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3ODQW�GLYHUVLW\��DERYHJURXQG�ELRPDVV��DQG�FDUERQ�VWRFN�DORQJ�SRUWLRQV�RI�4XH]RQ�0RXQWDLQ�5DQJH�ZHUH�DVVHVVHG�
in three elevation gradients, e.g., low (400-799 m a.s.l.), middle (800-1,199 m a.s.l.), and high (1,200-1,600 m a.s.l.) in 
6RXWKHUQ�0LQGDQDR�XVLQJ�TXDGUDW�VDPSOLQJ�WHFKQLTXH��$�WRWDO�RI�����SODQW�VSHFLHV�ZHUH�LGHQWL¿HG�LQFOXGLQJ�WKUHDWHQHG�
Shorea contorta, Parashorea malaanonan, Dillenia philipinensis, Alstonia macrophylla, Cinammomum mercadoi, 
Palaqium luzoniense, Neolitsea vidalii, Dacrycarpus elatumi, and Dacrycarpus imbricatus. On the average, low 
diversity was recorded in all gradients particularly in low and middle elevation ranges where alteration of vegetation 
cover, and proliferation of bio-invasive Piper aduncum were observed. Biomass and carbon stock were largest in high 
elevation where the inaccessible old growth forest is located compared to a proposed mine site in low and middle 
elevation that are predominated by grassland, farmlands, disturbed secondary growth forest, and human settlements. 
Overall, carbon stocks ranged from 33.8 to 192.0 MgC ha-1 suggesting the good potential of the area to mitigate 
climate change. Sustainable management of biodiversity and carbon stock is needed by apportioning productive and 
protective zones in the mountain.
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)RUHVW�SOD\V�D�PDMRU�UROH�LQ�ELRGLYHUVLW\�FRQVHUYDWLRQ�
DQG�JOREDO�FDUERQ�F\FOH�EHFDXVH�LW�FRYHUV������RI�WKH�WRWDO�
ODQG�DUHD�WKDW�VHUYHV�DV�KDELWDW� WR�GLYHUVH�ÀRUD��IDXQD��DQG�
PLFUREHV�� DQG� VWRUHV� YDVW� DPRXQW� RI� FDUERQ� �FAO 2006����
$PRQJ�WKH�IRUHVW�W\SHV��WURSLFDO�IRUHVW�LV�WKH�PRVW�GLYHUVHG�
RFFXS\LQJ�RQO\�VHYHQ�SHUFHQW�RI�WKH�HDUWK¶V�ODQG�VXUIDFH�\HW�
FRQWDLQLQJ�PRUH�WKDQ�KDOI�RI�WKH�SODQHW¶V�OLIH�IRUPV��Myers 
1984; Wilson 1988�� DQG� VWRUHV� ���� JLJDWRQV� RI� FDUERQ�
�Lasco 2002����,Q�WKH�3KLOLSSLQHV���������VSHFLHV�RI�SODQWV�RU�
¿YH�SHU�FHQW�RI�WKH�ZRUOG�VWRFN�DUH�IRXQG�LQ�WURSLFDO�IRUHVW�
�Zamora and Co 1986���7KHVH�LQFOXGH�JLJDQWLF�GLSWHURFDUS�
WUHHV�ZKLFK�DUH�PDMRU�VLQNV�RI�FDUERQ���%DVHG�RQ�HVWLPDWHV��
WKH�3KLOLSSLQH�WURSLFDO�IRUHVW�VHTXHVWHUV�����0W�\U���&2

2
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DPRXQW� WKDW� LV� DOPRVW� HTXDO�ZLWK� WKH� FRXQWU\¶V� WRWDO�*+*�
HPLVVLRQ��Lasco and Pulhin 2003���+RZHYHU��GHIRUHVWDWLRQ�
SXVKHV� ELRGLYHUVLW\� DQG� FDUERQ� VWRFNV� WR� GHFOLQH��Hilton-
Taylor �2000��OLVWHG�DW�OHDVW�����VSHFLHV�XQGHU�WKH�IDPLOLHV�
RI� Dipterocarpaceae�� Myristicaceae�� Euphorbiacea��
Meliaceae�� Leguminosae�� Sapindaceae�� Annonaceae��
Apocynaceae�� Sapotaceae�� Lauraceae�� Palmae�� DQG�
Elaeocarpaceae� WKDW� DUH� GHFOLQLQJ� LQ� SRSXODWLRQ� EHFDXVH�
RI� KDELWDW� GHJUDGDWLRQ�� QRWZLWKVWDQGLQJ� XQNQRZQ� VSHFLHV�
WKDW� DUH� DOVR� GLVDSSHDULQJ� DW� XQNQRZQ� UDWHV� �Pimm et al. 
1995����7KH�3KLOLSSLQHV�ORVW�PRUH�WKDQ������RI�LWV�WURSLFDO�
IRUHVW� RYHU� WKH� SDVW� FHQWXU\� ZKLFK� DFFRXQWV� IRU� DW� OHDVW�
WZR� SHU� FHQW� RI� WRWDO� JOREDO� HPLVVLRQV� IURP� GHIRUHVWDWLRQ�
�Lasco 1998; Sheeran 2006��� � &XUUHQWO\�� WKH� FRXQWU\� KDV

DERXW� ����0� KD� RI� IRUHVW� FRYHU��PRVWO\� LQ� WKH�PRXQWDLQV��
OHIW�ZLWK�DQ�DQQXDO�GHIRUHVWDWLRQ�UDWH�RI��������FAO 2006����
)RUHVW�FRQYHUVLRQ�LQWR�DJULFXOWXUH��OHJDO�DQG�LOOHJDO�ORJJLQJ��
WLPEHU�SRDFKLQJ��DQG�PLQLQJ�DUH�VRPH�RI�WKH�PDMRU�FDXVHV�
RI�GHIRUHVWDWLRQ�DQG�IRUHVW�GHJUDGDWLRQ��Bankoff 2007; Liu 
et. al 1993��

5HGXFLQJ� GHIRUHVWDWLRQ� ZLOO� KHOS� LPSURYH� KDELWDW��
ELRGLYHUVLW\�� DQG� FDUERQ� VWRFNV�� 7KLV� FDQ� EH� DFKLHYHG� E\�
UHSODFLQJ�WKH�GULYHUV�RI�GHIRUHVWDWLRQ�ZLWK�VXVWDLQDEOH�IRUHVW�
SUDFWLFHV�WKDW�ZLOO�\LHOG�ORQJ�WHUP�HFRORJLFDO�DQG�HFRQRPLF�
EHQH¿WV� �FPEP 2007��� )RU� LQVWDQFH�� LQFHQWLYH�EDVHG�
DSSURDFKHV�VXFK�DV�SD\PHQW�IRU�HQYLURQPHQWDO�VHUYLFH��3(6���
&OHDQ� 'HYHORSPHQW� 0HFKDQLVP� �&'0��� DQG� 5HGXFLQJ�
(PLVVLRQ� IURP� 'HIRUHVWDWLRQ�� DQG� )RUHVW� 'HJUDGDWLRQ�
�5(''��FDQ�KHOS�SURYLGH�DOWHUQDWLYH�OLYHOLKRRGV�DQG�HQKDQFH�
HFRV\VWHP�YDOXHV�VXFK�DV�IRRG��PHGLFLQH��ZDWHU��HFRWRXULVP��
DQG�FDUERQ�VHTXHVWUDWLRQ��Winrock International 2004, UN-
REDD 2008��� +RZHYHU�� DGRSWLRQ� RI� WKHVH� VFKHPHV� VWLOO�
UHPDLQV� D�PDMRU� FKDOOHQJH� EHFDXVH� RI� OLPLWHG� LQIRUPDWLRQ�
DERXW�WKH�VWDWXV�DQG�YDOXHV�RI�RXU�HFRV\VWHPV��Padilla et. al. 
2005; Lasco et al. 2008����2QH�H[DPSOH�RI�ZKLFK�LV�WKH�FDVH�
RI�4XH]RQ�0RXQWDLQ�5DQJH� LQ�6RXWKHUQ�0LQGDQDR� WKDW� LV�
EHLQJ�SURSRVHG�IRU�PLQLQJ�\HW�QR�DVVHVVPHQW�DERXW�LWV�SODQW�
GLYHUVLW\�DQG�DERYHJURXQG�FDUERQ�VWRFNV�ZHUH�XQGHUWDNHQ��
7KLV� VWXG\� WKHUHIRUH� DLPV� WR� DVVHVV� SODQW� GLYHUVLW\� DQG�
DERYHJURXQG� FDUERQ� VWRFNV� DORQJ� DOWLWXGLQDO� JUDGLHQWV� RI�

��&ROOHJH�RI�)RUHVWU\�DQG�1DWXUDO�5HVRXUFHV��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�/RV�%DxRV��&ROOHJH��/DJXQD�������3KLOLSSLQHV�DQG�&ROOHJH�RI�)RUHVWU\�DQG�1DWXUDO�5HVRXUFHV��
8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�/RV�%DxRV��&ROOHJH��/DJXQD�������3KLOLSSLQHV

��'HSDUWPHQW�RI�)RUHVW�6FLHQFHV�DQG�5HVHDUFK�,QVWLWXWH�IRU�$JULFXOWXUH�DQG�/LIH�6FLHQFHV��&ROOHJH�RI�$JULFXOWXUH�DQG�/LIH�6FLHQFHV��6HRXO�1DWLRQDO�8QLYHUVLW\��6HRXO�
���������.RUHD
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4XH]RQ� 0RXQWDLQ� 5DQJH� WR� GHWHUPLQH� YLWDO� HFRORJLFDO�
LQIRUPDWLRQ�IRU�LWV�VXVWDLQDEOH�PDQDJHPHQW�DQG�ELRGLYHUVLW\
FRQVHUYDWLRQ�

METHODS

6WXG\�VLWH�

7KH� VWXG\� VLWH� LV� D� SRUWLRQ� RI� 4XH]RQ� 0RXQWDLQ�
5DQJH� FRQQHFWHG� WR�0W��0DWXWXP�3URWHFWHG�/DQGVFDSH� LQ�
0LQGDQDR�,VODQG��3KLOLSSLQHV��)LJXUH�����,W�LV�ORFDWHG�DW����
��¶���´�1�DQG��������¶���´�(�ZLWK�DQ�DUHD�RI��������KD��,W�LV�
ERXQGHG�E\�WKUHH�SURYLQFHV�QDPHO\��6XOWDQ�.XGDUDW��1RUWK���
'DYDR�GHO�6XU��(DVW���DQG�6RXWK�&RWDEDWR��6RXWK�DQG�:HVW����
7KH� FOLPDWH� EHORQJV� WR� &OLPDWLF� 7\SH� ,9� RI� WKH� &RURQD�
&ODVVL¿FDWLRQ�6\VWHP�FKDUDFWHUL]HG�E\�PHDQ�DQQXDO�UDLQIDOO�
RI� �������������PP� DQG� WHPSHUDWXUH� RI� DERXW� ����������
�&�� 6RLO� LV� JHQHUDOO\� YROFDQLF� LQ� RULJLQ� �Pampolina et al. 
2005��

6DPSOLQJ�0HWKRG

6DPSOH�SORWV�ZHUH�HVWDEOLVKHG�FRYHULQJ�WKUHH�HOHYDWLRQ�
JUDGLHQWV��WKDW�LV��ORZ����������P�D�V�O����PLGGOH������������
P�D�V�O���� DQG�KLJK� �������������P�D�V�O��� �)LJXUH����� �7KH�
ORZ� HOHYDWLRQ� LV� GRPLQDWHG� E\� JUDVVHV� DQG� VKUXEV� ZLWK�
SDWFKHV� RI� H[RWLF�� DQG� LQGLJHQRXV� WUHHV� ZKHUH� kaingin RU�
VKLIWLQJ� FXOWLYDWLRQ� LV� FRPPRQ��7KH�PLGGOH� HOHYDWLRQ� LV� D�
VHFRQGDU\�JURZWK�IRUHVW�ZLWK�VSRWV�RI�GLSWHURFDUS�DQG�QRQ�
GLSWHURFDUS�VWDQGV��GHQVH�ULSDULDQ�]RQH��DJURIRUHVW�IDUPV��DQG�
GRPLQDQFH�RI�LQYDVLYH�Piper aduncum��7KH�KLJK�HOHYDWLRQ�
LV� DQ� ROG� JURZWK� IRUHVW� WKDW� VKHOWHUV� FOLPD[� WUHHV� VXFK� DV�
GLSWHURFDUSV��ODXUDFHRXV��P\UWDFHRXV��IDJDFHRXV��DQG�VRPH�
FRQLIHUV��'LVWXUEDQFH�LV�PLQLPDO�DW�WKLV�UDQJH�EHFDXVH�ORFDO�
FRPPXQLWLHV�SURKLELW�WLPEHU�FXWWLQJ�DQG�IDUPLQJ�LQ�WKH�DUHD�

6WDQGDUG�SURFHGXUH�IRU�TXDGUDW�VDPSOLQJ�ZDV�DSSOLHG

�Pielou 1995���7HQ�VDPSOH�SORWV�PHDVXULQJ���P�[���P�ZHUH�
HVWDEOLVKHG� DORQJ� D� NLORPHWHU� WUDQVHFW� LQ� HDFK� HOHYDWLRQ�
JUDGLHQW��7UHHV�ZLWK�GLDPHWHU�DW�EUHDVW�KHLJKW��'%+��JUHDWHU�
WKDQ� RU� HTXDO� WR� ¿YH� FP�ZHUH� LGHQWL¿HG� DQG�PHDVXUHG��$�
KHUEDULXP�ZDV�SUHSDUHG�E\�FROOHFWLQJ�VWHULOH�DQG�QRQ�VWHULOH�
SDUWV�IRU�IXUWKHU�YHUL¿FDWLRQ�RI�WD[D�DW�WKH�0XVHXP�RI�1DWXUDO�
+LVWRU\� DW� WKH� 8QLYHUVLW\� RI� WKH� 3KLOLSSLQHV� /RV� %DxRV��
8QGHUVWRU\� DQG� OLWWHU� VDPSOHV� ZHUH� UDQGRPO\� FROOHFWHG�
ZLWKLQ���P�î���P�VXESORWV�LQVLGH�WKH����P�î����P�SORW�DQG�
ZHUH�RYHQ�GULHG�DW�����R&�WR�FRQVWDQW�GU\�ZHLJKW��(OHYDWLRQ�
DQG�ORFDWLRQ�RI�VDPSOLQJ�SORWV�ZHUH�REWDLQHG�XVLQJ�*DUPLQ�
H7UH[�+�YHU�������

� �
'LYHUVLW\�LQGH[��ELRPDVV��DQG�FDUERQ�VWRFN

6SHFLHV� GLYHUVLW\� LQGH[� LQ� HDFK� SORW� ZDV� PHDVXUHG�
XVLQJ� WKH�6KDQQRQ�:LHQHU� LQGH[� �+¶�� �Maguran 1988��� ,W�
ZDV�LQWHUSUHWHG�XVLQJ�WKH�GHVFULSWLRQV�SURSRVHG�E\�Fernando�
�1998���H�J���D���ORZ��+¶ �������������E��PRGHUDWH��+¶ ������
�������DQG�F���KLJK��+¶ ������������

6KDQQRQ�:HLQHU�,QGH[��+¶��

ZKHUH��V� �QXPEHU�RI�VSHFLHV
3L� �SURSRUWLRQ�RI� LQGLYLGXDOV� WR� WKH�LWK�VSHFLHV�DV�D�

SRUWLRQ�RI�WKH�WRWDO�FRYHU
��OQ� �ORJ�EDVH�Q

7UHH�ELRPDVV�ZDV�PHDVXUHG�XVLQJ�WKH�JHQHUDO�DOORPHWULF�
HTXDWLRQ� GHYHORSHG� E\� Brown� �1997�� IRU� WURSLFDO� IRUHVWV�
ZLWK�SUHFLSLWDWLRQ�RI�����������PP�\U�����7KLV�HTXDWLRQ�KDV�
D�FRUUHODWLRQ�FRHI¿FLHQW�RI�52 �����

7UHH�ELRPDVV��NJ�� �������î�'%+����
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�
Figure 1. Satellite image of the study site in Quezon Mountain 

Range, Southern Mindanao.

�
)LJXUH����*HQHUDO�YLHZ�RI�YHJHWDWLRQ�SUR¿OH�RI�WKH�VWXG\�VLWH�

(Photos by J. Pollisco).
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7KH� FRQWULEXWLRQ� RI� XQGHUVWRU\� KHUEDFHRXV� �H�J��
JUDVVHV��ZLOGOLQJV��ZHHGV�VKUXEV��DQG�QHFURPDVV��OLWWHU�DQG�
IDOOHQ�EUDQFKHV��WR�WRWDO�ELRPDVV�ZHUH�GHWHUPLQHG�XVLQJ�WKH�
IROORZLQJ�HTXDWLRQ�

'U\�PDVV� �NJ��  � �VXEVDPSOH� GU\�PDVV� �� VXEVDPSOH� IUHVK�
PDVV��[�IUHVK�PDVV�RI�ZKROH�VDPSOH�����������

7UHH�FDUERQ�VWRFN�ZDV�FRPSXWHG�E\�PXOWLSO\LQJ�$*%�
ZLWK� � WKH� ,3&&�GHIDXOW� �FDUERQ� � IUDFWLRQ� �YDOXH� �RI� �������
�Houghton et al. 1997���)RU�JUDVVHV�DQG�QHFURPDVV��FDUERQ�
VWRFN�ZDV�FRPSXWHG�E\�PXOWLSO\LQJ�WKHLU�UHVSHFWLYH�GU\�PDVV�
YDOXH��ZLWK��������DQG�����������UHVSHFWLYHO\��DV��SURSRVHG��LQ��Lasco 
et al.��2001���7RWDO�DERYHJURXQG�FDUERQ�VWRFN�ZDV�REWDLQHG��
E\� JHWWLQJ� WKH� VXP� RI� WUHH� DQG� XQGHUVWRU\� FDUERQ� VWRFNV�

&RUUHODWLRQ�WHVW�ZDV�DOVR�SHUIRUPHG�DPRQJ�HOHYDWLRQ��
GLYHUVLW\��DQG�FDUERQ�VWRFN�WR�FKHFN�LI�WKHLU�YDOXHV�LQÀXHQFH�
RQH�DQRWKHU��&RUUHODWLRQ�UHVXOWV�ZHUH�WHVWHG�DW�D�VLJQL¿FDQFH�
OHYHO�p���Į �������

5(68/76�$1'�',6&866,21

)ORULVWLF�GLYHUVLW\

5HFRQQDLVVDQFH�VXUYH\�RI� WKH�VWXG\�VLWH� OLVWHG�D� WRWDO�
RI�����SODQW�VSHFLHV��%\�FRPSDULVRQ��WKH�VSHFLHV�ULFKQHVV�LQ�
WKUHH�JUDGLHQWV�ZHUH���������DQG����LQ�ORZ��PLGGOH�DQG�KLJK�
HOHYDWLRQ�� UHVSHFWLYHO\�� 7KHVH� LQFOXGH� VRPH� HFRORJLFDOO\�
WKUHDWHQHG� SODQWV� EDVHG� RQ� WKH� ����� ,8&1� 5HG� /LVW� RI�
7KUHDWHQHG� 6SHFLHV� QDPHO\�� Shorea contorta�� Dillenia 
philipinensis�� Alstonia macrophylla�� Cinnammomum 
mercadoi�� Palaqium luzoniense�� DQG� Neolitsea vidalii 
IURP� ORZ� DQG� PLGGOH� VORSHV�� DQG� Dacrycarpus elatum��
Dacrycarpus imbricatus�IURP�KLJK�HOHYDWLRQ���7KH�SUHVHQFH�
RI�WKHVH�VSHFLHV�LQGLFDWHV�WKH�QHHG�IRU�IRUHVW�FRQVHUYDWLRQ�WR�
PDLQWDLQ�RU�HQKDQFH�ÀRULVWLF�GLYHUVLW\��

�
,Q� WHUPV� RI� GLYHUVLW\�� HVWLPDWHV� ZHUH� JHQHUDOO\� ORZ�

IRU�DOO�JUDGLHQWV��7KHLU�GLVWULEXWLRQ�DFURVV�HOHYDWLRQ�UDQJHV�
IROORZHG�D� WUHQG��KLJK�!�PLGGOH�!� ORZ� �7DEOH����� � ,Q� ORZ�
HOHYDWLRQ�� GLYHUVLW\�ZDV� RQO\�+¶ ����������ZKLFK� FDQ� EH�
DWWULEXWHG�WR�LWV�RSHQ�DQG�GLVWXUEHG�FRQGLWLRQ���7KH�SUHVHQFH�
RI� NDLQJLQ� IDUPV� DQG� ODQG�SUHSDUDWLRQ� DFWLYLWLHV� IRU� IXWXUH�
FRSSHU�PLQLQJ�KDV�FRQWULEXWHG�WR�WKH�UHPRYDO�RI�DW�OHDVW����
SHU�FHQW�RI�WKH�RULJLQDO�IRUHVW�FRYHU��Pampolina et al. 2005����
&RQVHTXHQWO\��IHZHU�WUHHV�ZHUH�DFFRXQWHG�DW�WKLV�UDQJH���$�
VLPLODU� ¿QGLQJ� ZDV� UHSRUWHG� E\� Gevaña and Pampolina 
�2008�� LQ�0W��0DNLOLQJ�� /DJXQD� 3URYLQFH�ZKHUH� GLYHUVLW\�
RI�WKH�IRRWKLOO����±����P�D�V�O���ZDV�+¶ �������)RUHVW�FRYHU�
RI� WKLV� JUDGLHQW� ZDV� DOVR� IUDJPHQWHG� GXH� WR� NDLQJLQ� DQG�
H[SDQVLRQ�RI�VHWWOHPHQW�DUHDV���&RQYHUVHO\��KLJKHU�GLYHUVLW\�
ZDV� REVHUYHG� LQ� WKH� VWULFWO\� SURWHFWHG� 0W�� 3DQJDVXJDQ�
���������� P� D�V�O��� LQ� /H\WH� 3URYLQFH� ZKHUH� GLYHUVLW\�
UDQJHG� IURP� +¶ ���� WR� ���� �Langenberger et al. 2006��

0LGGOH� HOHYDWLRQ� KDV� D� GLYHUVLW\� RI� +¶ ������������
'HVSLWH�D�GHQVH�IRUHVW�FRYHU��RQO\�IHZ�WUHHV�WHQG�WR�GRPLQDWH�
WKLV� UDQJH� SDUWLFXODUO\� WKH� ELR�LQYDVLYH� Piper aduncum���
Piper aduncum��Piperaceae��RU�bamboo piper�LV�D�VPDOO�WUHH�
WKDW�JURZV�IURP�QHDU�VHD�OHYHO�WR�PRUH�WKDQ�����P�JUDGLHQWV��
ZLWK�DV�PXFK�DV���P�LQ�KHLJKW�DQG����FP�GLDPHWHU�DW�EUHDVW�
KHLJKW�� DQG� FRPPRQO\� GLVWULEXWHG� LQ�:HVW� ,QGLHV�� WURSLFDO�
6RXWK�DQG�&HQWUDO�$PHULFD��0HODQHVLD�DQG�3RO\QHVLD�UHJLRQV�
�Siget et al. 2005���ENFOR��2007��KDV�D�FRPSDUDEOH�¿QGLQJ�
RQ�WKH�SRVVLEOH�GHWULPHQWDO�HIIHFWV�RI�ELR�LQYDVLYH�VSHFLHV�RQ�
ÀRULVWLF�GLYHUVLW\�RI�$QJDW�:DWHUVKHG�LQ�/X]RQ��3KLOLSSLQHV���
,Q�WKHLU�VWXG\��GLYHUVLW\�ZDV�IRXQG�ORZ�DW�PLGGOH�HOHYDWLRQ�
JUDGLHQW������P�WR������P�D�V�O���ZKHUH�IDVW�JURZLQJ�H[RWLF�
WUHHV�VXFK�DV�Swietenia macrophylla�DQG�Gmelina arborea 
SUHGRPLQDWH��'LYHUVLW\�RI�WKDW�VLWH�ZDV�+¶ ������Baguinon 
et al.��2003��GHVFULEHG�WKDW�ELR�LQYDVLYH�SODQWV�XVXDOO\�KDYH�
DOORSDWKLF�PHFKDQLVPV�WKDW�FDQ�VXSSUHVV�WKH�JURZWK�RI�RWKHU�
VSHFLHV�

/DVWO\�� GLYHUVLW\� RI� KLJK� HOHYDWLRQ� JUDGLHQW� ZDV�
+¶ ����������� $� FRPSDUDEOH� HVWLPDWH� ZDV� UHSRUWHG� E\�
Amoroso et al. �2009�� LQ�0W�� +DPJXLWDQ�� 'DYDR�2ULHQWDO�
����� P� WR� ����� P�� ZKHUH� GLYHUVLW\� ZDV� RQO\� +¶ ��������
'LYHUVLW\�RI�WURSLFDO�PRXQWDLQ�SHDNV�DUH�RIWHQ�ORZ�EHFDXVH�
WKHUH�DUH�IHZ�VSHFLHV�WUHHV�WKDW�FDQ�WKULYH�DW�WKLV�UDQJH��ZKHUH�
H[WUHPH�HQYLURQPHQWDO�FRQGLWLRQ��H�J��ORZ�WHPSHUDWXUH��KLJK�
PRLVWXUH��H[SRVXUH�WR�VRODU�UDGLDWLRQ�DQG�VWURQJ�ZLQG��DQG�
VWHHS�WRSRJUDSK\��LV�FRPPRQ��Antonio et al. 1998; Aiba and 
Kitayama 1999���1HYHUWKHOHVV��WKH�GLYHUVLW\�RI�WKLV�JUDGLHQW�
ZDV�VWLOO�KLJKHU�FRPSDUHG�WR�ORZ�DQG�PLGGOH�HOHYDWLRQ�ZKLFK�
FDQ�EH�DWWULEXWHG�WR�LWV�SURWHFWHG�FRQGLWLRQ��

%LRPDVV�DQG�FDUERQ�VWRFN

Tree

,Q� ORZ� HOHYDWLRQ� Trema orientalis� UHJLVWHUHG� WKH�
ODUJHVW�'%+�DQG�KHLJKW�ZLWK����FP�DQG����P��UHVSHFWLYHO\��
2WKHU�WUHHV�WKDW�DOVR�SUHGRPLQDWHG�WKLV�UDQJH�ZHUH�Leucaena 
leucocephala��Cocos nucifera�DQG�Diplodiscus suluensis��,Q�
PLGGOH�HOHYDWLRQ��VHYHUDO�WUHHV�H[FHHGHG����FP�LQ�'%+�VXFK�
DV�Bridelia penangiana��Cinnamomum mercadoi��Dillenia 
philippinensis�� Ficus magnoliifolia�� Ficus pubinervis��
Lithocarpus suliti�� DQG� Litsea glutinosa�� +RZHYHU�� IHZ�
WUHHV� DOVR� VKRZHG� VPDOO� GLDPHWHU� DQG� KHLJKW� SDUWLFXODUO\�
WKH�FRPPRQO\�OLVWHG�Piper aduncum��/DVWO\��KLJK�HOHYDWLRQ�
LV� GRPLQDWHG� E\� VHYHUDO� WUHHV� LQFOXGLQJ�Ardisia darlingii��
Crotoxylum sumatranum�� Cryptocarya oligophlebra��
Osmelia philippina�� Pipturus arborescens�� DQG� IHZ�
Lithocarpus�DQG�Syzigium�WUHH�VSHFLHV��7DEOH����

,Q� ORZ� HOHYDWLRQ�� HVWLPDWHV�ZHUH� KLJK� LQ�3ORWV� �� DQG�
���%LRPDVV� DQG� FDUERQ� VWRFNV� LQ� WKHVH� SORWV�ZHUH� DW� OHDVW�
������ 0J&� KD��� DQG� ���� 0J&� KD���� UHVSHFWLYHO\�� 7KH�
SUHVHQFH�RI�SLRQHHU�WUHHV�VXFK�DV�WKH�OHJXPLQRXV�Leucaena

22
Plant Diversity and Aboveground Carbon Stock



��

leucocephala� ���±��� FP�'%+�� DQG�Diplodiscus suluensis�
������� FP� '%+�� FRQWULEXWHG� ODUJHO\� WR� ELRPDVV� DQG�
DVVRFLDWHG�FDUERQ�VWRFN�SURGXFWLRQ�RI�WKHVH�SORWV��Schroeder�
�1992��QRWHG�WKDW�SLRQHHU�WUHHV�FDQ�EH�JRRG�FDUERQ�VHTXHVWHUV�
RQFH� WKHLU� IUHTXHQF\� LV� HQKDQFHG�� ,W� ZDV� HVWLPDWHG� WKDW� D�
VHYHQ�\HDU�ROG�L. leucocephala� FDQ� VWRUH� DW� OHDVW����0J&�
KD����Lasco and Pulhin��2003��DOVR�VXJJHVWHG�DQ�DYHUDJH�RI�
����0J&� KD��� IRU� D� PDWXUH� OHJXPLQRXV� SODQWDWLRQ�� 2WKHU�
DGGLWLRQDO�EHQH¿WV�RI�PDQDJLQJ�SLRQHHU� WUHHV� LQFOXGH� IXHO��
ZRRG��VORSH�VWDELOL]DWLRQ��DQG�VRLO�HQULFKPHQW�GXULQJ�IDUP�
IDOORZ��1R�WUHH�ZDV�UHFRUGHG�LQ�3ORWV����������DQG�����KHQFH��
QR�HVWLPDWH�ZDV�FRPSXWHG�IRU�WKHVH�SORWV��7KH�RYHUDOO�PHDQ�
ELRPDVV� DQG� FDUERQ� VWRFN� LQ� ORZ� HOHYDWLRQ� JUDGLHQW� ZHUH�
�����0J&�KD���DQG������0J&�KD����UHVSHFWLYHO\��7DEOH�����

$W� WKH� PLGGOH� HOHYDWLRQ�� WUHH� ELRPDVV� DQG� FDUERQ�
VWRFN�ZHUH�����0J&�KD���DQG������0J&�KD����UHVSHFWLYHO\��
9DOXHV�ZHUH�SDUWLFXODUO\�KLJKHVW�LQ�3ORW���ZKHUH�ODUJH�WUHHV�
VXFK� DV� Litsea glutinosa� DQG� Alstonia macrophylla ZHUH�
OLVWHG����7KLV�SORW�KDV�D�FDUERQ�VWRFN�RI�����0J&�KD����Ficus 
pubinervis��Lithocarpus sulitii��Toona ciliata��Cinnamomum 
mercadoi��DQG�Linociera coriacea DOVR�FRQWULEXWHG�PXFK�WR�
DERYHJURXQG�FDUERQ�

/DUJHVW� ELRPDVV� DQG� FDUERQ� VWRFN� ZHUH� REVHUYHG� LQ�
KLJK�HOHYDWLRQ�UDQJH�ZLWK�������0J&�KD���DQG�������0J&�
KD���� UHVSHFWLYHO\�� $PRQJ� WKH� SORWV�� 3ORW� �� UHJLVWHUHG� WKH�
ODUJHVW� HVWLPDWH� ZLWK� ������0J&� KD��� RZLQJ�PXFK� WR� WKH�
SUHVHQFH�RI�Lithocarpus�WUHHV��2WKHU�SORWV�DOVR�VKRZHG�ODUJH�
FDUERQ�VWRFNV�WKDW�UDQJHG�IURP����WR�����0J&�KD����Syzigium 
WUHHV��Crotoxylum sumatranum��DQG�Osmelia philippina DOVR�
FRQWULEXWHG�PXFK�WR�WKLV�UDQJH¶V�FDUERQ�VWRFNV��

Understory

,Q�ORZ�HOHYDWLRQ��PRUH�FDUERQ�LV�VWRUHG�LQ�KHUEV�������
0J&�KD����WKDQ�LQ�QHFURPDVV�������0J&�KD�����7KLV�FDQ�EH

H[SODLQHG�E\�WKH�VLWH¶V�RSHQ�FRQGLWLRQ�ZKHUH�JUDVVHV��ZHHGV��
DQG�VKUXEV�SUHGRPLQDWH��7RWDO�FDUERQ�VWRFN�ZDV�HVWLPDWHG�DW�
��W&�KD����$FFRUGLQJ�WR�Lasco and Pulhin��2003���GHJUDGHG�
DUHDV�VXFK�DV�JUDVVODQG�DQG�VKUXE�ODQG�KDYH�ORZ�FDSDFLW\�WR�
DFFXPXODWH�FDUERQ�ZLWK�RQO\�DV�PXFK�DV����0J&�KD���7DEOH�
4���

� ,Q�PLGGOH� HOHYDWLRQ��XQGHUVWRU\�ELRPDVV�DQG�FDUERQ�
VWRFN�ZHUH������0J&�KD��� DQG�����0J&�KD���� UHVSHFWLYHO\��
%LJJHVW� VKDUH� RI� WKHVH� YDOXHV� ZHUH� IURP� OLWWHU� DQG�
GHFD\LQJ� EUDQFKHV� RI� DERXW� ����� 0J&� KD��� �7DEOH� ����
8QGHUVWRU\� SRROV� FDQ� PRXQG� WR� ���� 0J&� KD��� �Lasco et 
al. 2007��� � (VWLPDWHV� FRXOG� DOVR� GLIIHU� LQ� VL]H� GHSHQGLQJ�
RQ� VSHFLHV� FRPSRVLWLRQ�� YHJHWDWLRQ� FRYHU�� SUHVHQFH� RI�
GLVWXUEDQFH�� DQG� VHDVRQDO� YDULDWLRQV� LQ� UHJHQHUDWLRQ�� OLWWHU�
IDOO��DQG�QHFURPDVV�GHFRPSRVLWLRQ��Lorenz and Lal 2010��

9DOXHV� ZHUH� ODUJHVW� LQ� KLJK� HOHYDWLRQ� ZLWK� D� PHDQ�
WRWDO� ELRPDVV� DQG� FDUERQ� VWRFN� RI� �����0J&� KD��� DQG� ����
0J&� KD���� UHVSHFWLYHO\�� $PRQJ� WKH� SORWV�� 3ORWV� �� DQG�
�� UHJLVWHUHG� WKH� ODUJHVW� FDUERQ� VWRFN� ZLWK� DW� OHDVW� �����
0J&� � KD���� 7KHVH� YDOXHV� DUH� FRPSDUDEO\� � KLJKHU� � WKDQ��
WKH��HDUOLHU�HVWLPDWHV��RI� �Kellman��1970��DQG�Lasco et al.�
�2006�� IRU� WKH�ROG�JURZWK� IRUHVW�RI�0LQGDQDR��3KLOLSSLQHV�
ZLWK� ���� 0J&� KD��� DQG� ���� 0J&� KD���� UHVSHFWLYHO\�� 6XFK�
GLIIHUHQFH� FDQ� EH� DWWULEXWHG� WR� WKH� YROXPLQRXV� DPRXQW�
RI� FRDUVH� ZRRG\� GHEULV� WKDW� ZHUH� REVHUYHG� LQ� WKLV� VWXG\�

7RWDO�DERYHJURXQG�ELRPDVV�DQG�FDUERQ�VWRFN

7RWDO� DERYHJURXQG� ELRPDVV� DQG� FDUERQ� VWRFN� LV�
SUHVHQWHG�LQ�)LJXUH����*HQHUDOO\��HVWLPDWHV�IROORZHG�D�WUHQG�
RI� KLJK� !� PLGGOH� !� ORZ�� +LJK� HOHYDWLRQ� KDV� WKH� GHQVHVW�
ELRPDVV�DQG�FDUERQ�VWRFNV�ZLWK�����W�KD���DQG�������0J&�KD�
���UHVSHFWLYHO\��2YHUDOO��VWDQGLQJ�ELRPDVV�RI�WUHHV�FRQWULEXWHG�
DW�OHDVW������LQ�WKH�WRWDO�ELRPDVV�DQG�FDUERQ�VWRFN�LQGLFDWLQJ�
WKHLU�VLJQL¿FDQW�UROH�LQ�FDUERQ�F\FOH�
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Plot 
1R�

/RZ�(OHYDWLRQ 0LGGOH�(OHYDWLRQ +LJK�(OHYDWLRQ
'LYHUVLW\�LQGH[�(H’) 6SHFLHV�ULFKQHVV 'LYHUVLW\�LQGH[�(H’) 6SHFLHV�ULFKQHVV 'LYHUVLW\�LQGH[�(H’) 6SHFLHV�ULFKQHVV

� Q�L� � ���� � ���� �
2 Q�L� � ���� � ���� 7

� ���� � ���� � ���� �
� ���� � ���� � ���� �
� Q�L� � ���� � ���� �
� ���� � ���� � Q�L� 2

7 Q�L� 2 ���� 7 ���� �
� Q�L� � ���� � ���� �
� Q�L� � ���� � ���� �
�� Q�L� � ���� � ���� �
0($1 ��������� ��������� ���������

Table 1. Tree diversity along elevation ranges in Quezon Mountain Range.

QL��QR�LQGH[�EHFDXVH�QR��RI�VSHFLHV�����



��

6FLHQWL¿F�QDPH 1R��RI�WUHHV 0HDQ�'%+��FP� 0HDQ�+HLJKW��P�
/RZ�(OHYDWLRQ

Cocos nucifera � ���� ����
Diplodiscus suluensis 2 ���� ����
Ficus variegata � ���� ����
Laportea brunea � ��� ���
Leucaena leucocephala 2 ���� ����
Musa acuminata 2 ���� ���
Trema orientalis � ���� ����

0LGGOH�(OHYDWLRQ
Alstonia macrophylla � ����
Bridelia penangiana 2 ���� ����
Cinnamomum mercadoi 2 ���� ����
Cryptocarya glauciphylla � ���� ����
Cyathea sp 2 ������ ���
Decaspermum sp. � ���� ����
Dillenia philippinensis � ���� ����
Ficus magnoliifolia � ����� ����
Ficus pubinervis 2 ���� ����
Laportea brunea � ��� ���
Linociera coriacea � ���� ����
Lithocarpus sp. � ���� ����
Lithocarpus sulitii � ���� ����
Litsea glutinosa 2 ���� ����
Neonauclea calycina � ���� ����
Osmelia philippina � ��� ���
Palaquium luzoniense � ��� ���
Piper aduncum � ��� ���
Syzygium sp. � ���� ����
Thespesia populnea � ��� ���
Toona ciliata 2 ���� ����
Tristinopsis acutangulo � ���� ���

+LJK�(OHYDWLRQ
Alstonia macrophylla � ���� ����
Ardisia darlingii � ���� ����
Astronia rolfei � ���� ����
Cinnamomum mercadoi � ���� ����
Crotoxylum sumatranum 2 ���� ����
Cryptocarya oligophlebra � ���� ����
Cythea contaminans � ���� ���
Decaspermum fruticosum 2 ���� ����
Discocalyx philippinensis � ���� ����
Ficus minnahassae � ��� ���
Ficus variegata � ��� ���
Lithocarpus sp. � ���� ����
Litsea garciae 2 ���� ����

Table 2. Diameter and height of trees along elevation ranges of the Quezon Mountain Range.
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'LIIHUHQFHV� LQ� WKH� HVWLPDWHV� DPRQJ� HOHYDWLRQ� UDQJHV�
FDQ� EH� H[SODLQHG� E\� WZR� LPSRUWDQW� IDFWRUV�� )LUVW�� FDUERQ�
VWRFN�LV�DIIHFWHG�E\�GHQVLW\�FRQGLWLRQ�DV�VHHQ�LQ�WKH�VSHFLHV�
ULFKQHVV�GLVWULEXWLRQ�LQ�7DEOH����,Q�ORZ�HOHYDWLRQ��WKH�DEVHQFH�
RI� WUHHV� LQ� VRPH� SORWV� DQG� WKH� DEXQGDQFH� RI� JUDVVHV� DQG�
DJULFXOWXUDO� FURSV� KDG� UHVXOWHG� WR� ORZ� FDUERQ� VWRFN�� �7KLV�
FRQGLWLRQ� LV� DOVR� OLNHO\� WR� OHDG� WR� IXUWKHU� ORVVHV� LQ� FDUERQ�
VWRFN�DV�PRVW�RI�WKH�RSHQ�JUDVVODQGV�DUH�SURQH�WR�JUDVV¿UHV

��

GXULQJ� GU\�PRQWKV� �Villamor and Lasco, 2006; Michelsen 
et al. 2004���7KH�PLGGOH�HOHYDWLRQ�UDQJH�LV�UHODWLYHO\�GHQVHU�
FRPSDUHG�ZLWK�ORZ�HOHYDWLRQ�EXW�LV�VPDOOHU�FRPSDUHG�ZLWK�
KLJK� HOHYDWLRQ�� 7KH� SUROLIHUDWLRQ� RI� ELR�LQYDVLYH� Piper 
aduncum�PD\�KDYH�LQKLELWHG�WKH�JURZWK�DQG�VSDFH�RI�RWKHU�
WUHHV� DW� WKLV� UDQJH�� WKHUHE\�� GLPLQLVKLQJ� DGGLWLRQDO� FDUERQ�
WKDW� FRXOG� EH� VWRUHG� E\� RWKHU� WUHHV�� 6LOYLFXOWXUDO�PHDVXUHV��
WR�FRQWURO� WKHLU�SRSXODWLRQ�FDQ�KHOS�HQKDQFH�FDUERQ�VWRFN��

6FLHQWL¿F�QDPH 1R��RI�WUHHV $YHUDJH�'%+��FP� $YHUDJH�+HLJKW��P�
Osmelia philippina � ���� ���
Pipturus arborescens � ���� ����
Syzigium sp. � ���� ����
Tristinopsis acutangulo � ���� ���

Table 2. Diameter and height of trees along elevation ranges of the Quezon Mountain Range. (continued...)

Table 3. Tree biomass and carbon stock along elevation range of the Quezon Mountain Range.

3ORW�1R� /RZ�(OHYDWLRQ 0LGGOH�(OHYDWLRQ +LJK�(OHYDWLRQ
Biomass �W�KD��� &DUERQ��W�KD��� Biomass �W�KD��� &DUERQ��W�KD��� Biomass �W�KD��� &DUERQ��W�KD���

� ����� ���� ������ ������ ������ ������
2 ����� ���� ����� ����� ������ ������
� ������ ������ ������ ����� ������ ������
� ���� ���� ������ ������ ������ ������
� ���� ���� ����� ���� ������ ������
� ����� ����� ������ ����� ������ �����
7 ������ ������ ����� ����� ������ ������
� ���� ���� ������ ����� ����� �����
� ���� ���� ����� ����� ������ �����
�� ���� ���� ����� ����� ������ ������
0($1 ����� ����� ������ ����� ������ ������
6( ����� ����� ����� ����� ����� �����

Table 4. Understory biomass and carbon stock along elevation ranges of the Quezon Mountain Range.

Plot /RZ�(OHYDWLRQ 0LGGOH�(OHYDWLRQ +LJK�(OHYDWLRQ
%LRPDVV��W�KD��� &DUERQ���W�KD��� %LRPDVV��W�KD��� &DUERQ���W�KD��� %LRPDVV��W�KD��� &DUERQ���W�KD���
+HUE 1HFURPDVV +HUE 1HFURPDVV +HUE 1HFURPDVV +HUE 1HFURPDVV +HUE 1HFURPDVV +HUE 1HFURPDVV

� ���� ���� ���� ���� ���� ����� ���� ���� ���� ����� ���� ����
2 ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� ����� ���� ���� ���� ���� ����� ���� ���� ���� ���� ���� ����
� ����� ���� ���� ���� ���� ����� ���� ���� ���� ����� ���� �����
� ����� ���� ���� ���� ���� ���� ���� ���� ���� ����� ���� �����
� ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
7 ���� ���� ���� ���� ���� ����� ���� ���� ���� ����� ���� ����
� ���� ���� ���� ���� ���� ����� ���� ���� ���� ����� ���� ����
� ����� ���� ���� ���� ���� ����� ���� ���� ���� ���� ���� ����
�� ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
0($1 ����� ���� ���� ���� ���� ����� ���� ���� ���� ����� ���� ����
6( ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
727$/ ����� ���� ����� ���� ����� ����

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



��

HOHYDWLRQ� DQG� FDUERQ� VWRFN�� 7KLV� VXJJHVWV� WKDW� VSHFLHV�
FRPSRVLWLRQ� LV� QRW� DIIHFWHG� JUHDWO\� E\� HOHYDWLRQ� QRU� LW��
LQÀXHQFH� WKH� DPRXQW� RI� FDUERQ� VWRFN�� $� VLPLODU� ¿QGLQJ�
ZDV� REVHUYHG� E\�Kirby and Potvin� �2007�� LQ� WKH� WURSLFDO�
IRUHVW�RI�(DVWHUQ�3DQDPD�ZKHUH�GLYHUVLW\�DQG�FDUERQ�VWRFNV�
ZHUH�QRW�VLJQL¿FDQWO\�UHODWHG��+RZHYHU��WKH\�VXJJHVWHG�WKH�
SRVVLELOLW\� RI� KDUPRQL]LQJ� GLYHUVLW\� DQG� FDUERQ� VWRFN� E\�
DGRSWLQJ� VSHFLHV�OHYHO�PDQDJHPHQW�� 7KLV� LQYROYHV� FDUHIXO�
VHOHFWLRQ�DQG�GLYHUVL¿FDWLRQ�RI�WUHHV�WR�EH�SODQWHG��WKDW�KDYH�
ODUJH� ELRPDVV� DQG� FDUERQ� VWRFN��7KLV� NLQG� RI� VLOYLFXOWXUDO�
VWUDWHJ\�VKRXOG�WKHUHIRUH�EH�FRQVLGHUHG�E\�WKH�PLQLQJ�¿UP��
ORFDO�JRYHUQPHQW�DQG�LQGLJHQRXV�FRPPXQLW\�WR�HIIHFWLYHO\�
FRQVHUYH� WKH� ELRGLYHUVLW\� DQG� FDUERQ� VWRFNV� RI� 4XH]RQ�
0RXQWDLQ�5DQJH�

VXFK�WKDW�RI�WKH�KLJK�HOHYDWLRQ�ZKHUH�YHJHWDWLRQ�LV�GHQVH�DQG�
ELRPDVV�ZDV�KLJK���

6HFRQG�� FDUERQ� VWRFN� LV� LQÀXHQFHG� E\� GLVWXUEDQFH���
$QWKURSRJHQLF� GLVWXUEDQFHV� VXFK� DV� VKLIWLQJ� FXOWLYDWLRQ�
KDYH� FRQVLGHUDEOH� LPSDFWV� RQ� ELRPDVV� DQG� FDUERQ� VWRFN�
SDUWLFXODUO\� LQ� WKH� ORZ� HOHYDWLRQ� JUDGLHQW��7KH� FUHDWLRQ� RI�
JDSV�GXH�WR�GLVWXUEDQFHV�DOVR�DOORZV�WKH�XQZDQWHG�VSHFLHV�
WR�JURZ�DQG�GRPLQDWH��Oliver and Larson 1996��DV�REVHUYHG�
LQ�WKH�FDVH�RI�Piper aduncum�LQ�PLGGOH�HOHYDWLRQ���7KH�ORQJ�
\HDUV� RI� WLPEHU� SRDFKLQJ� FRXSOHG� ZLWK� QDWXUDO� GLVDVWHUV�
VXFK�DV�ODQGVOLGHV�FRXOG�KDYH�EHHQ�WKH�SUREDEOH�UHDVRQ�ZK\�
Piper aduncum�KDV�SUROLIHUDWHG�DW�WKLV�UDQJH��2Q�WKH�RWKHU�
KDQG�� WKH� SURWHFWHG� FRQGLWLRQ� RI� KLJK� HOHYDWLRQ� GXH� WR� LWV�
LQDFFHVVLELOLW\� WR� ORFDO�SHRSOH��SUHVHUYHG�FXOWXUDO�YDOXH�E\�
WKH�LQGLJHQRXV�%¶ODDQ�FRPPXQLW\��DQG�WKH�DFWLYH�IRUHVW�FR�
PDQDJHPHQW�RI�ORFDO�FRPPXQLWLHV�DQG�ORFDO�JRYHUQPHQW�DUH�
OLNHO\�WKDW�OHG�WR�LWV�ODUJHU�ELRPDVV�DQG�FDUERQ�VWRFN�

5HODWLRQVKLS� EHWZHHQ� HOHYDWLRQ�� GLYHUVLW\� DQG� FDUERQ�
VWRFN�

(OHYDWLRQ�KHOG�DV�D� VLJQL¿FDQW� IDFWRU� WR�FDUERQ�VWRFN�
ZLWK� r � ����� �7DEOH� ���� � 7KLV� LPSOLHV� WKDW� ELRPDVV� DQG�
FDUERQ�VWRFN�VRPHKRZ�LQFUHDVHV�DV�WKH�HOHYDWLRQ�LQFUHDVHV��
7KLV�UHODWLRQVKLS�LV�UHÀHFWLYH�RI�WKH�LQFUHDVLQJ�VWDQG�GHQVLW\�
DQG� GHFUHDVLQJ� GLVWXUEDQFH� REVHUYHG� DORQJ� JUDGLHQWV�� 2Q�
WKH�RWKHU�KDQG��GLYHUVLW\�ZDV�QRW�VLJQL¿FDQWO\�UHODWHG�ZLWK

Plant Diversity and Aboveground Carbon Stock

Figure 2. Total aboveground biomass (a) and carbon stock 
(b) along elevation ranges.

�

�

a

b

3DUDPHWHU r p
(OHYDWLRQ��P�D�V�O���YV��&DUERQ�VWRFN��W�KD��� ���� �����
(OHYDWLRQ��P�D�V�O���YV��'LYHUVLW\��+¶� ���� �����
&DUERQ�VWRFN��W�KD����YV��'LYHUVLW\��+¶� ���� �����

Table 5. Data showing the relationship between elevation, 
diversity, and carbon stock.

&RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV

3ODQW� GLYHUVLW\�� DERYHJURXQG� ELRPDVV�� DQG� FDUERQ�
VWRFN�DORQJ�SRUWLRQV�RI�4XH]RQ�0RXQWDLQ�5DQJH�LQ�6RXWKHUQ�
0LQGDQDR� ZHUH� DVVHVVHG� UHYHDOLQJ� KLJKHU� YDOXHV� LQ� KLJK�
HOHYDWLRQ�JUDGLHQW�FRPSDUHG�ZLWK�ORZ�DQG�PLGGOH�JUDGLHQWV��
3ODQW� GLYHUVLW\� ZDV� UHODWLYHO\� SRRU� IURP� ORZ� WR� PLGGOH�
JUDGLHQWV� ZKLFK� FDQ� EH� DWWULEXWHG� WR� KXPDQ� GLVWXUEDQFHV�
SDUWLFXODUO\� NDLQJLQ� IDUPLQJ�� 7KH� SUROLIHUDWLRQ� RI� ELR�
LQYDVLYH� Piper aduncum� KDV� DOVR� FRQWULEXWHG� WR� ORZ�
GLYHUVLW\� DQG� FDUERQ� VWRFN� LQ� WKH�PLGGOH�JUDGLHQW��&DUERQ�
VWRFN� VLJQL¿FDQWO\� LQFUHDVHV�ZLWK� HOHYDWLRQ� LQGLFDWLQJ� WKDW�
GLVWXUEDQFHV�GHFUHDVH�ZKLOH�VWDQG�GHQVLW\�LQFUHDVHV�WRZDUGV�
WKH� SHDN�� 7R� LPSURYH� WKH� FXUUHQW� FRQGLWLRQV�� ODQGVFDSH�
DSSURDFK� WR� IRUHVW� PDQDJHPHQW� LV� UHFRPPHQGHG�� � 7KLV�
LQYROYHV� ]RQLQJ� WKH� GLIIHUHQW� JUDGLHQWV� LQWR� SURGXFWLYH�
DQG� SURWHFWLYH� DUHDV� WR� SURYLGH� FOHDU� ERXQGDULHV� IRU�
GHYHORSLQJ� XSODQG� IDUPV� DQG� SURWHFWLQJ� QDWXUDO� IRUHVW�
VWDQGV��6LOYLFXOWXUDO�PHDVXUHV�VXFK�DV�HQULFKPHQW�SODQWLQJ�
XVLQJ� LQGLJHQRXV� WUHHV� WR� ¿OO�XS� IRUHVW� JDSV� FRXOG� DOVR� EH�
EHQH¿FLDO�WR�DXJPHQW�VSHFLHV�GLYHUVLW\��UHGXFH�ELR�LQYDVLRQ�
DQG�HQKDQFH�FDUERQ�VWRFNV�

5()(5(1&(6

$LED�� 6�� DQG� .�� .LWD\DPD�� ������ 6WUXFWXUH�� &RPSRVLWLRQ� DQG�
6SHFLHV� 'LYHUVLW\� LQ� DQ�$OWLWXGH�VXEVWUDWH�0DWUL[� RI� 5DLQ�
)RUHVW�7UHH�&RPPXQLWLHV�RQ�0RXQW�.LQDEDOX��%RUQHR��3ODQW�
(FRORJ\��������������

$PRURVR�� 9��� 2EVLRPD�� /��� $UODOHMR�� -��� $VSLUDV�� 5��� &DSLOL��
-�� DQG� (�� 6XPLOH�� ������ ,QYHQWRU\� DQG� FRQVHUYDWLRQ� RI�
HQGDQJHUHG�� HQGHPLF� DQG� HFRQRPLFDOO\� LPSRUWDQW� ÀRUD� RI

t h
a-1

t h
a-1
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� +DPLJXLWDQ�5DQJH��6RXWKHUQ�3KLOLSSLQHV��%OXPHD�����������

$QWRQLR��-���9D]TXH]��*��DQG�-��*LYQLVK��������$OWLWXGLQDO�*UDGLHQWV�
LQ�7URSLFDO�)RUHVW�&RPSRVLWLRQ��6WUXFWXUH��DQG�'LYHUVLW\�LQ�
WKH�6LHUUD�GH�0DQDWODQ�� -RXUQDO�RI�(FRORJ\��������������

%DJXLQRQ� 1��� 4XLPDGR� 0�� DQG� -�� )UDQFLVFR�� ������ &RXQWU\�
UHSRUW�RQ�IRUHVW�LQYDVLYH�VSHFLHV�LQ�WKH�3KLOLSSLQHV��&RXQWU\�
5HSRUW�� $VLD�3DFL¿F� )RUHVW� ,QYDVLYH� 6SHFLHV� &RQIHUHQFH��
������ $XJXVW� ������ .XQPLQJ�� 3�5�� &KLQD�� �������

%DQNRII�� *�� ������ 2QH� ,VODQG� 7RR� 0DQ\�� 5HDSSUDLVLQJ� WKH�
H[WHQW� RI� 'HIRUHVWDWLRQ� LQ� WKH� 3KLOLSSLQHV� 3ULRU� WR�
������ -RXUQDO� RI� +LVWRULFDO� *HRJUDSK\� ���� ��������

%URZQ�� 6�� ������ (VWLPDWLQJ� %LRPDVV� DQG� %LRPDVV� &KDQJH� RI�
7URSLFDO�)RUHVWV��D�3ULPHU��)$2�)RUHVWU\�3DSHU������)$2��
5RPH�

(1)25�� ������ )RUHVW�5HVRXUFHV� ,QYHQWRU\� RI�$QJDW�:DWHUVKHG�
5HVHUYDWLRQ�� )LQDO� 5HSRUW�� (QYLURQPHQWDO� )RUHVWU\�
3URJUDPPH� �(1)25��� &ROOHJH� RI� )RUHVWU\� DQG� 1DWXUDO�
5HVRXUFHV��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�DW�/RV�%DxRV��SS��������

)$2�� ������*OREDO�)RUHVW�5HVRXUFH�$VVHVVPHQW� ������3URJUHVV�
WRZDUGV� 6XVWDLQDEOH� )RUHVW� 0DQDJHPHQW�� )$2� 3DSHU� 1R��
����)$2��5RPH��S������

)HUQDQGR��(��������)RUHVW�)RUPDWLRQV�DQG�)ORUD�RI�WKH�3KLOLSSLQHV��
+DQGRXW�LQ�)%6�����&ROOHJH�RI�)RUHVWU\�DQG�1DWXUDO�5HVRXUFHV��
8QLYHUVLW\�RI� WKH�3KLOLSSLQHV�DW�/RV�%DxRV� �8QSXEOLVKHG��

)3(3��������3RWHQWLDO�DQG�&KDOOHQJH�RI�3D\PHQWV�IRU�(FRV\VWHP�
6HUYLFHV� IURP� 7URSLFDO� )RUHVWV�� )RUHVWU\� %ULH¿QJ� 1R��
���� )RUHVW� 3ROLF\� DQG� (QYLURQPHQW� 3URJUDPPH� �)3(3���
2YHUVHDV� 'HYHORSPHQW� ,QVWLWXWH� �2',��� /RQGRQ�� �SS�

*HYDxD�� '�� DQG� 1�� 3DPSROLQD�� ������ %URDGOHDI� 'LYHUVLW\� DQG�
&DUERQ�(VWLPDWHV�DORQJ�1RUWKHDVWHUQ�6ORSH�RI�0W��0DNLOLQJ��
3KLOLSSLQHV�� 6\OYDWURS� -RXUQDO� RI� '(15�(FRV\VWHPV�
5HVHDUFK�DQG�'HYHORSPHQW�%XUHDX��3KLOLSSLQHV���SS�������

+LOWRQ�7D\ORU�� &�� ������ ,QWHUQDWLRQDO� 8QLRQ� IRU� &RQVHUYDWLRQ�
RI� 1DWXUH� �,8&1�� DQG� 1DWXUDO� 5HVRXUFHV� RI� WKH� :RUOG�
&RQVHUYDWLRQ��*ODQG��6ZLW]HUODQG�DQG�&DPEULGJH��8.�����SS�

+RXJKWRQ�� -��� )LOKR� 0��� /LP�� %��� 7UHDQWRQ�� .��� 0DPDW\�� ,���
%RQGXNL��<���*ULJJV��'��DQG�%��&DOODQGHU��������*UHHQKRXVH�
*DV� ,QYHQWRU\� :RUNERRN�� ,QWHUJRYHUQPHQWDO� 3DQHO� RQ�
&OLPDWH� &KDQJH� �,3&&��� 2UJDQL]DWLRQ� IRU� (FRQRPLF� &R�
RSHUDWLRQ� DQG�'HYHORSPHQW� �2(&'��DQG� WKH� ,QWHUQDWLRQDO�
(QHUJ\�$JHQF\��,($���3DULV��)UDQFH��SS�����������

.HOOPDQ�� � 0�� ������ 6HFRQGDU\� 3ODQW� 6XFFHVVLRQ� LQ� 7URSLFDO�
0RQWDQH�0LQGDQDR�� 6FKRRO� RI� 3DFL¿F� 6WXGLHV��$XVWUDOLDQ�
1DWLRQDO�8QLYHUVLW\��&DQEHUUD��$XVWUDOLD�����SS�

.LUE\��.��DQG�&��3RWYLQ��������9DULDWLRQ�LQ�&DUERQ�6WRUDJH�DPRQJ�
7UHH�6SHFLHV��,PSOLFDWLRQV�IRU�WKH�0DQDJHPHQW�RI�D�6PDOO�
VFDOH�&DUERQ�6LQN�3URMHFW��)RUHVW�(FRORJ\�DQG�0DQDJHPHQW

�������������

/DQJHQEHUJHU�� *���0DUWLQ�� .�� DQG� 6DXHUERUQ�� -�� ������9DVFXODU�
3ODQW�6SHFLHV�,QYHQWRU\�RI�D�3KLOLSSLQH�/RZODQG�5DLQ�IRUHVW�
DQG�LWV�&RQVHUYDWLRQ�9DOXH��%LRGLYHUVLW\�DQG�&RQVHUYDWLRQ�
��������������

/DVFR�� 5�� ������ 0DQDJHPHQW� RI� 3KLOLSSLQH� 7URSLFDO� )RUHVWV��
,PSOLFDWLRQV� WR�*OREDO�:DUPLQJ��:RUOG�5HVRXUFH�5HYLHZ�
�����������±�����

/DVFR��5���6DOHV�5���(VWUHOOD�5��6DSODFR�6���&DVWLOOR�$���&UX]�5��
DQG� )�� 3XOKLQ� ������ &DUERQ� 6WRFN� $VVHVVPHQW� RI� 7ZR�
$JURIRUHVWU\� 6\VWHPV� LQ� D�7URSLFDO� )RUHVW� 5HVHUYH� LQ� WKH�
3KLOLSSLQHV���3KLOLSSLQH�$JULFXOWXUDO�6FLHQWLVW����������������

/DVFR�� 5�� ������ )RUHVW� &DUERQ� %XGJHWV� RI� 6RXWKHDVW� $VLD�
)ROORZLQJ�+DUYHVWLQJ�DQG�/DQG�&RYHU�&KDQJH���6FLHQFH�LQ�
&KLQD��6HULHV�&������������

/DVFR��5��DQG�)��3XOKLQ��������3KLOLSSLQH�)RUHVW�(FRV\VWHPV�DQG�
&OLPDWH�&KDQJH��&DUERQ�6WRFNV��5DWH�RI�6HTXHVWUDWLRQ�DQG�
WKH�.\RWR�3URWRFRO��$QQDOV�RI�7URSLFDO�5HVHDUFK��������������

/DVFR��5���0DF'LFNHQ��.���3XOKLQ��)���*XLOOHUPR��,���6DOHV��5��DQG�
5��&UX]��������&DUERQ�6WRFNV�$VVHVVPHQW�RI�D�6HOHFWLYHO\�
/RJJHG�'LSWHURFDUS�)RUHVW�DQG�:RRG�3URFHVVLQJ�0LOO�LQ�WKH�
3KLOLSSLQHV��-RXUQDO�RI�7URSLFDO�)RUHVW�6FLHQFH�����������±����

/DVFR��5���3XOKLQ��)��DQG�5���&UX]��������&DUERQ�6WRFNV�$VVHVVPHQW�RI�
)RUHVW�/DQG�8VHV�LQ�WKH�.DOLZD�:DWHUVKHG��3KLOLSSLQHV��-RXUQDO�
RI� (QYLURQPHQWDO� 6FLHQFH� DQG� 0DQDJHPHQW� ������������

/DVFR�� 5��� 9LOODPRU�� *��� 3XOKLQ�� )��� &DWDFXWDQ�� '�� DQG� 0��
%HUWRPHX��������)URP�3ULQFLSOHV�WR�1XPEHUV��$SSURDFKHV�
LQ� ,PSOHPHQWLQJ� 3D\PHQWV� IRU� (QYLURQPHQWDO� 6HUYLFHV� LQ�
WKH�3KLOLSSLQHV��6PDOO�7UHH�*URZLQJ�IRU�5XUDO�'HYHORSPHQW�
DQG�(QYLURQPHQWDO�6HUYLFHV����SS��

/LX��'��� ,YHUVRQ��/�� DQG�6��%URZQ�� ������5DWHV� DQG�3DWWHUQV� RI�
'HIRUHVWDWLRQ�LQ�WKH�3KLOLSSLQHV��$SSOLFDWLRQ�RI�*HRJUDSKLF�
,QIRUPDWLRQ� 6\VWHP� $QDO\VLV�� )RUHVW� (FRORJ\� DQG�
0DQDJHPHQW����������

/RUHQ]�� .�� DQG� 5�� /DO�� ������ &DUERQ� 6HTXHVWUDWLRQ� LQ� )RUHVW�
(FRV\VWHPV��6SULQJHU�6FLHQFH��SS��������

0DJXUDQ�� $�� ������ (FRORJLFDO� GLYHUVLW\� DQG� LWV� PHDVXUHPHQW��
3ULQFHWRQ�8QLY��3UHVV��1HZ�-HUVH\��SS���������

0LFKHOVHQ��$���$QGHUVRQ��0���-HQVHQ��0���.MROOHU��$��DQG�0��*DVKHZ��
������&DUERQ�6WRFNV��6RLO�5HVSLUDWLRQ�DQG�0LFURELDO�%LRPDVV�
LQ� )LUH�SURQH� 7URSLFDO*UDVVODQG�� :RRGODQG� DQG� )RUHVW�
(FRV\VWHPV��6RLO�%LRORJ\�	�%LRFKHPLVWU\����� ����±����

0\HUV��1��������7KH�3ULPDU\�6RXUFH��7URSLFDO�)RUHVWV� DQG�2XU�
)XWXUH��:�:��1RUWRQ��1HZ�<RUN�

2OLYHU�� &�� DQG� %�� /DUVRQ�� ������ )RUHVW� 6WDQG� '\QDPLFV�� -RKQ�
:LOH\�DQG�6RQV��,QF��1HZ�<RUN������SS�
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3DGLOOD�� -��� 7RQJVRQ�� (�� DQG� 5�� /DVFR�� ������ 3(6�� 6XVWDLQDEOH�
)LQDQFLQJ�IRU�&RQVHUYDWLRQ�DQG�'HYHORSPHQW��3URFHHGLQJV�
IURP� WKH�1DWLRQDO�&RQIHUHQFH�:RUNVKRS� RQ�3D\PHQWV� IRU�
(QYLURQPHQWDO�6HUYLFHV��'LUHFW�,QFHQWLYHV�IRU�%LRGLYHUVLW\�
&RQVHUYDWLRQ�DQG�3RYHUW\�$OOHYLDWLRQ��::)��,&5$)��5((&6��
83�&,'6��83/%�(1)25��&$5(���±��0DUFK����������SS

3DPSROLQD��1���7RUUHV��0���3LxRQ��$���3ROOLVFR��-���'XUDQ��1��DQG�
-�� �$GLRYD�� ������ %LRGLYHUVLW\� 5HVRXUFHV� LQ� WKH� 6RXWKHUQ�
3KLOLSSLQHV��9LWDO�IRU�6XVWDLQDEOH�0DQDJHPHQW�RI�0RXQWDLQ�
(FRV\VWHPV�� ,Q�� ,QQHV�� -�� /��� ,�� .�� (GZDUGV�� DQG� '�� -��
:LOIRUG��HGV����7KH�,QWHUQDWLRQDO�)RUHVWU\�5HYLHZ��9RO���������
&RPPRQZHDOWK�)RUHVWU\�$VVRFLDWLRQ��S����

3LHORX��(��������%LRGLYHUVLW\�YHUVXV�ROG�VW\OH�GLYHUVLW\��PHDVXULQJ�
ELRGLYHUVLW\� IRU� FRQVHUYDWLRQ�� ,Q� %R\OH�� 7�-�%� DQG� %��
%RRQFKRRE� �HGV����0HDVXULQJ� DQG�PRQLWRULQJ� ELRGLYHUVLW\�
LQ� WURSLFDO� DQG� WHPSHUDWH� IRUHVWV�� &HQWHU� IRU� ,QWHUQDWLRQDO�
)RUHVWU\�5HVHDUFK��%RJRU��,QGRQHVLD��SS���������

3LPP�� 6��� 5XVVHO�� *��� *LWWOHPDQ�� -�� DQG� 7�� %URRNV�� ������ 7KH�
)XWXUH�RI�%LRGLYHUVLW\��6FLHQFH��������������

6FKURHGHU�� 3�� ������ &DUERQ� 6WRUDJH� 3RWHQWLDO� RI� 6KRUW� 5RWDWLRQ�
7URSLFDO�7UHH�3ODQWDWLRQV���)RUHVW�(FRORJ\�DQG�0DQDJHPHQW�
����������

6KHHUDQ�� .�� ������ )RUHVW� &RQVHUYDWLRQ� LQ� WKH� 3KLOLSSLQHV�� D�
&RVW� (IIHFWLYH�$SSURDFK� WR�0LWLJDWLQJ� &OLPDWH� &KDQJHV"�
(FRORJLFDO�(FRQRPLFV������±����

6LJHW�� 7��� +DUWHPLQN��$��� +HELQFN�� 3�� DQG� %��$OOHQ�� ������ 7KH�
,QYDVLYH�6KUXE�3LSHU�DGXQFXP�DQG�5XUDO�/LYHOLKRRGV�LQ�WKH�
)LQVFKKDIHQ�$UHD� RI�3DSXD�1HZ�*XLQHD��+XPDQ�(FRORJ\�
���������������

81�5(''�� ������ 3URJUDPPH� RQ� 5HGXFLQJ� (PLVVLRQV� IURP�
'HIRUHVWDWLRQ� DQG� )RUHVW� 'HJUDGDWLRQ� LQ� 'HYHORSLQJ�
&RXQWULHV� �81�5(''��� )$2�� 813� DQG� 81(3�� ��SS�

9LOODPRU��*��DQG�5��/DVFR��������7KH�,NDODKDQ�$QFHVWUDO�'RPDLQ��
WKH� 3KLOLSSLQHV�� ,Q�� 0XUGL\DUVR� � HW� DO�� �(GV�� &RPPXQLW\�
)RUHVW�0DQDJHPHQW� DV� D� &DUERQ�0LWLJDWLRQ�2SWLRQ�� &DVH�
6WXGLHV��&HQWHU�IRU�,QWHUQDWLRQDO�)RUHVWU\�5HVHDUFK�����SS�

:LOVRQ�� (�� ������ %LRGLYHUVLW\�� 1DWLRQDO� $FDGHP\� RI� 6FLHQFHV��
:DVKLQJWRQ��'&�

:LQURFN�,QWHUQDWLRQDO��������)LQDQFLDO�,QFHQWLYHV�WR�&RPPXQLWLHV�
IRU� 6WHZDUGVKLS� RI� (QYLURQPHQWDO� 5HVRXUFHV� )HDVLELOLW\�
6WXG\��:LQURFN�,QWHUQDWLRQDO��9LUJLQLD��86$����SS�

=DPRUD��3��DQG�/��&R��������*XLGH�WR�3KLOLSSLQH�)DXQD�DQG�)ORUD���
1DWXUDO� 5HVRXUFHV�0DQDJHPHQW� &HQWHU�� 8QLYHUVLW\� RI� WKH�
3KLOLSSLQHV�����SS��


