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'1$�%DUFRGLQJ�RI�5HG�-XQJOH�)RZOV��Gallus gallus philipensis�+DWFKLVXND��IURP�
'LIIHUHQW�0RXQWDLQV�$UHDV�LQ�WKH�3KLOLSSLQHV
2UYLOOH�/��%RQGRF�

$%675$&7

,QLWLDOO\� SURSRVHG� DV� D� JOREDO� VWDQGDUG� IRU� UDSLG� VSHFLHV� LGHQWL¿FDWLRQ�� '1$� EDUFRGHV� �F\WRFKURPH� F�
oxidase subunit I or COI in the mitochondrial genome) were determined to assess diversity and genetic distances 
among 25 red jungle fowls (Gallus gallus philipensis Hatchisuka) obtained from different mountain areas in 
23 provinces of 12 islands in the Philippines. Results of the evolutionary analyses using Kimura two-parameter 
model in MEGA5 indicated existence of two main evolutionary clades, and effectiveness of  DNA barcodes  in 
identifying and differentiatiang red jungle fowls between and within clades. Genbank-accessed COI sequences 
of three subspecies of red jungle fowls (Gallus gallus gallus, Gallus gallus bankiva, Gallus gallus spadiceus) 
and three Gallus species (G. lafayettei, G. sonneratii, G. varius) were clustered in the intermediate zone between 
differentiated populations of Philippine red jungle fowls, but more recently diverged with those in Clade A. 

Based on 627 positions from 25 COI sequences, average genetic distance among red jungle fowls was 0.254 
units, demonstrating close resemblance within clade, but greater divergence between clades (d>1). Genetic divergence 
within Clade A (d=0.294) was higher than Clade B (d=0.215). Moreover, pooled pair-wise genetic distance was not 
VLJQL¿FDQWO\�FRUUHODWHG� �3!������ZLWK�JHRJUDSKLFDO�GLVWDQFHV�DPRQJ�UHG� MXQJOH� IRZOV�EHWZHHQ�DQG�ZLWKLQ�FODGHV��

Evolutionary analysis of the DNA barcodes of Philippine red jungle fowls provided important information on 
genetic variability and population structure useful to support decisions on agrobiodiversity conservation and research 
in upland areas.

.H\�ZRUGV��DNA barcodes, evolutionary analysis, Philippine red jungle fowls
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7KH� UHG� MXQJOH� IRZO� LV� WKH� DQFHVWRU� RI� WKH� GRPHVWLF�
FKLFNHQ��DQG��WKRXJK�VFDUFHO\�UHFRJQL]HG�RQ�DQ�LQWHUQDWLRQDO�
OHYHO�� WKH\� FRQWULEXWH� VLJQL¿FDQWO\� WR� KRXVHKROG� IRRG�
VHFXULW\�LQ�6RXWKHDVW�$VLD��Shand 1997���5HG�MXQJOH�IRZOV�
DUH�RPQLYRURXV�DQG�FRQVXPH�D�YDULHW\�RI�LWHPV���H�J��JUDLQ��
ZHHG� VHHGV�� EHUULHV� HWF���� DV� ZHOO� DV� QXPHURXV� VSHFLHV� RI�
LQVHFWV� DQG� LQYHUWHEUDWHV�� 7KH\� DUH� IRXQG� LQ� WKH� VRXWKHUQ�
PRVW� SDUWV� RI� 6RXWKHDVW� $VLD� WR� WKH� LVODQGV� RI� 6XPDWUD��
DQG� -DYD� WR� %DOL�� 6XODZHVL� DQG� WKH� 3KLOLSSLQHV�� 0DOD\�
DUFKLSHODJR�� QRUWKHUQ� � DQG� HDVWHUQ� ,QGLD� DQG� +LPDOD\DQ�
IRRWKLOOV�RI�QRUWKHUQ��3DNLVWDQ�

7KH� PRQRSK\OHWLF� WKHRU\� WKDW� K\SRWKHVL]HV� WKH� UHG�
MXQJOH� IRZO� DV� WKH� PDLQ� SURJHQLWRU� RI� WKH� GRPHVWLFDWHG�
FKLFNHQ� LV� VXSSRUWHG� E\� DUFKDHRORJLFDO� GLVFRYHULHV� LQ� WKH�
,QGXV� 9DOOH\�� DQG� LQ� +HEHL� 3URYLQFH�� &KLQD� DV� HDUO\� DV�
����� %&� �West and Zhou 1988�� DQG� IXUWKHU� EROVWHUHG� E\�
PROHFXODU� HYLGHQFH� VXFK� DV� PLWRFKRQGULDO� FRQWURO� UHJLRQ�
VHTXHQFHV� �Fumihito et al. 1994; Fumihito et al. 1996��
DQG� QXFOHDU� PLFURVDWHOOLWH� GDWD� IURP� D� UDQJH� RI� FKLFNHQ�
SRSXODWLRQV��Hillel et al. 2003���7KH�FRQWLQHQWDO�SRSXODWLRQ�
RI� WKH�UHG�MXQJOH�IRZO�VXEVSHFLHV��Gallus gallus gallus�� LQ�
6RXWKHDVW�$VLD�ZDV�HYHQ�VXJJHVWHG�DV� WKH�VROH�DQFHVWRU�RI�
DOO� GRPHVWLF� FKLFNHQV� DQG� PLJKW� KDYH� RULJLQDWHG� IURP� D�
VLQJOH� GRPHVWLFDWLRQ� HYHQW� WKDW� RFFXUUHG� LQ� 7KDLODQG� DQG�

DGMDFHQW�UHJLRQV��Fumihito et al. 1994; Fumihito et al. 1996��

2Q�WKH�RWKHU�KDQG��PROHFXODU�HYLGHQFH�IRU�K\EULGL]DWLRQ�
EHWZHHQ� VSHFLHV� LQ� WKH�JHQXV�Gallus� UDLVHG� WKH�SRVVLELOLW\�
WKDW� WKH�RWKHU� MXQJOH�IRZO�VSHFLHV�ZHUH�DOVR�SURJHQLWRUV�RI�
WKH�GRPHVWLF�IRZO��Nishibori et al. 2005����L�H��SRO\SK\OHWLF�
WKHRU\���2WKHU�MXQJOH�IRZOV�LQ�WKH�Gallus JHQHUD�LQFOXGH�G. 
varius�6KDZ�������JUHHQ� MXQJOH�IRZO�� LQ�VRPH�,QGRQHVLDQ�
LVODQGV�� G. lafayettei �&H\ORQ� MXQJOH� IRZO�� LQ� 6UL� /DQND��
DQG� G. sonneratii 7HPPLQFN� ����� �JUH\� MXQJOH� IRZO�� LQ�
SHQLQVXODU� ,QGLD�� 6RPH� SRVVLEOH� SURJHQLWRUV� IURP� VHYHUDO�
Gallus� VXEVSHFLHV� DUH�� G. g. gallus /LQQDHXV� ����� LQ�
7KDLODQG� DQG� ,QGR�&KLQD��G. g. spadiceus� � LQ� %XUPD� DQG�
<XQQDQ�3URYLQFH��&KLQD��G. g. jabouillei LQ�6RXWKHUQ�&KLQD�
DQG�9LHWQDP��G. g. murghi�LQ�,QGLD��DQG�G. g. bankiva LQ�-DYD�
DQG� LWV� QHLJKERULQJ� LVODQGV� �0DGXUD�� .DQJHDQ�� %DZHDQ��
%DOL�� /RPERN�� 6XPEDZD�� )ORUHV� DQG� $ORU�� LQ� ,QGRQHVLD�
�Delacour 1977� Howard and Moore 1984� Crawford 1990� 
Crawford 1995��� 1XPHURXV� VWXGLHV� XVLQJ� PLFURVDWHOOLWHV��
JHQHUDOO\� KDYH� VKRZQ� WKDW� MXQJOH� IRZO� SRSXODWLRQV�� DQG�
WUDGLWLRQDO� XQVHOHFWHG� EUHHGV� DUH� ZLGHO\� KHWHURJHQHRXV�
SRSXODWLRQV� WKDW� PD\� LQFOXGH� D� ODUJH� SRUWLRQ� RI� WKH� WRWDO�
JHQHWLF�GLYHUVLW\��Rosenberg et al. 2001� Hillel et al. 2003� 
Granevitze et al. 2007���

��3URIHVVRU�����$QLPDO�DQG�'DLU\�6FLHQFHV�&OXVWHU��&ROOHJH�RI�$JULFXOWXUH��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�/RV�%DxRV��/DJXQD������3KLOLSSLQHV��(PDLO��RUYLOOHBERQGRF#
\DKRR�FRP



2
DNA Barcoding of Red Jungle Fowls

�,Q�WKH�3KLOLSSLQHV��UHG�MXQJOH�IRZOV��ORFDOO\�NQRZQ�DV�
³ODEX\R´�RU�WKH�ZLOG�W\SH�FKLFNHQV��Gallus gallus philipensis 
+DWFKLVXND�� DUH� SDUW� RI� WKH� LPSRUWDQW� GLYHUVLW\� LQ� PDQ\�
PRXQWDLQ�DUHDV�VFDWWHUHG�LQ�WKH�DUFKLSHODJR��7KHLU�H[LVWHQFH�
PD\�UHÀHFW�WKH�PRXQWDLQ�HFRORJ\¶V�FXUUHQW�VWDWXV��DQG�IXWXUH�
RSSRUWXQLWLHV�IRU�VXVWDLQDEOH�ODQG�XVH�DQG�UXUDO�GHYHORSPHQW�
LQ�XSODQG�FRPPXQLWLHV��([FHSW�IRU�WKH�SDSHU�E\�Masangkay 
et al.� �2010��� WKHUH� LV�PHDJUH�VFLHQWL¿F� LQIRUPDWLRQ�RQ� WKH�
3KLOLSSLQH�UHG�MXQJOH�IRZO��

,Q� WKLV� VWXG\�� '1$� EDUFRGHV� SURSRVHG� E\� Hebert 
et al.� �2003�� DV� D� WRRO� IRU� UDSLG� VSHFLH� LGHQWL¿FDWLRQ�ZHUH�
GHWHUPLQHG� WR� DVVHVV� JHQHWLF� GLYHUVLW\� DQG� GLVWDQFH� RI� UHG�
MXQJOH� IRZOV� WDNHQ� IURP� GLIIHUHQW� PRXQWDLQ� DUHDV� LQ� WKH�
3KLOLSSLQHV�� 3KLOLSSLQH� UHG� MXQJOH� IRZOV� ZHUH� OLNHZLVH�
FRPSDUHG�ZLWK� WKUHH� VXEVSHFLHV� RI� MXQJOH� IRZOV� DQG� WKUHH�
*DOOXV� VSHFLHV� ZKRVH� &2,� VHTXHQFHV� ZHUH� GHULYHG� IURP�
*HQ%DQN��7KH�VWXG\�DOVR�DLPHG�WR�HYDOXDWH�WKH�FRUUHODWLRQ�RI�
SRROHG�SDLU�ZLVH�JHQHWLF�GLVWDQFH�XVLQJ�'1$�EDUFRGHV�ZLWK�
HVWLPDWHG� JHRJUDSKLFDO� GLVWDQFH� DQG� VRPH� PRUSKRPHWULF�
PHDVXUHPHQWV�RI�3KLOLSSLQH�UHG�MXQJOH�IRZOV��

MATERIALS AND METHODS

$�WRWDO�RI����UHG�MXQJOH�IRZOV�FDSWXUHG�IURP�GLIIHUHQW�
PRXQWDLQ� DUHDV� LQ� ��� SURYLQFHV� DQG� ��� LVODQGV� LQ� WKH�
3KLOLSSLQHV�ZHUH�XVHG�WR�DVFHUWDLQ�&2,�VHTXHQFH�GLYHUJHQFHV�
EHWZHHQ� JHRJUDSKLFDO� ORFDWLRQV� �)LJXUH� ���� 'HWDLOHG�
LQIRUPDWLRQ�UHJDUGLQJ�WKH�VDPSOHV�LV�SUHVHQWHG�LQ�7DEOH���

'1$�VHTXHQFHV�IURP�WKH�PLWRFKRQGULDO�JHQRPH�RI�WKUHH�
VXEVSHFLHV�RI�WKH�UHG�MXQJOH�IRZO��L�H��Gallus gallus gallus��
Gallus gallus bankiva��Gallus gallus spadiceus��DQG���RWKHU�
MXQJOH�IRZO�VSHFLHV��L�H��Gallus lafayettei��Gallus sonneratii��
Gallus varius��DV�UHSRUWHG�E\�Nishibori et al. 2005��7DEOH����
ZHUH�UHWULHYHG�IURP�WKH�*HQ%DQN�RI�WKH�1DWLRQDO�&HQWHU�IRU�
%LRWHFKQRORJ\� ,QIRUPDWLRQ� �KWWS���ZZZ�QFEL�QOP�QLK�JRY���
DQG�LQFOXGHG�IRU�FRPSDULVRQV�LQ�WKH�SK\ORJHQHWLF�DQDO\VLV����
$OO�QHZ�VHTXHQFHV�KDYH�EHHQ�GHSRVLWHG�LQ�*HQ%DQN�XQGHU�
DFFHVVLRQ� QXPEHUV� -;������� WR� -;�������� -;������� WR�
-;��������DQG�-;�������WR�-;�������

/DERUDWRU\�DQDO\VLV

)UHVK�EORRG�VDPSOHV�H[WUDFWHG�IURP�WKH�ZLQJ�YHLQ�RI

Table 1. Distribution of Philippine red jungle fowls (Gallus gallus philipensis Hatchisuka).
1R� 0RXQWDLQ�$UHD 0XQLFLSDOLW\��3URYLQFH /RFDWLRQ�&RRUGLQDWHV ,VODQG &ODGH

� 0W��6LHUUD�0DGUH /DO�OR��&DJD\DQ �����ƍ�1��������¶�( /X]RQ %
2 0W��&DPDQGLQJDQ 6DUUDW��,ORFRV�1RUWH �����ƍ�1��������ƍ�( /X]RQ $
� 0W��6LHUUD�0DGUH ,ODJDQ��,VDEHOD �����ƍ�1��������ƍ�( /X]RQ $
� 0W��6LHUUD�0DGUH 0DGGHOD��4XLULQR �����ƍ�1��������ƍ�( /X]RQ %
� 0W��1DWLE 2UDQL��%DWDDQ �����ƍ�1��������ƍ�( /X]RQ $
� 0W��'DUDLWDQ 7DQD\��5L]DO �����ƍ�1��������ƍ�( /X]RQ %
7 0W��0DNLOLQJ /RV�%DxRV��/DJXQD �����ƍ�1��������ƍ�( /X]RQ %
� 0W��*XLQDWXQJDQ 'DHW��&DPDULQHV�1RUWH �����
�1��������
�( /X]RQ %
� 0W��7DDO 7DDO��%DWDQJDV �����ƍ�1��������ƍ�( /X]RQ %
�� 0DSROR�+LOO ,EDDQ��%DWDQJDV �����ƍ�1��������ƍ�( /X]RQ %
�� 0W��6LOXQJDQ 9LUDF��&DWDQGXDQHV �����
�1��������
�( &DWDQGXDQHV %
�� 0W��$JXVWLQ 3DVDFDR��&DPDULQHV�6XU �����ƍ�1��������ƍ�( /X]RQ %
�� 0W��0D\RQ 7DEDFR��$OED\ �����
�1��������
�( /X]RQ %
�� 0W��+DOFRQ 1DXMDQ��2ULHQWDO�0LQGRUR �����
�1��������
�( 0LQGRUR %
�� 0W��&DVWLOOD &DVWLOOD��6RUVRJRQ �����
�1��������
�( /X]RQ $
�� 0W��%XOXVDQ %XOXVDQ��6RUVRJRQ �����
�1��������
�( /X]RQ %
�� 0W��3DQGDQ 0RQUHDO��0DVEDWH �����ƍ�1��������ƍ�( 7LFDR %
�� 0W��6XSX ,YLVDQ��&DSL] �����
�1��������
�( 3DQD\ %
�� 0W��3DQJDVXJDQ %D\ED\�&LW\��/H\WH �����ƍ�1��������ƍ�( /H\WH $
�� 0W��.DQODRQ 6DQ�&DUORV�&LW\��1HJURV�2FFLGHQWDO �����ƍ�1��������ƍ�( 1HJURV $
�� 0W��%D\XJDQ 5R[DV��3DODZDQ �����
�1��������
�( 3DODZDQ $
22 &KRFRODWH�+LOOV %DWXDQ��%RKRO ������ƍ�1��������ƍ�( %RKRO $
�� 0W��&DPEDQGLODDQ /DUHQD��6LTXLMRU ������
�1��������
�( 6LTXLMRU $
�� 0W��3DORPRN 7LWD\��=DPERDQJD�6LEXJD\ ������
�1��������
�( 0LQGDQDR %
�� 0W��7XPDWDQJLV ,QGDQDQ��6XOX ������ƍ�1��������ƍ�( 6XOX $
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PDOH�OLYH�VSHFLPHQV�ZHUH�SODFHG�LQ�1XFOHR6DYH�EORRG�VWRUDJH�
FDUGV��0DFKHU\�1DJHO��86$��DQG�DOORZHG�WR�GU\�IRU���GD\V�
XQGHU� URRP� WHPSHUDWXUH�� /DERUDWRU\� SURWRFROV� IRU� '1$�
H[WUDFWLRQ��SXUL¿FDWLRQ��HOXWLRQ��DQG�DPSOL¿FDWLRQ�PHWKRGV�
XVLQJ� '1$� EDUFRGLQJ� SURFHGXUHV� GHVFULEHG� E\�Hebert et 
al.��2004��ZHUH�GHYHORSHG�IRU�SRXOWU\��ELUGV��VSHFLPHQV�DW�
WKH�$QLPDO� %LRWHFKQRORJ\� /DERUDWRU\��$QLPDO� DQG� 'DLU\�
6FLHQFHV�&OXVWHU��&ROOHJH�RI�$JULFXOWXUH��8QLYHUVLW\�RI� WKH�
3KLOLSSLQHV�/RV�%DxRV�

'1$�H[WUDFWLRQ��SXUL¿FDWLRQ��DQG�HOXWLRQ�

8VLQJ�D�+DUULV�����PP�PLFURSXQFK��DW� OHDVW����GLVFV�
IURP�HDFK�GULHG�1XFOHR6DYH�FDUG�RU�VDPSOH�ZHUH�FROOHFWHG�
WKHQ�SODFHG�LQ�ODEHOOHG�PLFURFHQWULIXJH�WXEHV��6DPSOH�GLVFV�
ZHUH� ZDVKHG� ZLWK� ���� ȝ/� RI� )7$� 3XUL¿FDWLRQ� 5HDJHQW�
�:KDWPDQ�,QF���86$��IRU�IRXU�WR�¿YH�������WLPHV�DQG�ULQVHG�
ZLWK�����ȝO�VWHULOH�PROHFXODU�ELRORJ\�JUDGH�ZDWHU��6DPSOH�
GLVFV�ZHUH�WKH�GULHG�LQ�D�ODPLQDU�KRRG�RYHUQLJKW��6L[�GULHG�
VDPSOH� GLVFV� ZHUH� WUDQVIHUUHG� LQ� D� VWHULOH� 3&5� WXEH� WKHQ

DGGHG�ZLWK����ȝ/�VWHULOH�QDQRSXUH�ZDWHU���'1$�ZDV�HOXWHG�
E\�LQFXEDWLRQ�DW�KLJK� WHPSHUDWXUH�VSHFL¿FDOO\�DW����R&�IRU�
���PLQXWHV� XVLQJ�9HULWL� ���:HOO�7KHUPDO�&\FOHU� �$SSOLHG�
%LRV\VWHPV���(OXWHG�'1$�ZDV�VWRUHG�DW� ���� R&�IRU� IXUWKHU�
XVH�

'1$�DPSOL¿FDWLRQ�

7KH�&2,�JHQH�ZDV�DPSOL¿HG�XVLQJ�SULPHUV�%LUG)����¶�
77&7&&$$&&$&$$$*$&$�77**&$&��¶�DQG�%LUG5��
��¶� $&*7***$*$7$$77&&$$$7&&7*� �¶�� IURP�
Hebert et al.��2004���7KH����ȝ/�3&5�UHDFWLRQ�PL[�LQFOXGHG�
������ȝ/�VWHULOH�XOWUDSXUH�ZDWHU������ȝ/�RI���;�EXIIHU������
ȝ/�RI�0J&O

2
������XQLWV�RI�7DT�SRO\PHUDVH������ȝ/������P0��

RI� HDFK� IRUZDUG� DQG� UHYHUVH� SULPHU�� DQG� ���� ȝ/� RI� '1$�
WHPSODWH�� 7KH� RSWLPL]HG� 3&5� DPSOL¿FDWLRQ� SURJUDP� ZDV�
FRPSRVHG�RI�WKUHH�PLQ�DW�����&�IROORZHG�E\�¿YH�F\FOHV�RI�
���VHF�DW�����&�����VHF�DW�����&�DQG����VHF�DW�����&��IROORZHG�
E\�DQRWKHU����F\FOHV�RI����VHF�DW�����&�����VHF�DW�����&��DQG�
���VHF�DW�����&��DQG�¿QDOO\�VHYHQ�PLQ�DW�����&�

3&5�SURGXFWV�ZHUH�YLVXDOL]HG�LQ�D�������DJDURVH�JHO�
ZLWK�HWKLGLXP�EURPLGH��3RVW�VWDLQHG�JHOV�ZHUH�YLHZHG�XVLQJ�
0ROHFXODU� ,PDJHU�� *HO� 'RF70� ;5� 6\VWHP� �%LR�5DG��
86$���3&5�SURGXFWV�ZHUH�SXUL¿HG�XVLQJ�*)���3&5�&OHDQ�
8S�.LW��9LYDQWLV��0DOD\VLD���7KH�'1$�DPSOL¿FDWLRQ�UHJLPH�
ZDV�UHSHDWHG�IRXU�����WLPHV�IRU�HDFK�VDPSOH�VSHFLPHQ���7KH�
¿QDO�3&5�SURGXFW�IRU�HDFK�VDPSOH�VSHFLPHQ��DERXW����WR����
ȝ/�¿QDO�YROXPH��ZDV�REWDLQHG�IURP�SRROHG�DPSOLFRQV�RI�DOO�
3&5�UHDFWLRQV��UHSOLFDWHV��

DNA sequencing 

3&5� SURGXFWV� ZHUH� VHQW� WR� 0DFURJHQ� ,QF��� 6HRXO��
.RUHD� IRU� XQLGLUHFWLRQDO� VHTXHQFLQJ� XVLQJ� DSSURSULDWH�
IRUZDUG� SULPHU�� DQG� DQDO\]HG� XVLQJ� ����/�'1$� DQDO\]HU�
�$%��86$��DQG�%LJ'\H��$%��86$���$W�OHDVW����ȝ/�HDFK�RI�
WKH�3&5�SURGXFW�ZLWK� D� FRQFHQWUDWLRQ�RI� ����QJ�ȝ/��� DQG�
WKH�3&5�SULPHU�ZLWK�D�FRQFHQWUDWLRQ�RI����SLFRPROHV�SHU�ȝO�
ZDV�UHTXLUHG��$OO�&2,�VHTXHQFHV�ZHUH� WKHQ�WUDQVODWHG� LQWR�
LOOXVWUDWLYH�'1$�EDUFRGHV� DQG� UHFRUGHG� LQ� WKH� ORFDO�'1$�
EDUFRGH�OLEUDU\��Oliva and Regado 2011��

� �

�  = 1 sample 

Figure 1. Location map for Philippine red jungle fowls with 
DNA barcodes.

Table 2. Jungle fowls species and subspecies with mitochondrial DNA sequences taken from Genbank, NCBI (Source:  
Nishibori et al. 2005).

1R� &RPPRQ�QDPH 6FLHQWL¿F�QDPH *HQEDQN�DFFHVVLRQ�QXPEHU 3ODFH�DQG�\HDU�RI�VDPSOLQJ
� 5HG�MXQJOH�IRZO *DOOXV�JDOOXV�JDOOXV� $3������ %DOL��,QGRQHVLD�������

2 5HG�MXQJOH�IRZO *DOOXV�JDOOXV�EDQNLYD� $3������ 9LHQWLDQQH��/DR�3'5�������
� 5HG�MXQJOH�IRZO *DOOXV�JDOOXV�VSDGLFHXV� $3������ 7DPD�=RRORJLFDO�3DUN��7RN\R��-DSDQ�������
� &H\ORQ�MXQJOH�IRZO *DOOXV�ODID\HWWHL� $3������ 'HOKL�1DWLRQDO�3DUN��1HZ�'HOKL��,QGLD�������
� *UH\�MXQJOH�IRZO *DOOXV�VRQQHUDWLL� $3������ %DOL��,QGRQHVLD�������
� *UHHQ�MXQJOH�IRZO *DOOXV�YDULXV $3������ %DOL��,QGRQHVLD�������



�
(YROXWLRQDU\�DQDO\VHV�RI�&2,�VHTXHQFHV

(YROXWLRQDU\� DQDO\VHV� ZHUH� FRQGXFWHG� LQ� 0(*$��
�Tamura et al. 2011��� 7KH� &2,� VHTXHQFHV� ZHUH� LQLWLDOO\�
DOLJQHG� XVLQJ� &OXVWDO:� �Thompson, Higgins and Gibson 
1994��� �KWWS���ZZZ�HEL�DF�XN�FOXVWDOZ���� 6HTXHQFH�
GLYHUJHQFH��GH¿QHG�DV�WKH�QXPEHU�RI�QXFOHRWLGH�VXEVWLWXWLRQV�
�L�H��WUDQVLWLRQ�DQG�RU�WUDQVYHUVLRQ��RU�GLIIHUHQFHV�RFFXUULQJ�
EHWZHHQ�WZR�&2,�VHTXHQFHV��ZDV�FDOFXODWHG�XVLQJ�WKH�.LPXUD�
WZR�SDUDPHWHU�RU�.�3�PRGHO��Kimura 1980���6WDQGDUG�HUURU�
HVWLPDWH�V��ZHUH� REWDLQHG� E\� D� ERRWVWUDS� SURFHGXUH� ������
UHSOLFDWHV��DFFRUGLQJ�WR�Nei and Kumar �2000����

7KH�1HLJKERXU�-RLQLQJ��1-��PHWKRG�ZDV�XVHG�WR�LQIHU�
WKH� HYROXWLRQDU\� KLVWRU\� RI� 3KLOLSSLQH� UHG� MXQJOH� IRZOV�� ,W�
ZDV�XVHG�WR�H[DPLQH�WKH�QHDUHVW�QHLJKERXU�GLVWDQFH�RU�WKH�
PLQLPXP�JHQHWLF�GLVWDQFH�EHWZHHQ�D�VDPSOH�DQG�LWV�FORVHVW�
UHODWLYH�� XVLQJ� '1$� EDUFRGH� SRO\PRUSKLVPV�� 7KH� 1-�
PHWKRG�ZDV�FKRVHQ�VLQFH� LW� LV� IDVWHU�DQG�PRVW�DSSURSULDWH�
LQ� UHFRYHULQJ� LQWUD�VSHFLHV� SK\ORJHQ\� ZKHQ� VHTXHQFH�
GLYHUJHQFHV�DUH�ORZ��Hebert et al. 2004���$Q�1-�WUHH�RI�.�3�
GLVWDQFHV�ZDV� VXEVHTXHQWO\� FUHDWHG� WR� SURYLGH� D� JUDSKLFDO�
UHSUHVHQWDWLRQ� RI� WKH� SDWWHUQ� RI� GLYHUJHQFHV� DPRQJ� UHG�
MXQJOH�IRZO�VSHFLPHQV��Saitou and Nei 1987���7KH�ERRWVWUDS�
FRQVHQVXV� WUHH� LQIHUUHG� IURP������ UHSOLFDWHV�ZDV� WDNHQ� WR�
UHSUHVHQW� WKH� HYROXWLRQDU\� KLVWRU\� RI� WKH� WD[D� DQDO\]HG�
�Felsenstein 1985��� 3K\ORJHQHWLF� FODGHV� RI� WKH� OLQHDJHV�
�PDLQ�PDWULOLQHDO�FRPSRQHQWV��WKDW�DUH�GLVFHUQDEOH�IURP�WKH�
1-�WUHH�ZHUH�XVHG�WR�FUHDWH�DQG�FRPSDUH�JURXSV�ZLWKLQ�WKH�
3KLOLSSLQH� UHG� MXQJOH� IRZO� VXEVSHFLHV��0HPEHU� VSHFLPHQV�
LQ� HDFK� FODGH� ZHUH� VXVSHFWHG� WR� KDYH� GHVFHQGHG� IURP� D�
FRPPRQ�HYROXWLRQDU\�DQFHVWRU�

8VLQJ� WKH� .�3� PHWKRG� �Kimura 1980��� WKH� DYHUDJH�
GLVWDQFH� �LQ� G� XQLWV�� EHWZHHQ� D� SDLU� RI� VHTXHQFHV� ZDV�
PHDVXUHG�DV�WKH�QXPEHU�RI�EDVH�VXEVWLWXWLRQV�SHU�VLWH�ZLWK�
WKHLU�YDULDQFHV�HVWLPDWHG�E\�D�ERRWVWUDS�DSSURDFK��%HWZHHQ�
�RU�ZLWKLQ��JURXS�PHDQ�GLVWDQFH�ZDV�HVWLPDWHG�DV�WKH�DYHUDJH�
HYROXWLRQDU\� GLYHUJHQFH� RYHU� VHTXHQFH� SDLUV� EHWZHHQ� �RU�
ZLWKLQ��FODGHV�

)LQDOO\��FRUUHODWLRQ�DQG�UHJUHVVLRQ�DQDO\VLV�ZHUH�XVHG�
WR� WHVW� WKH�DVVRFLDWLRQ�RI�SRROHG�SDLU�ZLVH�JHQHWLF�GLVWDQFH�
XVLQJ�'1$�EDUFRGHV�ZLWK�HVWLPDWHG�JHRJUDSKLFDO�GLVWDQFH�
EHWZHHQ� ZLOG� UHG� MXQJOH� IRZOV�� 7KH� GLVWDQFH� SDUDPHWHUV�
ZHUH�FRPSDUHG�EHWZHHQ�FODGHV�XVLQJ�RUGLQDU\�OHDVW�VTXDUHV�
SURFHGXUHV�� 7KH� DSSUR[LPDWH� JHRJUDSKLFDO� GLVWDQFH� �L�H��
JUHDW�FLUFOH� GLVWDQFH� RU� VKRUWHVW� GLVWDQFH� RYHU� WKH� HDUWK¶V�
VXUIDFH��EHWZHHQ�ODWLWXGH�DQG�ORQJLWXGH�SRLQWV�ZDV�FDOFXODWHG�
XVLQJ� WKH� µKDYHUVLQH¶� IRUPXOD� �KWWS���ZZZ�PRYDEOH�W\SH�
FR�XN�VFULSWV�ODWORQJ�KWPO��

5(68/76�$1'�',6&866,21

3K\ORJHQHWLF�WUHH�IRU�3KLOLSSLQH�UHG�MXQJOH�IRZOV

)LJXUH���VKRZV�WKH�SK\ORJHQHWLF�WUHH�UHSUHVHQWLQJ�WKH�
SDWWHUQ�RI�GLYHUJHQFHV�LQ�'1$�EDUFRGHV�RI�UHG�MXQJOH�IRZOV�
IRXQG� LQ� GLIIHUHQW�PRXQWDLQ� DUHDV� RI� WKH� 3KLOLSSLQHV��7ZR�
GLVWLQFW�JHQHWLF�FODGHV�ZHUH�GHWHFWHG�IURP�WKH�1-�WUHH��&ODGH�
$� ZDV� UHSUHVHQWHG� E\� ��� VSHFLPHQV� IURP� VHYHQ� � LVODQGV�
ZKLOH�&ODGH�%� LQFOXGHG� ��� VDPSOHV� IURP� VL[� LVODQGV��7KH�
H[LVWHQFH� RI� WZR� PDLQ� HYROXWLRQDU\� FODGHV� VXJJHVWV� WKDW�
&ODGH� $� VDPSOHV� PLJKW� KDYH� RULJLQDWHG� IURP� 0W�� 6LHUUD�
0DGUH�� ,VDEHOD� SURYLQFH� ZKLOH� &ODGH� %� VSHFLPHQV� FRXOG�
KDYH�GHVFHQGHG�IURP�0W��1DXMDQ�LQ�WKH�SURYLQFH�RI�2ULHQWDO�
0LQGRUR�� ,W� LV� DOVR� QRWHG� WKDW� WZR� VSHFLPHQV� IURP� WKH�
SURYLQFH�RI�6RUVRJRQ�LQ�WKH�LVODQG�RI�/X]RQ�KDYH�GLYHUJHG�
LQWR� GLIIHUHQW� FODGHV�� VXJJHVWLQJ� QR� FOHDU� JHRJUDSKLF�
VWUXFWXULQJ�LQ�WKH�UHG�MXQJOH�IRZO�SRSXODWLRQV��2Q�WKH�RWKHU�
KDQG�� WKH�ZLGH�GLYHUJHQFH�EHWZHHQ� WKH� WZR�FODGHV� LPSOLHV�
WKDW� 3KLOLSSLQH� UHG� MXQJOH� IRZOV� UHSUHVHQW� PRUH� WKDQ� RQH�
WD[RQ� �L�H�� GLIIHUHQW� VXEVSHFLHV�� RU� SHUKDSV� D� UHVXOW� RI�
PLVLGHQWL¿FDWLRQ�GXULQJ�VDPSOLQJ��DOWKRXJK�WKLV�LV�QRW�YHU\�
OLNHO\��

Figure 2. Neighbour-Joining tree with bootstrap support 
showing the evolutionary relationships of 
Philippine red jungle fowls, subspecies of red 
jungle fowls ( Ŷ ��� DQG� RWKHU� *DOOXV� VSHFLHV� �Ŷ��
(N=31 COI sequences; 552 positions).

DNA Barcoding of Red Jungle Fowls

�
 Mt Kanlaon Negros Occidental
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 Mt Castilla Sorsogon

 Mt Natib Bataan
 Mt Camandingan Ilocos Norte

 Mt Tumatangis Sulu
 Mt Cambandilaan Siquijor
 Mt Pangasugan Leyte

 Mt Bayugon Palawan
 Mt Sierra Madre Isabela
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 Gallus gallus bankiva AP003323
 Gallus sonneratii AP006746

 Gallus gallus spadiceus AP003321
 Gallus lafayettei AP003325

 Gallus varius AP003324
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 Mt Makiling Laguna
 Mapolo Hill Batangas

 Mt Supu Capiz
 Mt Daraitan Rizal
 Mt Guinatungan Camarines Norte
 Mt Silungan Catanduanes
 Mt Pandan Masbate
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 Mt Bulusan Sorsogon
 Mt Sierra Madre Cagayan

 Mt Sierra Madre Quirino
 Mt Taal Batangas
 Mt Agustin Camarines Sur
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Table 3. Mean diversity for Philippine red jungle fowls based on DNA barcodes.
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*HQHWLF�GLYHUVLW\�RI�3KLOLSSLQH�UHG�MXQJOH�IRZOV

%DVHG� RQ� ���� SRVLWLRQV� IURP����&2,� VHTXHQFHV�� WKH�
DYHUDJH�GLYHUVLW\�ZLWKLQ�D�FODGH�LV���������+RZHYHU��EHFDXVH�
RI�WKH��KLJK�GLYHUVLW\�EHWZHHQ�FODGHV�HTXLYDOHQW�WR����������
WKH�RYHUDOO�JHQHWLF�GLYHUVLW\�LQFUHDVHG�WR���������7DEOH�����
VXJJHVWLQJ�D�VLJQL¿FDQW�UHVHUYRLU�RI�JHQHWLF�GLYHUVLW\�ZLWKLQ�
UHG� MXQJOH� IRZOV� IRXQG� LQ� GLIIHUHQW�PRXQWDLQ� DUHDV� RI� WKH�
3KLOLSSLQHV�

7KH� KLJK� JHQHWLF� GLYHUVLW\� RI� WKH� VHTXHQFHV� RI� &2,�
JHQH� LQ� UHG� MXQJOH� IRZOV� ZHUH� FRPSDUDEOH� WR� JHQHWLF�
GLYHUVLW\�LQ�'1$�EDUFRGHV�DPRQJ�VWDQGDUG�FKLFNHQ�EUHHGV�
����������DPRQJ�3KLOLSSLQH�QDWLYH�FKLFNHQ�VWUDLQV�����������
DQG�DPRQJ�JDPH�IRZO�OLQHV�RU�¿JKWLQJ�FRFNV�����������DQG�
VXEVWDQWLDOO\�KLJKHU�WKDQ�DPRQJ�FRPPHUFLDO�K\EULG�FKLFNHQV�
��������DV�UHSRUWHG�E\�Bondoc and Santiago��2012���

0RUH�LPSRUWDQWO\��WKH�KLJK�JHQHWLF�YDULDWLRQ��L�H��JUHDWHU�
WKDQ�����DV�SURSRVHG�E\�Hebert et al. �2003��IXUWKHU�DWWHVWHG�
WR�WKH�GLVFULPLQDWRU\�SRZHU�RI�&2,�EDUFRGHV�LQ�LGHQWLI\LQJ�
VXEVSHFLHV�RI�UHG�MXQJOH�IRZOV�IRXQG�LQ�WKH�3KLOLSSLQHV���,W�DOVR�
ZDUUDQWV�GHHSHU�XQGHUVWDQGLQJ�RI� WKH�JHQHWLF� UHODWLRQVKLSV�
ZLWKLQ�FODGHV��$OWHUQDWLYHO\��D�VHTXHQFH�WKUHVKROG�RI����WLPHV�
WKH�DYHUDJH�LQWUD�VSHFL¿F�YDULDWLRQ�FRXOG�EH�XVHG�WR�LGHQWLI\�
WKRVH�FDVHV�ZKHUH�D�FXUUHQW�VSHFLPHQ�PLJKW�UHSUHVHQW�PRUH�
WKDQ�RQH�WD[RQ��Hebert et al. 2004����

*HQHWLF�GLVWDQFHV�DQG�FOXVWHULQJ�RI�3KLOLSSLQH�UHG�MXQJOH�
IRZOV

7KH�RYHUDOO�DYHUDJH�JHQHWLF�GLVWDQFH�RI�'1$�EDUFRGHV�
DPRQJ�WKH�3KLOLSSLQH�UHG�MXQJOH�IRZOV�ZDV�������XQLWV��7DEOH�
4���ZLWK�KLJKHU�JHQHWLF�GLYHUJHQFH�ZLWKLQ�&ODGH�$��G �������
WKDQ�ZLWKLQ�&ODGH�%��G ��������5HG�MXQJOH�IRZOV�LQ�&ODGH�$�
ZHUH�DOO�GLVWDQWO\�UHODWHG�WR�WKRVH�LQ�&ODGH�%��L�H��G�LV�JUHDWHU�
WKDQ�RQH���6SHFL¿F�SDLU�ZLVH�JHQHWLF�GLVWDQFHV�EHWZHHQ�WKH�
UHG�MXQJOH�IRZO�VSHFLPHQV�DUH�VXPPDUL]HG�LQ�7DEOH���DQG�6��
UHVSHFWLYHO\��7KH� LOOXVWUDWLYH�'1$�EDUFRGHV� IRU�3KLOLSSLQH�
UHG� MXQJOH�IRZOV�IURP�GLIIHUHQW�FODGHV�DUH�JLYHQ�LQ�)LJXUH�
3��,W�VKRXOG�EH�QRWHG�WKDW�DOO����3KLOLSSLQH�UHG�MXQJOH�IRZO�
VDPSOHV� KDG� GLIIHUHQW� '1$� EDUFRGHV�� H[FHSW� IRU� VDPSOHV�
WDNHQ� IURP� /H\WH� DQG� 6LTXLMRU� SURYLQFHV� ZKLFK� H[KLELWHG�
YHU\� VLPLODU� &2,� VHTXHQFHV�� 7KH� LVODQGV� RI� /H\WH� DQG�
6LTXLMRU�DUH�JHRJUDSKLFDOO\�VHSDUDWHG�E\�WKH�LVODQG�RI�%RKRO�

6DPSOHV�LQ�&ODGH�$�ZHUH�FORVHO\�UHODWHG�WR�HDFK�RWKHU�
�L�H��G� ���WR��������H[FOXGLQJ�WKH�UHG�MXQJOH�IRZO�IURP�0W��
6LHUUD� 0DGUH�� ,ODJDQ�� ,VDEHOD� ZKRVH� JHQHWLF� GLVWDQFH� WR�
RWKHU�PHPEHUV�RI�WKH�FODGH�UDQJHG�IURP�������WR��������,Q�
&ODGH�%��PHPEHUV�ZHUH� DOVR� FORVHO\� UHODWHG� WR� HDFK�RWKHU�
�G� ��������WR��������H[FOXGLQJWKH�UHG�MXQJOH�IRZO�IURP�0W��
+DOFRQ��1DXMDQ��2ULHQWDO�0LQGRUR�ZKRVH�JHQHWLF�GLVWDQFH�
WR�RWKHU�PHPEHUV�RI�WKH�FODGH�UDQJHG�IURP�������WR����������

1RUPDOO\�� JHQHWLF� GLVWDQFH� PD\� EH� PRUH� LQGLFDWLYH�
RI� WKH� JHQHWLF� YDULDWLRQ� SDUWLWLRQLQJ� DPRQJ� YDULRXV� OHYHOV�
RI�JHRJUDSKLF� VWUXFWXUH�� UDWKHU� WKDQ�RI�DEVROXWH� WD[RQRPLF�
UHODWLRQVKLSV� DV� FXUUHQWO\� XQGHUVWRRG� �H�J��� Patton 
1985��� ,Q� D� VWXG\� RI� UHG� MXQJOH� IRZOV� IURP� ���� PXVHXP�
VSHFLPHQV��Peterson and Brisbin �1999��FODLPHG�WKDW�PRVW�
ZLOG� SRSXODWLRQV� KDYH� EHHQ� FRQWDPLQDWHG� JHQHWLFDOO\� E\�
LQWURJUHVVLRQ� RI� JHQHV� IURP� GRPHVWLF� RU� IHUDO� FKLFNHQV��
+RZHYHU�� LQ� WKH� HYROXWLRQDU\� DQDO\VLV� LQ� WKLV� VWXG\�� WKH�
FORVH�JHQHWLF�GLVWDQFH�HVWLPDWHV�ZLWKLQ�D�FODGH��PD\�EH�GXH�
WR� HYROXWLRQ� RXW� RI� D� FRPPRQ� DQFHVWRU�� RU� K\EULGL]DWLRQ�
DPRQJ�ZLOG�MXQJOH�IRZOV�LQ�DGMDFHQW�JHRJUDSKLFDO�ORFDWLRQV��
0LJUDWLRQ� GXH� WR� WKUHDWV� RI� IRUHVW� GHJUDGDWLRQ� DQG� KXPDQ�
VHWWOHPHQWV� LQ� XSODQG� FRPPXQLWLHV� ZRXOG� PRVW� OLNHO\� EH�
WKH�FDXVH�IRU�WKH�UHFHQW�GLYHUJHQFH�ZLWKLQ�WKH�FODGH��'HQVH�
KXPDQ� SRSXODWLRQV� WKXV� PD\� KDYH� FRQWULEXWHG� PRUH� LQ�
PDNLQJ� WKH� JHQHWLF� LQWHJULW\� RI� WKH� 3KLOLSSLQH� UHG� MXQJOH�
IRZO�XQFHUWDLQ�

)XUWKHU� DQDO\VLV� RI� UHG� MXQJOH� IRZOV� REWDLQHG� IURP�
GLIIHUHQW�PRXQWDLQ� DUHDV� LQ� WKH� LVODQG� RI�/X]RQ� VKRZHG� D�
KLJK� DYHUDJH� JHQHWLF� GLVWDQFH� ZLWK� HDFK� DQRWKHU� �L�H�� G�  �
���������������EXW�VOLJKWO\�ORZHU�WKDQ�UHG�MXQJOH�IRZOV�IURP�
HOHYHQ� RWKHU� � LVODQGV� �L�H�� G�  � ������ �� �������� 7KH�PHDQ�
JHQHWLF�GLIIHUHQFH�EHWZHHQ�WKH�WZR�JURXSV�ZDV�DOVR�KLJK��L�H��
G� ����������������

Table 4. Estimates of evolutionary divergence* in COI 
sequences (in d units) in Philippine red jungle 
fowls belonging to different clades.

&ODGH�$ &ODGH�%
&ODGH�$ ������������� �������������
&ODGH�% ������������� �������������


�9DOXH�LQ�GLDJRQDOV�LV�ZLWKLQ�FODGH�PHDQ�GLVWDQFH��2II�GLDJRQDO�YDOXH�LQ�WKH�ORZHU�
OHIW� FRUQHU� LV� EHWZHHQ� FODGH� GLIIHUHQFH�� 2II�GLDJRQDO� YDOXH� LQ� WKH� XSSHU�ULJKW�
FRUQHU�LV�QHW�EHWZHHQ�FODGH�PHDQ�GLVWDQFHV
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Figure 3. Illustrative DNA barcodes of Philippine red jungle fowls from different clades. 

Table 5. Pair-wise distances (d units) between Philippine red jungle fowls in Clade A.
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Table 6. Pair-wise distances (d units) between Philippine red jungle fowls in Clade B.
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&RPSDULVRQV� DPRQJ� 3KLOLSSLQH� UHG� MXQJOH� IRZOV� DQG�
RWKHU�MXQJOH�IRZO�VSHFLHV�DQG�Gallus gallus�VXEVSHFLHV

7KH� *HQEDQN�DFFHVVHG� &2,� VHTXHQFHV� RI� WKUHH�
VXEVSHFLHV�RI�UHG�MXQJOH�IRZOV�DQG�WKUHH�Gallus�VSHFLHV�ZHUH�
FOXVWHUHG�LQ�WKH�LQWHUPHGLDWH�]RQH�EHWZHHQ�WKH�GLIIHUHQWLDWHG�
SRSXODWLRQV�RI�3KLOLSSLQH�UHG�MXQJOH�IRZOV��EXW�PRUH�UHFHQWO\�
GLYHUJHG�ZLWK�PHPEHUV�LQ�&ODGH�$��)LJXUH�����,Q�FRQWUDVW��Liu 
et al.��2006��DQDO\]HG�KLJKO\�GLYHUJHQW�PLWRFKRQGULDO�'1$�
�K\SHUYDULDEOH�VHJPHQW�,��GDWD�ZKLFK�¿W�LQWR�WZR�PDLQ�FODGHV�
RI����FRQWLQHQWDO�UHG�MXQJOH�IRZO�VXEVSHFLHV�G. g. spadiceus�
DQG�G. g. jabouillei� IURP�%XUPD�DQG�&KLQD��DQG�GRPHVWLF�
FKLFNHQ� VDPSOHV� IURP�(XURSH�� ,QGLD�� ,QGRQHVLD��0DOD\VLD��
DQG�0LGGOH�(DVW���,UDQ��$]HUEDLMDQ��DQG�7XUNPHQLVWDQ��DOVR�
QDPHG�DV�WKH�FRQWLQHQWDO�FODGH�DQG�����G. g. bankiva VDPSOHV�
IURP� -DYD�� ,QGRQHVLD� � NQRZQ� DVWKH� LVODQG� FODGH�� :KLOH�
WKH�SK\ORJHQ\�DQDO\VLV�EDVHG�RQ� WKH�'1$�EDUFRGHV� LV�QRW�
VXI¿FLHQW�WR�FRQFOXGH�WKH�SK\ORJHQHWLF�SRVLWLRQV�RI�WKH�MXQJOH�
IRZOV�LQ�WKH�JHQXV��LQWHU�VSHFLHV�K\EULGL]DWLRQV�EHWZHHQ�G. 
varius�DQG�G. gallus��DQG�EHWZHHQ�G. varius DQG�G. lafayettei��
DQG�GLYHUJHQFH�ZLWKLQ�VXEVSHFLHV�DUH�VXJJHVWHG�LQ�WKLV�VWXG\��
FUHDWLQJ�FRQÀLFWV�ZLWK� WKH�FXUUHQW� WD[RQRPLF�FODVVL¿FDWLRQ�
RI�WKH�VXEVSHFLHV��H�J���Nishibori et al. 2005� Liu et al. 2006��

7KH�KLJK�ERRWVWUDS�VXSSRUW�IRU�FODGH�QRGHV�VXJJHVWHG�
WKDW�1-�DQDO\VLV�RI�&2,�EDUFRGH�VHTXHQFHV�ZLOO�EH�ZLGHO\�
HIIHFWLYH� �H�J���Ward et al. 2005��Hajibabaei et al. 2006��
EHWZHHQ� Gallus� VSHFLHV� DQG� EHWZHHQ� VXEVSHFLHV�� 7KH

KLJK� ERRWVWUDS� VXSSRUW� YDOXHV� �L�H�� JUHDWHU� WKDQ� ������ IRU�
VSHFLPHQV�IURP�WKH�WZR�GLVWLQFW�FODGHV�ZRXOG�DOVR�HQWDLO�WKH�
QHHG�IRU�WKHLU�IXUWKHU�WD[RQRPLF�VFUXWLQ\��H�J���Hebert et al. 
2004��

$�ORZ�DYHUDJH�JHQHWLF�GLVWDQFH��L�H��G� ����������������
ZDV�HVWLPDWHG�DPRQJ�RWKHU�MXQJOH�IRZO�VSHFLHV�DQG�Gallus 
gallus�VXEVSHFLHV�WKDW�ZHUH�DFFHVVHG�WKURXJK�WKH�*HQEDQN��
7KH�*HQEDQN�DFFHVVLRQV�ZHUH�GLVWDQWO\�UHODWHG��L�H��G�!����WR�
DOO�3KLOLSSLQH�UHG�MXQJOH�IRZO�VDPSOHV�

&RPSDULVRQ�RI�FODGHV�LQ�WHUPV�RI�JHQHWLF�DQG�JHRJUDSKLFDO�
GLVWDQFHV�DQG�VRPH�PRUSKRPHWULF�WUDLWV

7KH� DYHUDJH� JHQHWLF� GLVWDQFH� DPRQJ� VDPSOHV� LQ�
&ODGH�$� �G ������� ZDV� KLJKHU� WKDQ� DPRQJ� VSHFLPHQV� LQ�
&ODGH�%� �G ������� �7DEOH�����7KH� DUHD� FRYHUDJH� �DYHUDJH�
JHRJUDSKLFDO�GLVWDQFH��ZDV�KRZHYHU�ZLGHU�DPRQJ�VDPSOHV�
LQ�&ODGH�$��������NP��WKDQ�LQ�&ODGH�%��������NP��

7KHUH� ZDV� QR� VLJQL¿FDQW� OLQHDU� UHODWLRQVKLS� EHWZHHQ�
SRROHG�SDLU�ZLVH�JHQHWLF�GLVWDQFH�DQG�JHRJUDSKLFDO�GLVWDQFHV�
DPRQJ�WKH�UHG�MXQJOH�IRZOV�EHWZHHQ�DQG�ZLWKLQ�FODGHV��L�H��
U �� �3!�������)LJXUH� �� SUHVHQWV� WKH� UHJUHVVLRQ� RI� JHQHWLF�
GLVWDQFH� RQ� JHRJUDSKLFDO� GLVWDQFH� LQ� WKH� GLIIHUHQW� FODGHV�
RI� 3KLOLSSLQH� UHG� MXQJOH� IRZOV�� 3KHQRW\SLFDOO\�� UHG� MXQJOH�
IRZOV� LQ� &ODGH�$� KDYH� VLJQL¿FDQWO\� ORQJHU� QHFN� �3�������
DQG� VKDQN� �3������� WKDQ� WKRVH� LQ�&ODGH�%� �7DEOH����� �1R�
VLJQL¿FDQW�GLIIHUHQFHV��3!������ZHUH�KRZHYHU�IRXQG�LQ�OLYH�
ZHLJKW� DQG� OLQHDU�PHDVXUHPHQWV� RI� WKH�ZLQJV�� EUHDVW�� DQG�
EHDN�RI�UHG�MXQJOH�IRZOV�LQ�WKH�GLIIHUHQW�FODGHV�

3UDFWLFDO�DSSOLFDWLRQV�RI�'1$�EDUFRGHV�IURP�3KLOLSSLQH�
UHG� MXQJOH� IRZOV� WR� DJURELRGLYHUVLW\� FRQVHUYDWLRQ� DQG�
UHVHDUFK�LQ�XSODQG�DUHDV

5HG� MXQJOH� IRZOV� LQ� WKH�3KLOLSSLQHV�DUH� VWLOO� FDSWXUHG�
XVLQJ�LQGLJHQRXV�ELUG�WUDSV�PRVWO\�LQ�PRXQWDLQ�DUHDV�ZKHUH�
WKHUH� LV�PLQLPDO�RU�QR�DQWKURSRJHQLF�DFWLYLW\��RQO\�GXULQJ�
WKH�GU\�PRQWKV��7KHLU�QXPEHU�DQG�GLVWULEXWLRQ�DV�QRWHG�E\�
XSODQG�IDUPHUV�DQG�KXQWHUV�DOLNH��VHHP�WR�EH�GHFOLQLQJ�DQG�
EHFRPLQJ�UDUH�HVSHFLDOO\�ZLWK�PRUH�SHRSOH�HQFURDFKPHQW�RI�
WKH�IHZ�UHPDLQLQJ�IRUHVW�UHVHUYHV�QDWLRQZLGH��$�IHZ�IDUPHUV�
ZHUH�DOVR�VXFFHVVIXO�LQ�FDSWLYH�EUHHGLQJ�RI�WKH�UHG�MXQJOH�IRZO�
XVLQJ�DQ�DUWL¿FLDO�LQFXEDWRU�LQWHQGHG�IRU�GRPHVWLF�FKLFNHQV�
�H�J���Mr. Josenieto Bihis 2011, personal communication����
/LNH�RWKHU�Gallus VSHFLHV��WKH�UHG�MXQJOH�IRZO�LV�HYDOXDWHG�
DV�³/HDVW�&RQFHUQ´��L�H��SRSXODWLRQ�LV�VXVSHFWHG�WR�EH�VWDEOH�
LQ� WKH� DEVHQFH� RI� HYLGHQFH� IRU� DQ\� GHFOLQHV� RU� VXEVWDQWLDO�
WKUHDWV��LQ�WKH�FXUUHQW�,QWHUQDWLRQDO�8QLRQ�IRU�&RQVHUYDWLRQ�
RI�1DWXUH��,8&1��5HG�/LVW��7KUHDWV�WR�WKHLU�GHFOLQLQJ�QXPEHU�
PD\� LQFOXGH� KDELWDW� ORVV� DQG� GHJUDGDWLRQ�� RYHU�KXQWLQJ�
IRU� IRRG��DJULFXOWXUDO�HQFURDFKPHQW��RYHUJUD]LQJ�DQG�¿UHV��
LOOHJDO� WUDGH�� SRDFKLQJ�� DQG� LQWHUEUHHGLQJ� ZLWK� GRPHVWLF�
FKLFNHQV��del Hoyo, Elliott and Sargatal 1994��
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Figure 4. Unrooted NJ tree based on K2P distances of 25 
Philippine red jungle fowls and six Genbank-
derived Gallus species and subspecies of red 
jungle fowls showing the clear separation of three 
clades (i.e. Clade A = (Ɣ), Clade B = (Ɣ), and Clade 
C derived from Genbank = (Ɣ).



VWRFNV�IRU�VXEVLVWHQFH�QDWLYH�FKLFNHQ�SURGXFWLRQ�LQ�XSODQG�
FRPPXQLWLHV� ZLWK� HQKDQFHG� DELOLW\� WR� UHVLVW� DQ� LQIHFWLRXV�
GLVHDVH�RXWEUHDN�

0RUH�LPSRUWDQWO\��WKH�KLJK�OHYHO�RI�JHQHWLF�GLYHUJHQFH�
LQ� &2,� VHTXHQFHV� RI� UHG� MXQJOH� IRZOV� FDQ� VHUYH� DV�
LQGLUHFW� LQGLFDWRUV� RI� WKH� PDMRU� FDXVHV� RI� GHJUDGDWLRQ� RI�
HFRORJLFDO�GLYHUVLW\�RI�PRXQWDLQ��'1$�EDUFRGHV�PD\� WKXV�
EH� XVHG� WR� GHVFULEH� DQG� SUHGLFW� WKH� DQLPDOV¶� UHVSRQVHV� WR�
DQWKURSRJHQLF� DFWLYLWLHV�� FOLPDWH� FKDQJH�� SROOXWLRQ�� DQG�
LQYDVLYH�FRPSHWLWRUV��'1$�EDUFRGLQJ�PD\�DOVR�KHOS�DVVHVV�
RSSRUWXQLWLHV�IRU�DJURELRGLYHUVLW\�FRQVHUYDWLRQ�DQG�UHVHDUFK�
OHDGLQJ� WR� VXVWDLQDEOH� ODQG� XVH� DQG� UXUDO� GHYHORSPHQW� LQ�
XSODQG�FRPPXQLWLHV��

&21&/86,216�$1'�5(&200(1'$7,21�

7KLV� VWXG\� GHPRQVWUDWHG� WKDW� '1$� EDUFRGHV� FDQ�
EH� HIIHFWLYH� LQ� LGHQWLI\LQJ� DQG� GLIIHUHQWLDWLQJ� 3KLOLSSLQH�
UHG� MXQJOH� IRZOV� EHWZHHQ� DQG�ZLWKLQ� FODGHV�� 3RROHG� SDLU�
ZLVH� JHQHWLF� GLVWDQFH� ZDV� QRW� FRUUHODWHG� ZLWK� HVWLPDWHG�
JHRJUDSKLFDO�GLVWDQFHV�DPRQJ�UHG�MXQJOH�IRZOV�EHWZHHQ�DQG�
ZLWKLQ�FODGHV��3KHQRW\SLFDOO\�KRZHYHU��UHG�MXQJOH�IRZOV�LQ�
&ODGH�$�KDYH�ORQJHU�QHFN�DQG�VKDQN�WKDQ�WKRVH�LQ�&ODGH�%��
1R� VLJQL¿FDQW� GLIIHUHQFHV� ZHUH� IRXQG� LQ� OLYH� ZHLJKW� DQG�
OHQJWK�RI�WKH�ZLQJV��EUHDVW��DQG�EHDN�RI�UHG�MXQJOH�IRZOV�LQ�
WKH�GLIIHUHQW�FODGHV�

$GGLWLRQDO� VDPSOLQJ� RI�'1$� EDUFRGHV� RI� UHG� MXQJOH�
IRZOV� LQ� RWKHU� PRXQWDLQ� DUHDV� DQG� LVODQGV� LQ� WKH� FRXQWU\�
LV� UHFRPPHQGHG� WR� EULQJ� JUHDWHU� UHOLDELOLW\� WR� WKHLU�
LGHQWL¿FDWLRQ��,W�VKRXOG�EH�QRWHG�WKDW�FDWDORJXLQJ�3KLOLSSLQH�
UHG�MXQJOH�IRZOV�ZLWK�VWDQGDUGL]HG�JHQH�UHJLRQ�LQ�D�QDWLRQDO�
'1$� OLEUDU\�� FRXOG� QRW� FRPSHWH� ZLWK� WKH� *HQ%DQN� VLQFH�
WKH� ODWWHU� DLPV� IRU� FRPSUHKHQVLYH� FRYHUDJH� RI� JHQRPLF�
GLYHUVLW\�� $V� WKH� PRVW� SUREDEOH� ZLOG� SURJHQLWRU� RI� WKH�
GRPHVWLF� FKLFNHQ�ZRUOGZLGH��PRUH� HFRORJLFDO� VWXGLHV� DQG�
ORFDO� SURJUDPV� DUH� IXUWKHU� UHFRPPHQGHG� DQG� VKRXOG� EH�
KLJKO\� MXVWL¿HG� WR�PRQLWRU�� SURWHFW�� DQG� FRQVHUYH� WKH�ZLOG

:LWK� '1$� EDUFRGLQJ�� 3KLOLSSLQH� UHG� MXQJOH� IRZOV�
FDQ�EH� LGHQWL¿HG�TXLFNO\�DQG� LQH[SHQVLYHO\�XVLQJ�D� VLQJOH�
JHQH�DV�WKH�EDVLV�IRU�D�JOREDO�ELRLGHQWL¿FDWLRQ�V\VWHP��H�J���
Hebert et al. 2003��� 5HVXOWV� RI� WKLV� VWXG\� DOVR� DGG� WR� WKH�
ERG\� RI� NQRZOHGJH� RI� JHQHWLF� YDULDELOLW\�� DQG� SRSXODWLRQ�
VWUXFWXUH� RI� WKH� 3KLOLSSLQH� UHG� MXQJOH� IRZO� SRSXODWLRQV��
6SHFL¿FDOO\��'1$�EDUFRGHV�RI�3KLOLSSLQH� UHG� MXQJOH� IRZOV�
PD\�SURYLGH�LQIRUPDWLRQ�RQ�WKHLU�JHQHWLF�LQWHJULW\�DQG�SDVW�
KLVWRU\��DQG�GHWHFW� LQWURJUHVVLRQV�RI�JHQHWLF�YDULDWLRQ�IURP�
Gallus�VSHFLHV�DQG�VXEVSHFLHV��7KH\�FRXOG�DOVR�EH�XVHIXO�LQ�
VXSSRUWLQJ�FRQVHUYDWLRQ�DQG�UHVHDUFK�RI� WKH�3KLOLSSLQH�UHG�
MXQJOH�IRZOV��)RU�H[DPSOH��'1$�EDUFRGLQJ�FRXOG�EH�XVHG�LQ�
SURGXFLQJ�HYLGHQFH�WR�SURVHFXWH�VPXJJOHUV�DQG�SRDFKHUV�RI�
3KLOLSSLQH�UHG�MXQJOH�IRZOV�VLQFH�LW�FDQ�GLVWLQJXLVK�UDUH�DQG�
WKUHDWHQHG�UHG�MXQJOH�IRZOV�IURP�GRPHVWLF�SRXOWU\�PHDW���

7KHVH� ZLOG� SRSXODWLRQV� PD\� DOVR� EH� XVHG� LQ�
FURVVEUHHGLQJ� SURJUDPV� GHVLJQHG� WR� FUHDWH� QHZ� JHQHWLF�
VWRFNV� ZLWK� LPSURYHG� DGDSWDELOLW\� DQG� SURGXFWLYLW\� LQ�
VPDOOKROGHU� DQG� VXEVLVWHQFH� SURGXFWLRQ� V\VWHPV�� )XWXUH�
UHVHDUFK� VWXGLHV� LQYROYLQJ� '1$� EDUFRGHV� VKRXOG� WKXV� EH�
DEOH�WR�JHQHUDWH�LQIRUPDWLRQ�RQ�JHQHWLF�GLYHUVLW\�RI�GLVHDVH�
UHVLVWDQFH� LQ� WKHVH� SRSXODWLRQV�� � 6XFK� PD\� EH� XVHG� IRU�
GHYHORSLQJ�WKH�IRXQGDWLRQ�SRSXODWLRQ�IRU�VHOHFWLQJ�EUHHGLQJ

� DNA Barcoding of Red Jungle Fowls

Table 7. Comparison of geographical and genetic distances between clades of Philippine red jungle fowls.
&ODGH�$ &ODGH�% 2YHUDOO�0HDQ


1XPEHU�RI�VSHFLPHQV ���� ���� ����
$YHUDJH�JHQHWLF�GLVWDQFH��G�XQLWV ��������������D ��������������E �������������
$YHUDJH�JHRJUDSKLFDO�GLVWDQFH��NP ��������������E �������������D �������������
/LYH�ZHLJKW��NJ ������������D ������������D �����������
/LQHDU�PHDVXUHPHQWV��FP
���:LQJ �����������D �����������D ����������
���1HFN ����������D ����������E ���������
���%UHDVW �����������D �����������D ����������
���6KDQN ����������D ����������E ���������
���%HDN ����������D ����������D ���������

�
Clade A:  y = -1E-05x + 0.0327; R2=0.0273
Clade B:  y = -3E-05x + 0.0694; R2=0.0105
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Figure 5. Regression of genetic distance on geographical 
distance between Philippine red jungle fowls in the 
different clades.
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DQFHVWRU� VSHFLHV�� VLQFH� 3KLOLSSLQH� UHG� MXQJOH� IRZOV� DUH�
YDOXDEOH�QDWLRQDO�WUHDVXUHV�UHÀHFWLQJ�RXU�ULFK�QDWXUDO�JHQHWLF�
UHVRXUFHV��FXOWXUH��DQG�KHULWDJH�DV�D�SHRSOH�

5()(5(1&(6

%RQGRF��2�/��DQG�5�&��6DQWLDJR��������7KH�XVH�RI�'1$�%DUFRGHV�
LQ�WKH�HYROXWLRQDU\�DQDO\VLV�RI�GRPHVWLF�EUHHGV�DQG�VWUDLQV�
RI� FKLFNHQ� �*DOOXV� JDOOXV� GRPHVWLFXV�� LQ� WKH� 3KLOLSSLQHV��
3KLOLSS��$JULF��6FLHQWLVW�����������������

&UDZIRUG�� 5�'��� ������ 2ULJLQ� DQG� KLVWRU\� RI� SRXOWU\� VSHFLHV��
3RXOWU\� JHQHWLF� UHVRXUFHV�� HYROXWLRQ�� GLYHUVLW\�� DQG�
FRQVHUYDWLRQ�� ,Q��3RXOWU\�%UHHGLQJ�DQG�*HQHWLFV� �HG��5�'��
&UDZIRUG���(OVHYLHU��$PVWHUGDP��SS�������

&UDZIRUG�� 5�'�� ������ 2ULJLQ�� KLVWRU\�� DQG� GLVWULEXWLRQ� RI�
FRPPHUFLDO�SRXOWU\��,Q��3RXOWU\�3URGXFWLRQ��HG��3��+XQWRQ����
(OVHYLHU��$PVWHUGDP��SS�������

'HODFRXU�� -�� ������7KH�3KHDVDQWV� RI� WKH�:RUOG�� 6HFRQG� HGLWLRQ��
5HDGLQJ�� 8.�� 6SXU� 3XEOLFDWLRQV� DQG� :RUOG� 3KHDVDQW�
$VVRFLDWLRQ������SS�

GHO�+R\R�� -���$��(OOLRWW�� DQG� -��6DUJDWDO�� ������+DQGERRN�RI� WKH�
%LUGV� RI� WKH�:RUOG�� 1HZ�:RUOG� 9XOWXUHV� WR� *XLQHDIRZO��
9ROXPH����/\Q[�(GLFLRQV��%DUFHORQD������SS�

)HOVHQVWHLQ�� -�� ������ &RQ¿GHQFH� OLPLWV� RQ� SK\ORJHQLHV�� $Q�
DSSURDFK�XVLQJ�WKH�ERRWVWUDS��(YROXWLRQ�������������

)XPLKLWR��$���7��0L\DNH��6��6XPL��0��7DNDGD��6��2KQR�� DQG�1��
.RQGR��������2QH�VXEVSHFLHV�RI�WKH�UHG�MXQJOHIRZO��Gallus 
gallus gallus�� VXI¿FHV� DV� WKH� PDWULDUFKLF� DQFHVWRU� RI� DOO�
GRPHVWLF� EUHHGV�� 3URF�� 1DWO�� $FDG�� 6FL�� 86$� ���������
������

)XPLKLWR�� $��� 7�� 0L\DNH�� 0�� 7DNDGD�� 5�� 6KLQJX�� 7�� (QGR�� 7��
*RMRERUL�� 1�� .RQGR�� DQG� 6�� 2KQR�� ������ 0RQRSK\OHWLF�
RULJLQ�DQG�XQLTXH�GLVSHUVDO�SDWWHUQV�RI�GRPHVWLF�IRZOV��3URF��
1DWO��$FDG��6FL��86$���������������

*UDQHYLW]H�� =��� -�� +LOOHO�� *�+�� &KHQ�� 1�7�.�� &XF��0�� )HOGPDQ��
+�� (GLQJ�� DQG� 6�� :HLJHQG�� ������ *HQHWLF� GLYHUVLW\�
ZLWKLQ� FKLFNHQ� SRSXODWLRQV� IURP� GLIIHUHQW� FRQWLQHQWV� DQG�
PDQDJHPHQW�KLVWRULHV��$QLP��*HQHW�����������������

+DMLEDEDHL�� 0��� '�+�� -DQ]HQ�� -�0�� %XUQV�� :�� +DOOZDFKV�� DQG�
3�'�1��+HEHU\��������'1$�EDUFRGHV�GLVWLQJXLVK�VSHFLHV�RI�
WURSLFDO�/HSLGRSWHUD��3URF��1DWO��$FDG��6FL��8�6�$�����������
����

+HEHUW��3�'�1���$��&\ZLQVND��6�/��%DOO��DQG�-�5��'H:DDUG��������
%LRORJLFDO� LGHQWL¿FDWLRQV� WKURXJK� '1$� EDUFRGHV�� 3URF� 5�
6RF�/RQG��%��%LRO��6FL���������������

+HEHUW�� 3�'�1���0�<�� 6WRHFNOH�� 7�6�� =HPODN�� DQG� &�0�� )UDQFLV��
������ ,GHQWL¿FDWLRQ� RI� ELUGV� WKURXJK�'1$� EDUFRGHV�� 3ORV�
%LRO�����H�������������������

+LOOHO�� -���0��$�� *URHQHQ��0�� 7L[LHU�%RLFKDUG��$�� %�� .RURO�� /��
'DYLG�� 9�� 0�� .LU]KQHU�� 7�� %XUNH�� $�� %DUUH�'LULH�� 5�� 3��
&URRLMPDQV��.��(OR��0��:��)HOGPDQ��3��-��)UHLGOLQ��$��0DNL�
7DQLOD��0��2RUWZLMQ��3��7KRPVRQ��$��9LJQDO��.��:LPPHUV��
DQG�6��:HLJHQG��������%LRGLYHUVLW\�RI����FKLFNHQ�SRSXODWLRQV�
DVVHVVHG�E\�PLFURVDWHOOLWH�W\SLQJ�RI�'1$�SRROV��*HQHW��6HO��
(YRO��������������

+RZDUG��5��DQG�$��0RRUH��������$�&RPSHWH�&KHFNOLVW�RI�%LUGV�
RI�WKH�:RUOG��5HYLVHG�HGLWLRQ��0DFPLOODQ��/RQGRQ������SS�

.LPXUD��0�� ������$� VLPSOH�PHWKRG� IRU� HVWLPDWLQJ� HYROXWLRQDU\�
UDWH� RI� EDVH� VXEVWLWXWLRQV� WKURXJK� FRPSDUDWLYH� VWXGLHV� RI�
QXFOHRWLGH�VHTXHQFHV��-��0RO��(YRO��������������

/LX��<�3��*�6��:X��<�*��<DR��<�:��0LDR��*��/XLNDUW��0��%DLJ��$��
%HMD�3HUHLUD��=�/��'LQJ��0�*��3DODQLFKDP\��DQG�<�3��=KDQJ���
������0XOWLSOH�PDWHUQDO�RULJLQV�RI�FKLFNHQV��2XW�RI�WKH�$VLDQ�
MXQJOHV��0RO��3K\ORJHQHW��(YRO������������

0DVDQJND\��-��6���+��0DQQHQ��7��1DPLNDZD��<��<DPDPRWR��DQG�3��
$OYLROD��3�� ������7KH�3KLOLSSLQH�5HG� -XQJOH�)RZO��$QLPDO�
6FHQH���������������

1HL�� 0�� DQG� 6�� .XPDU�� ������ 0ROHFXODU� (YROXWLRQ� DQG�
3K\ORJHQHWLFV��2[IRUG�8QLYHUVLW\�3UHVV��1HZ�<RUN������SS�

1LVKLERUL��0���7��6KLPRJLUL��7��+D\DVKL��DQG�+��<DVXH��+��������
0ROHFXODU�HYLGHQFH�IRU�K\EULGL]DWLRQ�RI�VSHFLHV�LQ�WKH�JHQXV�
Gallus�H[FHSW�IRU�Gallus�varius.�$QLP��*HQHW��������������
����

2OLYD��$�-��DQG�5�)�/��5RJDGR��������'HYHORSPHQW�RI�WKH�³83/%�
'$�'1$�%DUFRGLQJ�3URMHFW��DQ�2QOLQH�/LEUDU\�,QIRUPDWLRQ�
6\VWHP� IRU� WKH� 3KLOLSSLQH� /LYHVWRFN� DQG� 3RXOWU\� 6HFWRU´��
8QGHUJUDGXDWH� 6SHFLDO� 3UREOHP�� ,QVWLWXWH� RI� &RPSXWHU�
6FLHQFH�� &ROOHJH� RI� $UWV� DQG� 6FLHQFHV�� 8�3�� /RV� %DxRV��
/DJXQD�

3DWWRQ�� -�/�� ������ 3RSXODWLRQ� VWUXFWXUH� DQG� WKH� JHQHWLFV� RI�
VSHFLDWLRQ�LQ�SRFNHW�JRSKHUV��JHQXV��7KRPRP\V��$FWD�=RRO��
)HQQ���������������

3HWHUVRQ��$�7�� DQG� ,�/��%ULVELQ�� -U�� ������*HQHWLF� HQGDQJHUPHQW�
RI�ZLOG�UHG�MXQJOHIRZO��Gallus gallus���%LUG�&RQVHUY��,QW����
��������

5RVHQEHUJ�� 1�$��� 7�� %XUNHE�� .�� (ORH�� 0�:�� )HOGPDQD�� 3�-��
)UHLGOLQF�� 0�$�0�� *URHQHQG�� -�� +LOOHOF�� $�� 0lNL�7DQLODH��
0�� 7L[LHU�%RLFKDUGI�� $�� 9LJQDOJ�� .�� :LPPHUVK�� DQG� 6��
:HLJHQG�� ������ (PSLULFDO� HYDOXDWLRQ� RI� JHQHWLF� FOXVWHULQJ�
PHWKRGV�XVLQJ�PXOWLORFXV�JHQRW\SHV�IURP����FKLFNHQ�EUHHGV��
*HQHWLFV���������������

6DLWRX��1��DQG�0��1HL��0��������7KH�QHLJKERXU�MRLQLQJ�PHWKRG��$�
QHZ�PHWKRG�IRU�UHFRQVWUXFWLQJ�SK\ORJHQHWLF�WUHHV��0RO��%LRO��
(YRO�������������

6KDQG��+��������+XPDQ�QDWXUH��DJULFXOWXUDO�ELRGLYHUVLW\�DQG�IDUP�
EDVHG� IRRG�VHFXULW\��$Q� LQGHSHQGHQW� VWXG\�SUHSDUHG�E\� WKH
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��
� 5XUDO�$GYDQFHPHQW� )RXQGDWLRQ� ,QWHUQDWLRQDO� IRU� WKH� )RRG

DQG�$JULFXOWXUDO�2UJDQL]DWLRQ�RI�WKH�8QLWHG�1DWLRQV��2WWDZD��
&DQDGD�

7DPXUD��.���'��3HWHUVRQ��1��3HWHUVRQ��*��6WHFKHU��0��1HL��DQG�6��
.XPDU��6��������0(*$���0ROHFXODU�(YROXWLRQDU\�*HQHWLFV�
$QDO\VLV�XVLQJ�0D[LPXP�/LNHOLKRRG��(YROXWLRQDU\�'LVWDQFH��
DQG� 0D[LPXP� 3DUVLPRQ\� 0HWKRGV�� 0RO�� %LRO�� (YRO�� ����
����������

7KRPSVRQ��-�'���'�*��+LJJLQV��DQG�7�-��*LEVRQ��������&OXVWDO:�
��LPSURYLQJ�WKH�VHQVLWLYLW\�RI�SURJUHVVLYH�PXOWLSOH�VHTXHQFH�
DOLJQPHQW�WKURXJK�VHTXHQFH�ZHLJKWLQJ��SRVLWLRQ�VSHFL¿F�JDS�
SHQDOWLHV�DQG�ZHLJKW�PDWUL[�FKRLFH��1XFOHLF�$FLGV�5HV������
����������

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

)XQGLQJ� IRU� WKLV� VWXG\� ZDV� SURYLGHG� E\� UHVHDUFK�
JUDQW� IURP� WKH� %LRWHFKQRORJ\� ,PSOHPHQWDWLRQ� 3URJUDP��
'HSDUWPHQW�RI�$JULFXOWXUH�3KLOLSSLQHV��3HUVRQDO�DSSUHFLDWLRQ�
LV� H[WHQGHG� WR� -RVHQLHWR� %LKLV�� 0DQXHO� 1DO]DUR�� 1HVWRU�
(EXHQJD�� )UDQFLVFR�*HURPR��5D\PXQG�/HGHVPD��5RJHOLR�
7DPD\R�� 3HDOH� -RQ� %RQGRF�� 5XVWLFR� 0RUDOHV�� $JDSLWD�
6DOFHV��5RJHU�/RSH]��DQG�$QWKRQ\�<DS�IRU�WKHLU�DVVLVWDQFH�
LQ�WKH�FROOHFWLRQ�RI�VDPSOHV��)LQDOO\��VSHFLDO�WKDQNV�DUH�JLYHQ�
WR�:DOWHU�,VUDHO��-RUJH�'RPLQJXH]��DQG�1HVWRU�(EXHQJD��-U��
IRU�SUHSDULQJ�VSHFLPHQV�DQG�DVVLVWDQFH�ZLWK�PROHFXODU�ZRUN�
LQ�WKH�ELRWHFKQRORJ\�ODERUDWRU\�

3XEOLFDWLRQ� RI� WKLV� DUWLFOH� LV� VXSSRUWHG� WKURXJK� D�
YLVLWLQJ�SURIHVVRUVKLS�DZDUGHG�WR�WKH�DXWKRU�LQ������WR������
E\�WKH�)RRG�6HFXULW\�&HQWHU�LQ�FRRSHUDWLRQ�ZLWK�WKH�,QVWLWXWH�
RI� $QLPDO� 3URGXFWLRQ� IRU� WKH� 7URSLFV� DQG� 6XEWURSLFV��
8QLYHUVLW\�RI�+RKHQKHLP��6WXWWJDUW��*HUPDQ\�

DNA Barcoding of Red Jungle Fowls



(YDOXDWLQJ�3DWWHUQV�RI�)LVK�$VVHPEODJH�&KDQJHV�IURP�'LIIHUHQW�$JHG�5HIRUHVWHG�
0DQJURYHV�LQ�/LQJD\HQ�*XOI
6KLHODPHK�$��3HUDOWD�0LODQ��DQG�6HYHULQR�*��6DOPR�,,,2

$%675$&7

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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