� 6'51� �(QYLURQPHQW� DQG� 1DWXUDO� 5HVRXUFHV

Journal of Environmental Science and Management Volume 16 No. 1 (June 2013)



� 6HUYLFH���)$2��5RPH�

)URHVH�� 5��� DQG� 3DXO\�� '�� ������ ,Q�� )LVKEDVH�� :RUOGZLGH� ZHE�
HOHFWURQLF� SXEOLFDWLRQ�� KWWS���ZZZ�¿VKEDVH�RUJ�YHUVLRQ�
����������

)HXWU\��3���+�-��+DUWPDQQ��+��&DVDERQQHW� DQG�*��8PDxD�� ������
3UHOLPLQDU\�DQDO\VLV�RI�WKH�¿VK�VSHFLHV�RI�WKH�3DFL¿F�&HQWUDO�
$PHULFDQ�0DQJURYH�RI�=DQFXGR��*ROIR�'XOFH��&RVWD�5LFD��
:HWODQGV�(FRORJ\�DQG�0DQDJHPHQW����������������

+DOOLGD\��,�$��DQG�:��<RXQJ��������'HQVLW\��ELRPDVV�DQG�VSHFLHV�
FRPSRVLWLRQ� RI� ¿VK� LQ� D� VXEWURSLFDO� 5KL]RSKRUD� VW\ORVD�
PDQJURYH�IRUHVW��0DULQH�DQG�)UHVKZDWHU�5HVHDUFK���������
����

+X[KDP�� 0��� (�� .LPDQL�� (�� $XJOH\�� -��� ������
0DQJURYH� ¿VK�� D� FRPSDULVRQ� RI� FRPPXQLW\�
VWUXFWXUH� EHWZHHQ� IRUHVWHG� DQG� FOHDUHG� KDELWDWV��
(VWXDULQH�� &RDVWDO� DQG� 6KHOI� 6FLHQFH� ���� ��������

.XLWHU��5�+��	�+��'HEHOLXV��������:RUOG�DWODV�RI�PDULQH�¿VKHV��
,.$1�8QWHUZDVVHUDUFKLY��)UDQNIXUW������SS�

/HZLV��5��,,,�5��DQG�5�*��*LOOPRUH��������,PSRUWDQW�FRQVLGHUDWLRQV�
WR� DFKLHYH� VXFFHVVIXO� PDQJURYH� IRUHVW� UHVWRUDWLRQ� ZLWK�
RSWLPXP�¿VK�KDELWDW��%XOOHWLQ�RI�0DULQH�6FLHQFH��
���������������

/RQJ��-��%��DQG�&��*LUL��������0DSSLQJ�WKH�3KLOLSSLQHV¶�0DQJURYH�
)RUHVWV�8VLQJ�/DQGVDW�,PDJHU\��6HQVRUV���������������

/XJHQGR��%�5���,��1DJHONHUNHQ��*��.UXLWZDJHQ��*��YDQ�GHU�9HOGH�
DQG�<�'��0JD\D��������5HODWLYH�LPSRUWDQFH�RI�PDQJURYHV�DV�
IHHGLQJ�KDELWDWV�IRU�¿VKHV��D�FRPSDULVRQ�EHWZHHQ�PDQJURYH�
KDELWDWV�ZLWK�GLIIHUHQW�VHWWLQJV��%XOOHWLQ�RI�0DULQH�6FLHQFH�
���������������

0DQVRQ�� )�*��� 1�5�� /RQHUDJDQ�� *�$�� 6NLOOHWHU�� 6�5�� 3KLQQ��
������$Q� HYDOXDWLRQ� RI� WKH� HYLGHQFH� IRU� OLQNDJHV� EHWZHHQ�
PDQJURYHV� DQG� ¿VKHULHV�� D� V\QWKHVLV� RI� WKH� OLWHUDWXUH� DQG�
LGHQWL¿FDWLRQ� RI� UHVHDUFK� GLUHFWLRQV�� 2FHDQRJUDSK\� DQG�
0DULQH�%LRORJ\��$Q�$QQXDO�5HYLHZ��������������

0LFKHQHU�� :�.�� ������ 4XDQWLWDWLYHO\� HYDOXDWLQJ� UHVWRUDWLRQ�
H[SHULPHQWV�� UHVHDUFK� GHVLJQ�� VWDWLVWLFDO� DQDO\VLV�� DQG� GDWD�
PHDVXUHPHQW�FRQVLGHUDWLRQV��5HVWRUDWLRQ�(FRORJ\�����������
����

06,��������/LQJD\HQ�*XOI�5HVRXUFH�6WRFN�$VVHVVPHQW�7HUPLQDO�
5HSRUW�� 6XEPLWWHG� E\� WKH� 0DULQH� 6FLHQFH� ,QVWLWXWH� WR� WKH�
)LVKHULHV� 5HVRXUFH� 0DQDJHPHQW� 3URMHFW� RI� WKH� %XUHDX�
RI� )LVKHULHV� DQG� $TXDWLF� 5HVRXUFHV� �$'%� /RDQ� 1RV��
����������3+,�DQG��-%,&�/RDQ�1R��3+�±�3�����

0XPE\��3�-���$�-��(GZDUGV��-�(��$ULDV�*RQ]DOH]��.�&��/LQGHPDQ��
3�*��%ODFNZHOO��$��� *DOO��0�,��*RUF]\QVND��$�5��+DUERUQH��
&�/��3HVFRG��+��5HQNHQ��&�&��:DEQLW]�DQG� *�� /OHZHO\Q��
������ 0DQJURYHV� HQKDQFH� WKH� ELRPDVV� RI� FRUDO� UHHI� ¿VK�
FRPPXQLWLHV�LQ�WKH�&DULEEHDQ��1DWXUH��������������

1DJHONHUNHQ��,���6�-�0��%ODEHU��6��%RXLOORQ��3��*UHHQ��0��+D\ZRRG��
/�*��.LUWRQ�� -��2��0H\QHFNH�� -��3DZOLN��+�0��3HQURVH��$��
6DVHNXPDU�DQG�3�-��6RPHU¿HOG��������7KH�KDELWDW� IXQFWLRQ�
RI� PDQJURYHV� IRU� WHUUHVWULDO� DQG� PDULQH� IDXQD�� D� UHYLHZ��
$TXDWLF�%RWDQ\�������������

1DJHONHUNHQ�� ,�� DQG� *�� YDQ� GHU� 9HOGH�� ������ $UH� &DULEEHDQ�
PDQJURYHV�LPSRUWDQW�IHHGLQJ�JURXQGV�IRU� MXYHQLOH�UHHI�¿VK�
IURP� DGMDFHQW� VHDJUDVV� EHGV"� 0DULQH� (FRORJ\� 3URJUHVV�
6HULHV��������������

1DJHONHUNHQ�� ,�� HW� DO�������� ,PSRUWDQFH�RI�0DQJURYHV��6HDJUDVV�
%HGV�DQG�WKH�6KDOORZ�&RUDO�5HHI�DV�D�1XUVHU\�IRU�,PSRUWDQW�
&RUDO� 5HHI� )LVKHV�� 8VLQJ� D� 9LVXDO� &HQVXV� 7HFKQLTXH��
(VWXDULQH��&RDVWDO�DQG�6KHOI�6FLHQFH�����������

3DUULVK��-�'��������)LVK�FRPPXQLWLHV�RI�LQWHUDFWLQJ�VKDOORZ�ZDWHU�
KDELWDWV�LQ�WURSLFDO�� RFHDQLF� UHJLRQV�� 0DULQH� (FRORJLFDO�
3URJUHVV�6HULHV�������������

3LFNHWW��6�7�$��������6SDFH�IRU�WLPH�VXEVWLWXWLRQ�DV�DQ�DOWHUQDWLYH�
WR�ORQJ�WHUP�VWXGLHV��,Q��/LNHQV�*(��HG����/RQJ�WHUP�VWXGLHV�
LQ�HFRORJ\��DSSURDFKHV�DQG�DOWHUQDWLYHV��1HZ�<RUN��6SULQJHU�
9HUODJ��SS����������

3ULPDYHUD�� -�+�� ������0DQJURYHV�� ¿VKSRQGV�� DQG� WKH� TXHVW� IRU�
VXVWDLQDELOLW\��6FLHQFH�������������������

5REHUWVRQ��$�� ,��� DQG� 1�&�� 'XNH�� ������ 0DQJURYHV� DV� QXUVHU\�
VLWHV��FRPSDULVRQV�RI�WKH�DEXQGDQFH�DQG�VSHFLHV�FRPSRVLWLRQ�
RI�¿VK�DQG�FUXVWDFHDQV� LQ�PDQJURYHV�DQG�RWKHU�QHDU� VKRUH�
KDELWDWV�LQ�WURSLFDO�$XVWUDOLD��0DULQH�%LRORJ\��������������

5RQQEDFN�3���0��7URHOO��1��.DXWVN\�DQG� -��+��3ULPDYHUD��������
'LVWULEXWLRQ� SDWWHUQ� RI� VKULPSV� DQG� ¿VK� DPRQJ�$YLFHQQLD�
DQG�5KL]RSKRUD�PLFURKDELWDWV� LQ� WKH� 3DJELODR�PDQJURYHV��
3KLOLSSLQHV��(VWXDULQH��&RDVWDO� DQG�6KHOI�6FLHQFH���������
����

5XVVHOO� '�-�� DQG� 0�$�� 5LPPHU�� ������ 6WRFN� (QKDQFHPHQW� RI�
%DUUDPXQGL�LQ�$XVWUDOLD��,Q�� %DUWOH\�� '�� DQG� .�0�� /HEHU�
�HGV���� 0DULQH� 5DQFKLQJ�� )$2� )LVKHULHV� 7HFKQLFDO� 3DSHU��
1R�������)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ��5RPH��SS�����
�����

6DOPR��6��,,,�*��������(DUO\�SRVW�W\SKRRQ�HIIHFWV�RQ�WKH�UHVWRUDWLRQ�
WUDMHFWRU\�RI�SODQWHG��PDQJURYHV�� LPSOLFDWLRQV� IRU� IRUHVW�
GHYHORSPHQW� DQG� PDFURIDXQDO� FRPPXQLWLHV�� 3K�'��
'LVVHUWDWLRQ��7KH�8QLYHUVLW\�RI�4XHHQVODQG��$XVWUDOLD������
SS�

6DOPR�� 6�� ,,,� *�� DQG� 1�� 'XNH�� ������ (VWDEOLVKLQJ� PROOXVN�
FRORQL]DWLRQ�DQG�DVVHPEODJH��SDWWHUQV� LQ�SODQWHG�PDQJURYH�
VWDQGV� RI� GLIIHUHQW� DJHV� LQ� /LQJD\HQ� *XOI�� 3KLOLSSLQHV��
:HWODQGV�(FRORJ\�DQG�0DQDJHPHQW����������������

6DOPR��6��,,,�*���'�'��7RULR�DQG�-�0�$��(VWHEDQ��������(YDOXDWLRQ�
RI�5HKDELOLWDWLRQ�6WUDWHJLHV� DQG�0DQDJHPHQW�6FKHPHV� IRU�
WKH� ,PSURYHPHQW� RI� 0DQJURYH� 0DQDJHPHQW� 3URJUDPV� LQ�
/LQJD\HQ�*XOI��6FLHQFH�'LOLPDQ��������������

�� (YDOXDWLQJ�SDWWHUQV�RI�¿VK�DVVHPEODJH�FKDQJHV



��
6DPVRQ��0��DQG�5��5ROORQ��������*URZWK�SHUIRUPDQFH�RI�SODQWHG�

PDQJURYHV�LQ�WKH�3KLOLSSLQHV��5HYLVLWLQJ�IRUHVW�PDQDJHPHQW�
VWUDWHJLHV��$PELR����������������

:KLWH��$�7��DQG�$��&UX]��7ULQLGDG��������7KH�9DOXHV�RI�3KLOLSSLQH�
&RDVWDO�5HVRXUFHV��� :K\� 3URWHFWLRQ� DQG�0DQDJHPHQW� DUH�
&ULWLFDO��&RDVWDO�5HVRXUFH�0DQDJHPHQW�3URMHFW��&HEX�&LW\��
3KLOLSSLQHV��SS��������

$&.12:/('*0(17

:H� DUH� JUDWHIXO� WR� )RUG� )RXQGDWLRQ�,QWHUQDWLRQDO�
)HOORZVKLS� 3URJUDP� �)25'�,)3�� DQG� ,QWHUQDWLRQDO�
)RXQGDWLRQ� IRU� 6FLHQFH� �,)6�� '��������� IRU� SURYLGLQJ�
¿QDQFLDO�DVVLVWDQFH�WKURXJKRXW�WKH�VWXG\�SHULRG��'HDQ�)�2��
3HUH]�RI�&/68�±�&ROOHJH�RI�$JULFXOWXUH� IRU� WKH� ORJLVWLFDO�
VXSSRUW�� 3URI�� 0�'�� )RUWHV� DQG� VWDII� RI� 8306,�%0/� IRU�
WKH� ODE� VSDFH�� WKH�/RFDO�*RYHUQPHQW�8QLWV� DQG�PDQJURYH�
PDQDJHUV� LQ� WKH� PXQLFLSDOLWLHV� RI� %ROLQDR�� $QGD�� %DQL�
DQG� $ODPLQRV� IRU� DOORZLQJ� XV� WR� GR� WKLV� VWXG\� LQ� WKHLU�
UHVSHFWLYH� PDQJURYH� VLWHV�� -XQ� &DVWUHQFH� IRU� DVVLVWLQJ� LQ�
¿VK� LGHQWL¿FDWLRQ��DQG�-DFN�5HQJHO�DQG�7RPL�&RQ]DJD�IRU�
DVVLVWLQJ�LQ�WKH�¿HOG�VDPSOLQJ�
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