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THE INFLUENCE OF STAND DENSITY AND SPECIES DIVERSITY 

INTO TIMBER PRODUCTION AND CARBON STOCK IN 
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.H\ZRUGV��&RPPXQLW\�IRUHVW��FDUERQ�VWRFN��VWDQG�GHQVLW\��VSHFLHV�GLYHUVLW\��WLPEHU�SURGXFWLRQ

PENGARUH KERAPATAN TEGAKAN DAN KEANEKARAGAMAN JENIS TERHADAP 

PRODUKSI KAYU DAN SIMPANAN KARBON DI HUTAN RAKYAT. Kerapatan tegakan dan 

keanekaragaman jenis adalah dua indikator yang berkaitan erat dengan produktivitas hutan. Namun, pengaruh kedua 

variabel tersebut terhadap produktivitas hutan rakyat jarang didokumentasikan. Penelitian ini bertujuan untuk mengevaluasi 

pengaruh kepadatan tegakan dan diversitas jenis terhadap produksi kayu dan simpanan karbon di hutan rakyat. Lokasi 

penelitian terletak di Kabupaten Madiun. Survey lapangan dilakukan di empat lokasi hutan rakyat yang berbeda, yaitu 

Morang, Kuwiran, Randualas, dan Kare. Survey dilaksanakan dengan metode kuadrat menggunakan plot sampel 25 m 

x 25 m. Jumlah plot sampel yang digunakan dalam penelitian ini sekitar 64 unit yang tersebar merata di setiap lokasi. 

Perbandingan rerata karakteristik tegakan antar lokasi diuji dengan metode Kruskall-Wallis dan dilanjutkan dengan 

metode Kruskall-Nemenyi. Pengaruh kepadatan tegakan dan diversitas jenis terhadap produksi kayu dan simpanan karbon 

dievaluasi secara terpisah untuk setiap parameter menggunakan metode generalized least square regression. Pengujian statistik 

GLODNXNDQ� GHQJDQ� WLQJNDW� VLJQLÀNDQVL� ����+DVLO� SHQHOLWLDQ�PHQXQMXNNDQ� WHUGDSDW� SHUEHGDDQ� VLJQLÀNDQ� SDGD� YROXPH�

tegakan, biomassa permukaan, dan simpanan karbon antar lokasi (P<0,05). Penelitian ini juga menemukan adanya 

pengaruh penting kerapatan tegakan dan diversitas jenis terhadap produksi kayu dan simpanan karbon di hutan rakyat, 

dimana kepadatan tegakan memperlihatkan pengaruh yang lebih tinggi (R2 = 0,68; P<0,05) dibandingkan diversitas jenis 

(R2 = 0,26; P<0,05).

Kata kunci: Hutan rakyat, simpanan karbon, kepadatan tegakan, diversitas jenis, produksi kayu
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I.  INTRODUCTION

,QWHJUDWLRQ� RI � LQGXVWU\� GHYHORSPHQW�

DQG� FOLPDWH� FKDQJH� PLWLJDWLRQ� KDV� EHFRPH�

D� IDVFLQDWLQJ� FKDOOHQJH� LQ� VXVWDLQDEOH� IRUHVW�

PDQDJHPHQW�ZRUOGZLGH��SDUWLFXODUO\�LQ�WURSLFDO�

FRXQWULHV� VXFK� DV� 9LHWQDP�� 0DOD\VLD�� WKH�

3KLOLSSLQHV�� DQG� ,QGRQHVLD� �0DWVXPRWR�� 2ND���

0LWVXGD�� +DVKLPRWR�� .D\R�� 7VXQHWVXJX�� � 	�

7RQRVDNL���������,Q�WKLV�FRQWH[W��WKH�H[LVWHQFH�

RI �IRUHVWV�LV�H[SHFWHG�WR�VWDELOL]H�WLPEHU�VXSSO\�

as raw materials for commercial industries 

DQG� UHGXFH� JUHHQKRXVH� JDV� HPLVVLRQV� LQWR�

WKH� DWPRVSKHUH� �1XQHV��0HLUHOHV��*RPHV�� �	�

5LEHLUR�� ������� 7R� UHDOL]H� WKRVH� REMHFWLYHV��

PD[LPL]LQJ� FRPPXQLW\� IRUHVW� PDQDJHPHQW�

SUDFWLFH�PD\�SURYLGH�DQ�LPSRUWDQW�FRQWULEXWLRQ�

WR�HQVXUH�WKH�VWDELOLW\�RI �WLPEHU�SURGXFWLRQ�DQG�

LQFUHDVH�FDUERQ�VWRFNV�

6HYHUDO� VWXGLHV� KDYH� GRFXPHQWHG� WKH�

LPSRUWDQW� UROH� RI � FRPPXQLW\� IRUHVW� LQ�

PDLQWDLQLQJ� LQGXVWU\
V� IXWXUH� YLDELOLW\� DQG�

LPSURYLQJ� FDUERQ� VHTXHVWUDWLRQ� �6DNXUDL��

5D\DPDMKL��3RNKDUHO��	�2WVXND��������'XJXPD�

HW� DO��� ������ /XLQWHO�� %OXIIVWRQH�� 	� � 6FKHOOHU���

������ 3RXG\DO�� 0DUDVHQL�� 	� &RFNÀHOG�� �������

$� VWXG\� UHFRUGHG� FRPPXQLW\� IRUHVWV�� PDLQO\�

LQ�-DYD��VXSSOLHV�DSSUR[LPDWHO\�����RI �WLPEHU�

demand for commercial industries such as 

FRQVWUXFWLRQ�� IXUQLWXUH�� DQG� SO\ZRRG� �+DNLP���

'ZLSUDERZR�� 	� (IIHQGL�� ������� 7KLV� WUHQG�

KDV�EHHQ�LQFUHDVLQJ�UDSLGO\�VLQFH�WKH�GHFOLQLQJ�

SURGXFWLYLW\� RI � VWDWH� IRUHVWV� LQ� WKH� ����V��

7KH� PDMRULW\� RI � -DYD� LQGXVWULHV� QRZDGD\V�

KLJKO\� GHSHQG� RQ� FRPPXQLW\� IRUHVWV� IRU�

REWDLQLQJ� WLPEHU� PDWHULDOV� �)XMLZDUD�� $ZDQJ��

:LGD\DQWL��6HSWLDQD��+\DNXPXUD��	�6DWR��������

)XUWKHUPRUH�� DQRWKHU� VWXG\� FRQGXFWHG� LQ�

0DGLXQ��(DVW�-DYD��UHSRUWHG�WKDW�DURXQG��������

0J�&2
�
 ha���KDG�EHHQ�DEVRUEHG�E\�FRPPXQLW\�

IRUHVW�SHU�\HDU��6HWLDKDGL���������7KHVH�H[DPSOHV�

LQGLFDWH�WKH�EDUJDLQLQJ�SRVLWLRQ�RI �FRPPXQLW\�

IRUHVW� WR� VXSSRUW� WKH� LQGXVWU\
V� VXVWDLQDELOLW\�

DQG� UHGXFH� HPLVVLRQV�� +RZHYHU�� FRPPXQLW\�

IRUHVW� FDSDELOLW\� IRU� WLPEHU� SURGXFWLRQ� DQG�

FDUERQ�VWRFN�LV�DIIHFWHG�E\�FHUWDLQ�IDFWRUV��OLNH�

VWDQG�GHQVLW\�DQG�VSHFLHV�GLYHUVLW\�

0DQ\�VWXGLHV�FRQÀUP�WKDW�VWDQG�GHQVLW\�DQG�

VSHFLHV� GLYHUVLW\� DUH� WZR� LQGLFDWRUV� RI � VWDQG�

FKDUDFWHULVWLFV� WKDW� VWURQJO\� UHODWH� WR� WLPEHU�

SURGXFWLRQ� DQG� FDUERQ� VWRFN� LQ� WKH� IRUHVW�

�0RRUH�� /LPLWHG�� &RZQ��0FNLQOH\�� 	� 6DEDWLD��

������8KO�HW�DO���������:HJLHO��%HPEHQHN���/DFND���

	�0HGHUVNL���������,Q�JHQHUDO��VWDQG�GHQVLW\�LV�

GHÀQHG�DV�D�GHJUHH�RI �WUHHV�FURZGLQJ�SHU�XQLW�

DUHD��ZKLFK�LV�FRPPRQO\�GHWHUPLQHG�EDVHG�RQ�

WKH� JURZWK� GLPHQVLRQ� RU� JURZLQJ� VSDFH� UDWLR�

�=HLGH�� ������ /X�� =KDQJ�� =KDQJ�� 'XDQ�� 	�

=KDQJ�� ������ 3DGLOOD�0DUWtQH]�� &RUUDO�5LYDV��

%ULVHxR�5H\HV��3DXO��/ySH]�6HUUDQR��	�*DGRZ���

������

6SHFLHV�GLYHUVLW\�LV�WKH�JUDGH�RI �ELRGLYHUVLW\�

WKDW� LV� IUHTXHQWO\� DVVHVVHG� E\� FRQVLGHULQJ�

LQGLYLGXDO� PHPEHUV� RI � VSHFLHV�� SRSXODWLRQ�

VL]H�� DQG� VSHFLHV� FRPSRVLWLRQ� �&KHQ�� ������

+X�� � 6X�� /L�� /L�� 	� .H�� ������ /L�� 6X�� /DQJ��

/LX��	�2X�� � �������+RZHYHU�� WKH� UHODWLRQVKLS�

DPRQJ�VWDQG�GHQVLW\�DQG�VSHFLHV�GLYHUVLW\�ZLWK�

ERWK�SDUDPHWHUV�YDU\�GHSHQGLQJ�RQ�WKH�IRUHVW�

HFRV\VWHP�W\SH��$�VWXG\�FRQGXFWHG�LQ�D�.RUHDQ�

SLQH� IRUHVW� �Pinus koraensis�� ORFDWHG� LQ� &KLQD�

REVHUYHG� WKDW� KLJKHU� VWDQG� GHQVLW\� OLQHDUO\�

LQFUHDVHV�WLPEHU�SURGXFWLRQ�DQG�FDUERQ�VWRFN��

7KH�UHODWLRQVKLS�EHWZHHQ�VSHFLHV�GLYHUVLW\�ZLWK�

ERWK� LQGLFDWRUV� FUHDWHV� KXPS�VKDSHG� FXUYHV�

�&DL��'L��&KDQJ�� �	� -LQ�� �������$� VWXG\� IURP�

WKH� GU\� VDYDQQDK� IRUHVW� LQ� 6RXWK�(DVWHUQ�

7DQ]DQLD� UHSRUWHG� WKDW� KLJKHU� VWDQG� GHQVLW\�

DQG� VSHFLHV� GLYHUVLW\� VLJQLÀFDQWO\� LPSURYHG�

WLPEHU� SURGXFWLRQ� DQG� FDUERQ� VWRFN�� 7KRVH�

YDULDEOHV� KDYH� D� OLQLHU� UHODWLRQVKLS� �0F1LFRO��

5\DQ�� 'H[WHU�� %DOO�� 	� :LOOLDPV�� ������ 7KRVH�

H[SODQDWLRQV�LQGLFDWH�WKDW�KLJKHU�VWDQG�GHQVLW\�

DQG�VSHFLHV�GLYHUVLW\�DUH�QRW�DOZD\V�IROORZHG�E\�

LPSURYHG�WLPEHU�SURGXFWLRQ�DQG�FDUERQ�VWRFN�

7KLV� VWXG\� LQYHVWLJDWHV� WKH� HIIHFW� RI �

VWDQG� GHQVLW\� DQG� VSHFLHV� GLYHUVLW\� RQ� WLPEHU�

SURGXFWLRQ�DQG�FDUERQ�VWRFN�LQ�WKH�FRPPXQLW\�

IRUHVW�� 7KH� UHVHDUFK� REMHFWV� DUH� IRFXVHG� RQ� D�

W\SH� RI � FRPPXQLW\� IRUHVW� FDOOHG� alas�� D� NLQG�

RI � FRPPXQLW\� IRUHVW� ORFDWHG� IDU� IURP� YLOODJH�

VHWWOHPHQW�� ,W� LV� K\SRWKHVL]HG� WKDW� WKH� KLJKHU�

VWDQG�GHQVLW\�DQG�VSHFLHV�GLYHUVLW\�VLJQLÀFDQWO\�

LQFUHDVH�WLPEHU�SURGXFWLRQ�DQG�FDUERQ�VWRFN�LQ�
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7KH�,QÁXHQFH�RI �6WDQG�'HQVLW\�DQG�6SHFLHV�'LYHUVLW\�,QWR�7LPEHU�3URGXFWLRQ�����������������3DQGX�<XGKD�$GL�3XWUD�:LUDEXDQD�HW�DO��

WKH�FRPPXQLW\�IRUHVW��ZKHUHLQ�ERWK�SDUDPHWHUV�

VKRZ�WKH�OLQHDU�SDWWHUQ�

II. MATERIAL AND METHOD

A. Study Site

7KLV�VWXG\�ZDV�FRQGXFWHG� LQ�IRXU�GLIIHUHQW�

FRPPXQLW\�IRUHVW�VLWHV� ORFDWHG�LQ�6XE�'LVWULFW�

.DUH��0DGLXQ�� ,W�FRQVLVWHG�RI �VHYHUDO�YLOODJHV��

L�H�� 0RUDQJ�� .XZLUDQ�� 5DQGXDODV�� DQG� .DUH�

�6HWLDKDGL�� ������� 7KH� JHRJUDSKLF� SRVLWLRQ� RI �

WKH�VWXG\�VLWH�ZDV�DW��o��
������ WR��o��
�������

6�DQG����o��
�������WR����o��
�������(��)LJXUH�

����7RSRJUDSK\�ZDV�UHODWLYHO\�JUDGLHQW�EHWZHHQ�

�²����� $OWLWXGH� YDULHG� IURP� ���� WR� ���� P�

DERYH�VHD�OHYHO��7KH�DYHUDJH�GDLO\�WHPSHUDWXUH�

UHDFKHG���o&�ZLWK� D�PHDQ�PLQLPXP�RI ���o&�

DQG�D�PD[LPXP�RI ���o&��$QQXDO�UDLQIDOO�UDQJHG�

IURP�������WR�������PP�\U���GXULQJ�WKH�ODVW�WHQ�

\HDUV�� 0RVW� RI � WKH� UDLQIDOOV� ZHUH� UHFRUGHG� LQ�

'HFHPEHU� DQG� -DQXDU\��7KH� VWXG\� VLWHV� KDG� D�

GU\� SHULRG� IRU� DOPRVW� ÀYH�PRQWKV�� IURP� -XO\�

WR�2FWREHU��$LU� KXPLGLW\� UDQJHG� IURP��������

WR��������6RLO�W\SHV�ZHUH�GRPLQDWHG�E\�DOÀVRO��

7KH� GHWDLOV� RI � VRLO� SURSHUWLHV� LQ� HDFK� VLWH� DUH�

SUHVHQWHG�LQ�7DEOH���

B. Methods

'DWD� IURP� 6HWLDKDGL� ������� ZHUH� XVHG� WR�

H[DPLQH�WKH�HIIHFW�RI �VWDQG�GHQVLW\�DQG�VSHFLHV�

GLYHUVLW\�RQ�WLPEHU�SURGXFWLRQ�DQG�FDUERQ�VWRFN�

LQ� WKH� ORFDWLRQ��7KH�GDWD�ZHUH�FROOHFWHG�XVLQJ�

WKH� TXDGUDW�PHWKRG�� 7KH� VDPSOH� SORW
V� VKDSH�

ZDV�VTXDUH�ZLWK�D�VL]H�RI �DSSUR[LPDWHO\����P�

)LJXUH����6WXG\�ORFDWLRQV�RI �FRPPXQLW\�IRUHVWV�LQ�.DUH�'LVWULFW

7DEOH����'HVFULSWLRQ�RI �VRLO�SURSHUWLHV�LQ�IRXU�VLWHV�RI �FRPPXQLW\�IRUHVWV

Soil parameter
Site of  community forest

Kuwiran Morang Randualas Kare

&OD\�IUDFWLRQ���� ������������ ������������ ������������ ������������
6LOW�IUDFWLRQ���� ������������ ������������ ������������ ������������
6DQG�IUDFWLRQ���� ������������ ������������ ������������ ������������
&DWLRQ�H[FKDQJH�FDSDFLW\��FPROF�NJ��) ������������ ������������ ������������ ������������
6RLO�RUJDQLF�PDWWHU���� ������������ ������������ ������������ �������������
6RLO�DFLGLW\ ����������� ����������� ����������� �����������
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[� ���P� �6HWLDKDGL�� ������� 6L[WHHQ� REVHUYDWLRQ�

SORWV�KDYH�EHHQ�HVWDEOLVKHG�LQ�HYHU\�FRPPXQLW\�

IRUHVW�� HDFK� VLWH� KDG� D� WRWDO� VDPSOLQJ� DUHD� RI �

DERXW� �� KD��7KH� WRWDO�PHDVXUHG� SORWV� XVHG� LQ�

WKLV�VWXG\�ZHUH����XQLWV��6HYHUDO�SDUDPHWHUV�RI �

LQGLYLGXDO�WUHHV�ZHUH�PHDVXUHG�LQ�HDFK�VDPSOH�

SORW�� LQFOXGLQJ� VSHFLHV�� WUHH� GLDPHWHU� �d��� WUHH�

KHLJKW� �h��� DQG� WUHH� YROXPH� �v���7UHH� GLDPHWHU�

ZDV�PHDVXUHG�XVLQJ�D�SKL�EDQG�DW�����P�IURP�WKH�

DERYHJURXQG��ZKLOH� WUHH� KHLJKW�ZDV� HVWLPDWHG�

IURP�DERYH�JURXQG�WR�WRS�RI �WKH�FURZQ�XVLQJ�

D�+DJD�DOWLPHWHU��7KHQ��LQGLYLGXDO�WUHH�YROXPH�

ZDV�FDOFXODWHG�E\�WKH�IROORZLQJ�HTXDWLRQ�

Y� �����°�d� h f

:KHUH� f� ZDV� D� FRQVWDQW� IRUP� IDFWRU� ������

IRU� WURSLFDO� WUHH� VSHFLHV� �$NRVVRX�� $U]RXPD���

$WWDNSD��)RQWRQ��	�.RNRX��������� WR�FRQYHUW�

LQGLYLGXDO� WUHH� YROXPH� LQWR� WUHH� ELRPDVV� �%���

WKH� YDOXH� RI � LQGLYLGXDO� WUHH� YROXPH�ZRXOG� EH�

PXOWLSOLHG�E\� WKH� VSHFLÀF�ZRRG�GHQVLW\� �:'��

DQG� WKH� ELRPDVV� H[SDQVLRQ� IDFWRU� �%()��

�.ULVQDZDWL��,PDQXGGLQ��	�$GLQXJURKR��������

7KH�GHWDLOHG�LQIRUPDWLRQ�DERXW�:'�DQG�%()�

DUH�SUHVHQWHG�LQ�7DEOH����7KHQ��WKH�WUHH�ELRPDVV�

UHVXOWV�ZHUH�XVHG�WR�HVWLPDWH�FDUERQ�VWRUDJH�LQ�

HYHU\�WUHH�VSHFLHV��&��VLQFH�DSSUR[LPDWHO\�����

RI �ELRPDVV�LV�FRPSRVHG�RI �FDUERQ��:LUDEXDQD�

HW�DO����������7KH�GHWDLOHG�HTXDWLRQV�ZHUH�

%� �9��:'��%()

&� ������%

7KH�UHVXOWV�RI �WUHH�PHDVXUHPHQWV�ZRXOG�EH�

XVHG� WR� FRPSXWH� VHYHUDO� VWDQG� FKDUDFWHULVWLFV��

LQFOXGLQJ� TXDGUDWLF�PHDQ� GLDPHWHU� �'���PHDQ�

KHLJKW��+���VWDQG�YROXPH��9���VSHFLHV�GLYHUVLW\��

VWDQG�GHQVLW\��DERYHJURXQG�ELRPDVV��$*%���DQG�

FDUERQ�VWRFN��&6���7KH�YDOXH�RI �VWDQG�YROXPH�

was determined as the sum of  tree volumes in 

HDFK� VDPSOH� SORW�� FRQYHUWHG� WR� KHFWDUH� XQLW���

$� VLPLODU� DSSURDFK�ZDV� DOVR� XVHG� WR� HVWLPDWH�

$*%�DQG�&6�DW�VWDQG�OHYHO��7KH�VWDQG�YROXPH�

SDUDPHWHU� ZDV� IUHTXHQWO\� VHOHFWHG� DV� DQ�

LQGLFDWRU� IRU� WKH� IRUHVW� HFRV\VWHP
V� FDSDELOLW\�

IRU� WLPEHU� SURGXFWLRQ� �0HUJDQLÿ�� 0DUXäiN��

0HUJDQLÿRYi�� 6WRODULNRYi�� 	� 7LSPDQQ�� ������

,UDXVFKHN��5DPPHU��	�/H[HU��������

7R�GHVFULEH� WKH�GHJUHH�RI � VSHFLHV�GLYHUVLW\�

LQ� WKH� FRPPXQLW\� IRUHVW�� ZH� VHOHFWHG� WKUHH�

LPSRUWDQW� YDULDEOHV�� L�H�� VSHFLHV� ULFKQHVV��

KHWHURJHQHLW\�� DQG� HYHQQHVV�� 6SHFLHV� ULFKQHVV�

ZDV� FDOFXODWHG� E\�0DUJDOHI � ,QGH[� �5���� ZKLOH�

KHWHURJHQHLW\� RI � VSHFLHV� ZDV� HVWLPDWHG� E\�

6KDQQRQ�:LHQQHU� ,QGH[� �+
��� 7KHQ�� VSHFLHV�

HYHQQHVV� ZDV� DVVHVVHG� XVLQJ� WKH� 3LHORX�

(YHQQHVV� ,QGH[� �-��� 7KH� GHWDLOHG� HTXDWLRQV�

IRU� FDOFXODWLQJ� WKRVH� SDUDPHWHUV�ZHUH� �/L�� 6X��

=KDQJ��=KRX��;LH��6KL��	�*RX��������

5�� �6���OQ�1�

+
� �����QL�1���OQ�QL�1�

-� �+·�OQ�6�

ZKHUH� 6� ZDV� WKH� QXPEHU� RI � VSHFLHV�� 1�

UHSUHVHQWHG� WRWDO� WUHH� SRSXODWLRQ�� DQG� QL�

GHVFULEHG�WKH�VXP�RI �WUHHV�IRU�HDFK�VSHFLHV�

7R�HVWLPDWH�VWDQG�GHQVLW\�LQ�WKH�FRPPXQLW\�

IRUHVW�� ZH� DGRSWHG� 5HLQHNH
V� 6WDQG� 'HQVLW\�

,QGH[� �6',�� FRQFHSW� XVLQJ� D� PRGLÀFDWLRQ�

GHYHORSHG� E\� 6DGRQR� DQG� 8PURQL� ��������

5HIHUULQJ�WR�WKH�FRQFHSW��WKH�YDOXH�RI �6',�FRXOG�

EH�GHWHUPLQHG�E\�FRQVLGHULQJ� WKH� UHODWLRQVKLS�

EHWZHHQ�WKH�QXPEHU�RI �WUHHV��1��DQG�TXDGUDWLF�

PHDQ� GLDPHWHU� �'��� 7KH� VSHFLÀF� IRUPXOD� IRU�

FDOFXODWLQJ� 6',� �6DGRQR� 	� 8PURQL�� ������ LV�

SUHVHQWHG�EHORZ�

6',� �1�����'�������

6WDWLVWLFDO� DQDO\VLV� ZDV� SURFHVVHG� XVLQJ�

��������������������������������������������������

����������������������������������������������������������

�������������������������������������������

7DEOH����6SHFLÀF�ZRRG�GHQVLW\�DQG�ELRPDVV�H[SDQVLRQ�IDFWRU�IRU�IRXU�VSHFLHV�LQ�FRPPXQLW\�IRUHVWV

No. Species WD (kg m-3) BEF

�� Tectona grandis ����� ����

�� Swietenia macrophylla ����� ����

�� Acacia auriculiformis ��� ����

�� Falcataria mollucana ����� ����

6RXUFH��.ULVQDZDWL�HW�DO��������

����������������������������������������������������

������������������������������������

�����������������������������������������������������������

��������������������������������������������

,QGRQHVLDQ�-RXUQDO�RI �)RUHVWU\�5HVHDUFK�9RO�����1R�����$SULO������������������������������������������,661������������(�,661�����������
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VRIWZDUH�5�YHUVLRQ�������ZLWK�D�VLJQLÀFDQFH�OHYHO�

RI � ����:H� VHOHFWHG� WKH� SDFNDJH� DJULFRODH� WR�

FRQGXFW�GDWD�DQDO\VLV��'HVFULSWLYH�DQDO\VLV�ZDV�

GRQH�WR�LGHQWLI\�WKH�UDQJH�RI �GDWD�GLVWULEXWLRQ��

FRPSULVLQJ� PLQLPXP�� PD[LPXP�� PHDQ��

VWDQGDUG� GHYLDWLRQ�� DQG� YDULDWLRQ� FRHIÀFLHQW��

2XWOLHU� WHVW� ZDV� GHWHFWHG� XVLQJ� WKH� ER[� SORW�

PHWKRG�� 7KH� 6KDSLUR�:LON� WHVW� HYDOXDWHG� WKH�

QRUPDOLW\� RI � GDWD�� 7KH� )OLJQHU�.LOOHQ� WHVW�

H[DPLQHG�WKH�KRPRJHQHLW\�RI �YDULDQFH�DPRQJ�

VLWHV� RI � FRPPXQLW\� IRUHVW�� &RPSDULQJ� VWDQG�

DWWULEXWHV�DPRQJ�REVHUYDWLRQ�VLWHV�ZDV�DQDO\]HG�

VHSDUDWHO\� IRU� HDFK� YDULDEOH� XVLQJ� .UXVNDO�

:DOOLV�� IROORZHG�E\�.UXVNDOO�1HPHQ\L� �7HQ]LQ�

	�+DVHQDXHU���������$IWHUZDUGV��WKH�LQÁXHQFH�

RI �VWDQG�GHQVLW\�DQG�VSHFLHV�GLYHUVLW\�RQ�WLPEHU�

SURGXFWLRQ�DQG�FDUERQ�VWRFN�LQ�WKH�FRPPXQLW\�

IRUHVW�ZDV� DVVHVVHG� IRU� HYHU\�SDUDPHWHU�XVLQJ�

WKH� JHQHUDO� OHDVW� VTXDUH� UHJUHVVLRQ� ZLWK� WKH�

PD[LPXP� OLNHOLKRRG�PHWKRG� �&DL��'L��&KDQJ��

	� -LQ�� ������� 7KH� OLQHDU� PRGHO� SDWWHUQ� ZDV�

used to evaluate the effect of  stand density 

DQG�VSHFLHV�GLYHUVLW\�RQ�WLPEHU�SURGXFWLRQ�DQG�

FDUERQ�VWRFN�

III.  RESULT AND DISCUSSION

A.  Species Composition

6XPPDUL]HG� UHVXOWV� RI � WKH� REVHUYDWLRQ�

VKRZHG� IRXU� VSHFLHV� FRPPRQO\� SODQWHG� LQ�

WKH�VWXG\�DUHD��QDPHO\�Tectona grandis��Swietenia 

macrophylla�� Acacia auriculiformis�� DQG� Falcataria 

mollucana��7DEOH�����$PRQJ�WKRVH�VSHFLHV��LW�ZDV�

documented that T. grandis EHFDPH� WKH� PRVW�

GRPLQDQW� VSHFLHV� LQ� HYHU\� FRPPXQLW\� IRUHVW�

VLWH�� &RPSDUHG� WR� RWKHUV�� WKLV� VSHFLHV� KDG� DQ�

DEXQGDQFH� UHODWLYH� PRUH� WKDQ� ���� LQ� HDFK�

VLWH�� 7KH� VHFRQG� SRVLWLRQ�ZDV� RFFXSLHG� E\�S. 

macrophylla�IROORZHG�E\�F. mollucana in the third 

UDQN��0HDQZKLOH��A. auriculiformis had the lowest 

SRSXODWLRQ��7KH�VWXG\�UHFRUGHG�WKDW�WKH�QXPEHU�

RI �VSHFLHV� LQ�WKH�.XZLUDQ�VLWH�ZDV�ORZHU�WKDQ�

LQ�WKH�RWKHU�WKUHH�VLWHV�EHFDXVH�LW�RQO\�KDG�WKUHH�

VSHFLHV��

T. grandis dominated the land cover of  

FRPPXQLW\� IRUHVW� LQ� WKH� VWXG\� DUHD� EHFDXVH�

VRFLHWLHV� LQ� HDFK� YLOODJH� KDYH� ZLGHO\� SODQWHG�

LW�� %HVLGHV� KDYLQJ� D� KLJK� SULFH�� WKH� PDUNHW�

DYDLODELOLW\� RI � WKLV� VSHFLHV�ZDV� DOVR� DFFHVVLEOH��

7KH�KLVWRU\�RI �FRPPXQLW\�IRUHVW�PDQDJHPHQW�

DOVR� VXSSRUWHG� WKLV� IDFW� LQ� WKH� VWXG\� DUHD�

wherein T. grandis�ZDV�WKH�ÀUVW�SODQWDWLRQ�VSHFLHV�

introduced to societies since the sites were 

ORFDWHG� FORVH� WR� WKH� VWDWH� IRUHVW�� PDQDJHG� E\�

3HUXP�3HUKXWDQL��6HWLDKDGL���������+RZHYHU��T. 

grandis�UHTXLUHG�D�ORQJ�JURZLQJ�SHULRG�WR�REWDLQ�

WKH�\LHOG��WKXV��PRVW�YLOODJHUV�DOVR�SODQWHG�RWKHU�

VSHFLHV�WKDW�KDG�IDVWHU�JURZWK�WKDQ�T. grandis��OLNH�

S. macrophylla��F. mollucana��DQG�A. auriculiformis��

7KHUHE\��PRVW�FRPPXQLW\�IRUHVWV�LQ�WKH�VWXG\�

DUHD� FRPSULVHG� PL[HG�VWDQG�� ZKLFK� KDG� KLJK�

YDULDWLRQ�LQ�JURZWK�DQG�DJH�GLVWULEXWLRQ�

B. Stand Characteristics

6WDQG�FKDUDFWHULVWLFV�LQ�HDFK�VLWH�YDULHG�DQG�

GHPRQVWUDWHG� IDVFLQDWLQJ� WUHQGV� �7DEOH� ����

5HIHUULQJ� WR� WKH� VWDWLVWLFDO� DQDO\VLV� RXWFRPH��

WKHUH�ZDV�QR�VLJQLÀFDQW�GLIIHUHQFH�LQ�TXDGUDWLF�

PHDQ�GLDPHWHU��PHDQ�KHLJKW��DQG�VWDQG�GHQVLW\�

LQGH[HV� DPRQJ� VLWHV� RI � FRPPXQLW\� IRUHVWV�

�3!�������6LPLODU�UHVXOWV�ZHUH�DOVR�GRFXPHQWHG�

LQ� VSHFLHV� GLYHUVLW\� SDUDPHWHUV�� LQFOXGLQJ�

ULFKQHVV��KHWHURJHQHLW\��DQG�HYHQQHVV��3!�������

,Q� FRQWUDVW�� GLIIHUHQW� RXWSXWV� ZHUH� REVHUYHG�

LQ� VWDQG� YROXPH�� DERYHJURXQG� ELRPDVV�� DQG�

FDUERQ� VWRFN�� LQ� ZKLFK� WKRVH� SDUDPHWHUV�

GLIIHUHG�VLJQLÀFDQWO\�DPRQJ�VLWHV��3�������

2XU� VWXG\� REVHUYHG� WKH� KLJKHVW� WLPEHU�

7DEOH����6SHFLHV�FRPSRVLWLRQ�LQ�HDFK�VLWH�RI �FRPPXQLW\�IRUHVW�EDVHG�RQ�WKH�UHODWLYH�DEXQGDQFH�RI �VSHFLHV

No. Species
Composition (%)

Kuwiran Morang Randualas Kare

�� Tectona grandis ����� ����� ����� �����
�� Swietenia macrophylla ���� ����� ����� �����
�� Acacia auriculiformis ���� ���� ���� ����
�� Falcataria mollucana � ���� ���� ����

7KH�,QÁXHQFH�RI �6WDQG�'HQVLW\�DQG�6SHFLHV�'LYHUVLW\�,QWR�7LPEHU�3URGXFWLRQ�����������������3DQGX�<XGKD�$GL�3XWUD�:LUDEXDQD�HW�DO��
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SURGXFWLRQ� DQG� FDUERQ� VWRFN� RI � FRPPXQLW\�

IRUHVW� LQ� 0RUDQJ�� IROORZHG� E\� 5DQGXDODV� LQ�

WKH� VHFRQG� SRVLWLRQ� DQG� .DUH� LQ� WKH� WKLUG�

SODFH���7KH�ORZHVW�UDQN�ZDV�QRWHG�LQ�.XZLUDQ��

7KH� JURZWK� SHUIRUPDQFH� RI � WKH� FRPPXQLW\�

IRUHVW�LQ�0RUDQJ�ZDV�KLJKHU�WKDQ�LQ�WKH�RWKHU�

VLWHV�EHFDXVH�LWV�VWDQG�KDG�JUHDWHU�GLPHQVLRQV��

7KH� ELJJHU� TXDGUDWLF� PHDQ� GLDPHWHU�� DYHUDJH�

KHLJKW�� DQG� VWDQG� GHQVLW\�� UHVSHFWLYHO\�� FRXOG�

EH� LQGLFDWHG�� HYHQ� WKRXJK� WKRVH� SDUDPHWHUV�

GLG� QRW� SUHVHQW� VLJQLÀFDQW� GLIIHUHQFHV�� 0DQ\�

NLQGV� RI � OLWHUDWXUH� H[SODLQHG� WKDW� JUHDWHU�

VWDQG� GLPHQVLRQ� JURZWK� LQFUHDVHV� LWV� WLPEHU�

SURGXFWLRQ� DQG� FDUERQ� VWRFN� EHFDXVH� WKH�

TXDQWLW\�RI �WUHH�YROXPH�KDV�LQFUHDVHG��*HYDxD��

&DPDFKR�� 	� &DPDFKR�� ������ /X� HW� DO��� ������

3DGLOOD�0DUWtQH]�HW�DO����������$FFRUGLQJ�WR�WKH�

UHVXOWV��LW�ZDV�VKRZQ�FOHDUO\�WKDW�WKH�GHJUHH�RI �

WLPEHU�SURGXFWLRQ�DQG�FDUERQ�VWRFN�LQ�0RUDQJ�

ZDV� KLJKHU� E\� DSSUR[LPDWHO\� ������� DQG�

�������WKDQ�.XZLUDQ�DQG�.DUH��UHVSHFWLYHO\�

&RPSDUHG� WR� RWKHU� VLWHV�� WKH� H[LVWHQFH� RI �

community forest in Randualas indicated the 

JUHDWHVW� VSHFLHV� GLYHUVLW\�� SDUWLFXODUO\� UHODWHG�

WR� KHWHURJHQHLW\� DQG� HYHQQHVV� �7DEOH� ����

6WDWLVWLFDOO\�� LW� DOVR�KDG�DQ�HTXDO� VWDQG�GHQVLW\��

WLPEHU�SURGXFWLRQ��DQG�FDUERQ�VWRFN�WR�0RUDQJ��

%DVHG� RQ� WKHVH� ÀQGLQJV�� FRPPXQLW\� IRUHVW�

FDSDELOLW\� IRU� WLPEHU� SURGXFWLRQ� DQG� FDUERQ�

VWRFN�LQ�WKH�VWXG\�DUHD�FRXOG�EH�FODVVLÀHG�LQWR�

WZR�JURXSV�� L�H�� ORZ�FODVV� �.XZLUDQ�DQG�.DUH��

DQG�KLJK�FODVV��5DQGXDODV�DQG�0RUDQJ��

5HYLHZHG� IURP� WKH� GLYHUVLW\� RI � VSHFLHV��

most community forest in the study area had 

ORZ� GLYHUVLW\� EDVHG� RQ� WKH� UDQJH� YDOXH� RI �

ULFKQHVV�� KHWHURJHQHLW\�� DQG� HYHQQHVV� �7DEOH�

���� ,W� ZDV� FDXVHG� E\� WKH� ORZ� QXPEHU� RI �

VSHFLHV� DQG� WKHLU� SRSXODWLRQ� LQ� HDFK� ORFDWLRQ��

7KH�PDMRULW\�RI � WUHH�VSHFLHV� LQ�HYHU\�VLWH�ZDV�

GRPLQDWHG� E\� T. grandis� �7DEOH� ���� $OWKRXJK�

LW� FRQVLVWHG� RI � PXOWL�VSHFLHV�� WKH� FRPPXQLW\�

IRUHVW�ZDV�SULQFLSDOO\�D�W\SH�RI �IRUHVW�HFRV\VWHP�

FRPPRQO\� HVWDEOLVKHG� E\� YLOODJHUV�� ,Q� WKLV�

FDVH�� WKH� XVH� RI � VLOYLFXOWXUDO� SUHVFULSWLRQ� ZDV�

UHODWLYHO\�OLPLWHG�DQG�FRQGXFWHG�GHSHQGLQJ�RQ�

WKH�FRPPXQLW\
V�SUHIHUHQFH��,QWHUHVWLQJO\��PRVW�

RI �WKH�FRPPXQLWLHV�SUHIHUUHG�WR�JURZ�WUHHV�WKDW�

SRWHQWLDOO\�SURYLGHG�ÀQDQFLDO�EHQHÀW��7KHUHIRUH��

FRPPXQLW\� IRUHVW� VWDQG� DWWULEXWHV�� HVSHFLDOO\�

IRU�WUHH�GLYHUVLW\��VLWXDWHG�LQ�D�WUDQVLWLRQ�SKDVH�

EHWZHHQ� PRQRFXOWXUH� SODQWDWLRQ� DQG� QDWXUDO�

IRUHVW��)LOTLVWKL�	�.DVZDQWR��������

C. Effect of  Stand Density and Species 

Diversity on Timber Production and 

Carbon Stock

6WDQG� GHQVLW\� DQG� VSHFLHV� GLYHUVLW\�

VLJQLÀFDQWO\� DIIHFWHG� WLPEHU� SURGXFWLRQ� DQG�

FDUERQ� VWRFN� LQ� FRPPXQLW\� IRUHVW� �3�������

�7DEOH�����8QIRUWXQDWHO\��WKH�PHDQLQJIXO�HIIHFW�

7DEOH����&RPSDULVRQ�RI �VWDQG�DWWULEXWHV�LQ�HDFK�VLWH�RI �FRPPXQLW\�IRUHVW��FRYHULQJ�TXDGUDWLF�PHDQ�GLDPHWHU�

�'���DYHUDJH�KHLJKW��+���VWDQG�YROXPH��9���DERYHJURXQG�ELRPDVV��$*%���FDUERQ�VWRFN��&6���ULFKQHVV�

�5����KHWHURJHQHLW\��+
���HYHQQHVV��-���DQG�VWDQG�GHQVLW\��6',�

Observation variable
Site of community forest

p-value
Kuwiran Morang Randualas Kare

D (cm) 13.31 + 1.77 a 13.67 + 1.29 a 13.57 + 1.22 a 13.08 + 1.71 a 0.687ns

H (m) 13.08 + 1.78 a 13.89 + 0.83 a 13.88 + 0.83 a 12.90 + 1.61 a 0.574ns

V (m3 ha -1) 96.81 + 32.54 a 171.02 + 51.69 a 170.20 + 51.59 a 98.87 + 35.89 c 0.001*

AGB (Mg ha -1) 86.03 + 13.27 a 126.70 + 20.16 b 116.38 + 20.12 b 73.31 + 18.57 c 0.001*

CS (Mg ha -1) 43.23 + 6.64 a 73.35 + 10.08 b 69.19 + 10.06 b 41.65 + 9.29 c 0.001*

R1 0.28 + 0.08 a 0.33 + 0.12 a 0.33 + 0.10 a 0.29 + 0.09 a 0.987ns

H' 0.29 + 0.09 a 0.45 + 0.17 a 0.49 + 0.17 a 0.33 + 0.12 a 0.179ns

J 0.32 + 0.11 a 0.58 + 0.20 a 0.63 + 0.18 a 0.31 + 0.11 a 0.172ns

SDI 416 + 146 a 500 + 139 a 503 + 138 a 426 + 144 a 0.200ns

5HPDUNV��LQGLFDWHG�D�VLJQLÀFDQW�GLIIHUHQFH�DW�¡�����ns VKRZHG�QRQ�VLJQLÀFDQW�GLIIHUHQFH�DW�¡�����WKH�VLPLODU�OHWWHU�LQ�

D�URZ�VKRZHG�QRQ�VLJQLÀFDQW�GLIIHUHQFH�DPRQJ�VLWHV

,QGRQHVLDQ�-RXUQDO�RI �)RUHVWU\�5HVHDUFK�9RO�����1R�����$SULO������������������������������������������,661������������(�,661�����������
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7DEOH����5HVXOWV�RI �WKH�EHVW�ÀW�JHQHUDOL]HG�OHDVW�VTXDUH�UHJUHVVLRQ�IRU�H[SORULQJ�WKH�HIIHFW�RI �VWDQG�GHQVLW\�

DQG�VSHFLHV�GLYHUVLW\�RQ�WLPEHU�SURGXFWLRQ�DQG�FDUERQ�VWRFN�LQ�FRPPXQLW\�IRUHVW 

Response variable Predictor variable R2 Estimate SE t Stat P-value

7LPEHU�SURGXFWLRQ 6WDQG�GHQVLW\��6',� ����� ����� ����� ������ ������

 5LFKQHVV��5�� ����� ������ ������ ����� �����ns

 +HWHURJHQHLW\��+
� ����� ������� ������ ����� ������

 (YHQQHVV��-� ����� ������ ������ ����� �����ns

&DUERQ�VWRUDJH 6WDQG�GHQVLW\��6',� ����� ����� ����� ������ ������

 5LFKQHVV��5�� ����� ������ ������ ����� �����ns

 +HWHURJHQHLW\��+
� ����� ������ ������ ����� ������

 (YHQQHVV��-� ����� ������ ����� ����� �����ns

5HPDUNV��LQGLFDWHG�D�VLJQLÀFDQW�GLIIHUHQFH�DW�¡�����ns VKRZHG�QRQ�VLJQLÀFDQW�GLIIHUHQFH�DW�¡���

)LJXUH����5HODWLRQVKLS�DPRQJ�VWDQG�GHQVLW\�DQG�VSHFLHV�GLYHUVLW\�ZLWK�WLPEHU�SURGXFWLRQ�DQG�FDUERQ�VWRFN�

RI �FRPPXQLW\�IRUHVW�LQ�0DGLXQ

7KH�,QÁXHQFH�RI �6WDQG�'HQVLW\�DQG�6SHFLHV�'LYHUVLW\�,QWR�7LPEHU�3URGXFWLRQ�����������������3DQGX�<XGKD�$GL�3XWUD�:LUDEXDQD�HW�DO��
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RI � VSHFLHV� GLYHUVLW\� RQ� ERWK� SDUDPHWHUV� ZDV�

RQO\�GHPRQVWUDWHG�E\�KHWHURJHQHLW\� �3��������

7KLV� VWXG\� VKRZV� WKDW� WKHUH� ZDV� QR� HVVHQWLDO�

LQÁXHQFH�RI � ULFKQHVV� DQG�HYHQQHVV�RQ� WLPEHU�

SURGXFWLRQ� DQG� FDUERQ� VWRFN� LQ� FRPPXQLW\�

IRUHVW� �3!������� 7KH� PDMRULW\� RI � FRPPXQLW\�

IRUHVWV� KDG� VLPLODU� VSHFLHV� FRPSRVLWLRQ� LQ�

which T. grandis�ZDV�WKH�PRVW�GRPLQDQW�VSHFLHV�

LQ� WKHVH� DUHDV� �7DEOH� ���� 7KHVH� ÀQGLQJV� ZHUH�

FRQVLGHUDEO\�GLIIHUHQW�IURP�WKH�VWXG\�SXEOLVKHG�

E\�)LOTLVWKL�DQG�.DVZDQWR���������ZKR�UHSRUWHG�

WKDW� WKHUH�ZDV�QR�VLJQLÀFDQW�HIIHFW�RI � VSHFLHV�

GLYHUVLW\� RQ� VWDQG� DWWULEXWHV� RI � FRPPXQLW\�

IRUHVWV� LQ�:HVW� -DYD��PDLQO\� UHODWHG� WR� WLPEHU�

SURGXFWLRQ� DQG� FDUERQ� VWRFN�� 7KH� UHVXOWV� DUH�

DOVR�GLIIHUHQW�ZLWK�WKH�VWXG\�FRQGXFWHG�E\�&DL�

HW�DO���������LQ�&KLQD��ZKR�GRFXPHQWHG�D�KLJK�

HIIHFW� RI � ULFKQHVV� RQ� FDUERQ� VWRUDJH� LQ� WKH�

.RUHDQ�SLQH�IRUHVW��P. koraensis���1HYHUWKHOHVV��

WKLV� VWXG\� UHSRUWHG� D� VLPLODU� UHVXOW� WR� DQ�

REVHUYDWLRQ� XQGHUWDNHQ� E\� 0F1LFRO� HW� DO��

������� LQ�6RXWK�(DVWHUQ�7DQ]DQLD��ZKR�QRWHG�

D� VXEVWDQWLDO� LQÁXHQFH� RI � VWDQG� GHQVLW\� DQG�

VSHFLHV� GLYHUVLW\� RQ� WLPEHU� SURGXFWLRQ� DQG�

FDUERQ� VWRFN� LQ� GU\� VDYDQQDK� IRUHVW�� 7KRVH�

FRPSDULVRQV�VWURQJO\�LQGLFDWHG�WKDW�HYHU\�W\SH�

of  forest would demonstrate the different 

UHODWLRQVKLS� DPRQJ� VWDQG� GHQVLW\� DQG� VSHFLHV�

GLYHUVLW\� ZLWK� WLPEHU� SURGXFWLRQ� DQG� FDUERQ�

VWRFN��LQFOXGLQJ�FRPPXQLW\�IRUHVW�

2XU� VWXG\� REVHUYHG� D� OLQHDU� UHODWLRQVKLS�

DPRQJ� VWDQG� GHQVLW\� DQG� VSHFLHV� GLYHUVLW\�

ZLWK�WLPEHU�SURGXFWLRQ�DQG�FRPPXQLW\�IRUHVW�

FDUERQ� VWRFN�� 7KH� JUHDWHU� VWDQG� GHQVLW\� DQG�

VSHFLHV� GLYHUVLW\� LQFUHDVHG� WLPEHU� SURGXFWLRQ�

DQG�FDUERQ�VWRFN��)LJXUH�����7KLV�ZDV�VLPLODU�WR�

D�VWXG\�FRQGXFWHG�E\�*HYDxD�HW�DO���������LQ�WKH�

3KLOLSSLQHV��ZKR�UHSRUWHG�D�OLQHDU�UHODWLRQVKLS�

DPRQJ� VWDQG� GHQVLW\� DQG� VSHFLHV� GLYHUVLW\�

ZLWK�VWDQG�DWWULEXWHV�LQ�PDQJURYHV��OLNH�WLPEHU�

YROXPH� DQG� FDUERQ� VWRFN�� ,Q� DGGLWLRQ�� LW� ZDV�

UHFRUGHG� ZKHUHLQ� VWDQG� GHQVLW\� SURYLGHG� D�

KLJKHU� HIIHFW� �5� ������ WKDQ� VSHFLHV� GLYHUVLW\�

(R� ������ RQ� WKH� SURGXFWLYLW\� RI � FRPPXQLW\�

IRUHVW��7DEOH�����7KLV�WUHQG�FRXOG�KDYH�RFFXUUHG�

since stand density was one of  the stand 

SDUDPHWHUV� WKDW� GHVFULEHG� D� GHJUHH� RI � WUHH�

FURZGLQJ� SHU� XQLW� DUHD� �=HLGH�� ������� +LJKHU�

VWDQG� GHQVLW\� LQGLFDWHG� D� JUHDWHU� QXPEHU� RI �

WUHHV� DQG� ELJJHU� JURZWK� GLPHQVLRQ� EHFDXVH�

WKLV�SDUDPHWHU�ZDV�GHWHUPLQHG�E\�FRQVLGHULQJ�

VHYHUDO� JURZWK� DWWULEXWHV�� VXFK� DV� QXPEHU� RI �

WUHHV�� VSDFLQJ�� PHDQ� KHLJKW�� TXDGUDWLF� PHDQ�

GLDPHWHU�� FURZQ� SURMHFWLRQ� DUHD�� DQG� FURZQ�

GLDPHWHU��/X�HW�DO���������

IV.  CONCLUSION

Our study concluded that stand density 

DQG�VSHFLHV�GLYHUVLW\�VLJQLÀFDQWO\�DIIHFW�WLPEHU�

SURGXFWLRQ� DQG� FDUERQ� VWRFN� RI � FRPPXQLW\�

IRUHVW�� ZKHUHLQ� VWDQG� GHQVLW\� SURYLGHG�

JUHDWHU� LQÁXHQFH� WKDQ� VSHFLHV� GLYHUVLW\� RQ�

ERWK� SDUDPHWHUV�� 7KH� PHDQLQJIXO� HIIHFW� RI �

VSHFLHV�GLYHUVLW\�ZDV�RQO\�GHPRQVWUDWHG�E\�WKH�

KHWHURJHQHLW\� DVSHFW� ZKLOH� WKHUH� ZDV� QRW� DQ�

LPSRUWDQW� LQÁXHQFH�RI � ULFKQHVV� DQG� HYHQQHVV�

RQ� WLPEHU� SURGXFWLRQ� DQG� FDUERQ� VWRFN� RI �

FRPPXQLW\�IRUHVW�
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