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➨ �ၥ� 5HDG�WKH�DUWLFOH�DQG�DQVZHU�WKH�TXHVWLRQV�WKDW�IROORZ�� �

%\� DERXW� ����� &�(��� 3RO\QHVLDQV� ZHUH� PDVWHUV� RI�
RFHDQLF� H[SORUDWLRQ�� URDPLQJ� ������ NLORPHWHUV� DFURVV� WKH�
3DFLILF�2FHDQ�LQ�RXWULJJHU�FDQRHV��*XLGHG�E\�VXEWOH�FKDQJHV�
RI�ZLQG�DQG�ZDYHV��WKH�SDWKV�RI�PLJUDWLQJ�ELUGV��EXUVWV�RI�
OLJKW�IURP�ELROXPLQHVFHQW�SODQNWRQ��DQG�WKH�SRVLWLRQ�RI�WKH�
VWDUV��WKH\�UHDFKHG�DQG�VHWWOHG�LVODQGV�IURP�1HZ�=HDODQG�WR�
5DSD�1XL��RU�(DVWHU�,VODQG��WKH�FORVHVW�3RO\QHVLDQ�LVODQG�WR�
6RXWK�$PHULFD��

6R� LW¶V� QDWXUDO� WR� ZRQGHU�� 'LG� WKHVH� ZRUOG�FODVV�
H[SORUHUV� PDNH� LW� WKH� ODVW� ������ NLORPHWHUV� WR� 6RXWK�
$PHULFD"�$�JHQRPLF�VWXG\�RI�PRUH�WKDQ�����PRGHUQ�3RO\QHVLDQV�DQG�1DWLYH�$PHULFDQV�VXJJHVWV�WKH\�
GLG��SRVVLEO\�EHIRUH�WKH�DUULYDO�RI�WKH�ILUVW�(XURSHDQV�� �

7KH�ZRUN� �� � �࠶ � ��HDUOLHU�HYLGHQFH� WKDW� WKH� WZR� JURXSV�PHW�DQG�PL[HG�ZHOO� EHIRUH� WKH�HUD�RI�
(XURSHDQ�FRORQLDOLVP��$QG�LW�VKDNHV�XS�WKH�PRVW�SRSXODU�PRGHO�RI�ZKHUH�1DWLYH�$PHULFDQ�JHQHV�ILUVW�
WRRN�URRW�LQ�3RO\QHVLD��VKLIWLQJ�WKH�IRFXV�IURP�5DSD�1XL�WR�LVODQGV�IDUWKHU�ZHVW��

͆7KLV�LV�DQ�H[FHOOHQW��H[FLWLQJ�VWXG\�´�VD\V�/DUV�)HKUHQ�6FKPLW]��DQ�DQWKURSRORJLFDO�JHQHWLFLVW�DW�
WKH�8QLYHUVLW\�RI�&DOLIRUQLD��8&���6DQWD�&UX]��([SDQGLQJ�JHQRPLF�UHVHDUFK�WR�LVODQGV�EH\RQG�5DSD�1XL�
³ZDV�ZKDW�ZDV�PLVVLQJ�IURP�WKH�ZKROH�SLFWXUH�´�

(DUOLHU�KLQWV�RI�FRQWDFW�EHWZHHQ�WKH�WZR�JURXSV�LQFOXGHG�WKH�VZHHW�SRWDWR��ZKLFK�ZDV�GRPHVWLFDWHG�
LQ�WKH�$QGHV�EXW�JURZQ�DQG�HDWHQ�DOO�RYHU�3RO\QHVLD�IRU�KXQGUHGV�RI�\HDUV�EHIRUH�(XURSHDQV�DUULYHG��$QG�
D������VWXG\�RI����PRGHUQ�SHRSOH�IURP�5DSD�1XL�IRXQG�WKH\�KDG�1DWLYH�$PHULFDQ�DQFHVWU\�GDWLQJ�EDFN�
WR�EHWZHHQ������&�(��DQG������&�(��²�DW�OHDVW�����\HDUV�EHIRUH�WKH�ILUVW�(XURSHDQV�ODQGHG�WKHUH�LQ������
&�(��%XW�D������DQFLHQW�'1$�VWXG\��OHG�E\�)HKUHQ�6FKPLW]��IRXQG�QR�VLJQ�RI�1DWLYH�$PHULFDQ�DQFHVWU\�
LQ�ILYH�SHRSOH�ZKR�OLYHG�RQ�5DSD�1XL�EHIRUH�DQG�DIWHU�(XURSHDQ�FRQWDFW��

3RSXODWLRQ�JHQHWLFLVW�$QGUpV�0RUHQR�(VWUDGD�DQG�DQWKURSRORJLVW�.DUOD�6DQGRYDO��ERWK�DW�0H[LFR¶V�
1DWLRQDO� /DERUDWRU\� RI� *HQRPLFV� IRU� %LRGLYHUVLW\�� WUDYHOHG� WR� 5DSD� 1XL� LQ� ����� DQG� LQYLWHG� WKH�
FRPPXQLW\�WR�SDUWLFLSDWH�LQ�D�VWXG\��7KH\�DQDO\]HG�JHQRPH�ZLGH�GDWD�IURP�����SHRSOH�IURP�WKH�LVODQG��
7KHQ�WKH\�FRPELQHG�WKRVH�GDWD�ZLWK�JHQRPLF�DQDO\VHV�RI�����3RO\QHVLDQ�SHRSOH�IURP����RWKHU�LVODQGV��
ZKRVH�JHQHWLF�VDPSOHV�KDG�EHHQ�FROOHFWHG�LQ�WKH�����V��

͆,W¶V�DQ�DPD]LQJ�GDWD�VHW�´�VD\V�$QQD�6DSIR�0DODVSLQDV��D�SRSXODWLRQ�JHQHWLFLVW�DW�WKH�8QLYHUVLW\�
RI�/DXVDQQH�ZKR�OHG�WKH������ZRUN�WKDW�IRXQG�HYLGHQFH�IRU�FRQWDFW��

0RUHQR�(VWUDGD��6DQGRYDO��DQG�WKHLU�WHDP�IRXQG�WKDW�SHRSOH�RQ�PDQ\�LVODQGV�KDG�ERWK�3RO\QHVLDQ�
DQG�(XURSHDQ�DQFHVWU\��UHIOHFWLQJ�WKHLU�FRORQLDO�KLVWRULHV��%XW�WKH\�ZHUH�DOVR�DEOH�WR�GHWHFW�D�VPDOO�DPRXQW�
RI�1DWLYH�$PHULFDQ�DQFHVWU\� LQ�SHRSOH�IURP� WKH�HDVWHUQ�3RO\QHVLDQ� LVODQGV�RI�3DOOLVHU�� WKH�0DUTXHVDV��
0DQJDUHYD��DQG�5DSD�1XL��7KH�1DWLYH�$PHULFDQ�VHTXHQFHV�ZHUH�VKRUW�DQG�QHDUO\�LGHQWLFDO�²�VHHPLQJO\�
D� OHJDF\� RI� RQH� ORQJ�DJR�PHHWLQJ�ZLWK� D� 1DWLYH�$PHULFDQ� JURXS�� UDWKHU� WKDQ� VXVWDLQHG� FRQWDFW� RYHU�



JHQHUDWLRQV��0RUHQR�(VWUDGD�VD\V��
�� �࠸� � ��WKRVH�VHTXHQFHV�ZLWK�JHQRPHV�IURP�SHRSOH�IURP����,QGLJHQRXV�JURXSV�IURP�WKH�3DFLILF�

FRDVW� RI� /DWLQ�$PHULFD�� UHVHDUFKHUV� IRXQG� PRVW� VLPLODULW\� WR� WKH� =HQX�� DQ� ,QGLJHQRXV� JURXS� IURP�
&RORPELD��WKH�WHDP�UHSRUWV�WRGD\�LQ�Nature��

$QDO\VHV�RI�WKH�OHQJWK�RI�WKH�1DWLYH�$PHULFDQ�VHTXHQFHV�VKRZ�WKLV�DQFHVWU\�DSSHDUHG�ILUVW�RQ�)DWX�
+LYD�LQ�WKH�6RXWK�0DUTXHVDV�URXJKO\����JHQHUDWLRQV�DJR��ZKLFK�ZRXOG�GDWH�LW�WR�DERXW������&�(��7KDW¶V�
DERXW�ZKHQ�WKH�LVODQG�ZDV�VHWWOHG�E\�3RO\QHVLDQV��UDLVLQJ�WKH�SRVVLELOLW\�WKH�FRQWDFW�KDSSHQHG�HYHQ�HDUOLHU��
7KH�JHQHWLF�OHJDF\�RI�WKDW�PL[LQJ�ZDV�WKHQ�FDUULHG�E\�3RO\QHVLDQ�YR\DJHUV�DV�WKH\�VHWWOHG�RWKHU�LVODQGV��
LQFOXGLQJ�5DSD�1XL��

:KHUH�H[DFWO\�WKH�ILUVW�HQFRXQWHU�WRRN�SODFH��WKH�WHDP�FDQ¶W�VD\��0RGHUQ�/DWLQ�$PHULFDQ�ILVKHUPHQ�
ORVW�DW�VHD�KDYH�EHHQ�NQRZQ�WR�GULIW�DOO�WKH�ZD\�WR�3RO\QHVLDQ�LVODQGV��³,W�FRXOG�KDYH�EHHQ�RQH�UDIW�ORVW�LQ�
WKH�3DFLILF�´�0RUHQR�(VWUDGD�VD\V��

%XW�LW¶V�PRUH�OLNHO\�WKDW�3RO\QHVLDQV�WUDYHOHG�WR�WKH�QRUWKHUQ�FRDVW�RI�6RXWK�$PHULFD��VD\V�.HROX�
)R[��D�JHQRPH�VFLHQWLVW�DW�8&�6DQ�'LHJR��3RO\QHVLDQ�YR\DJHUV�IUHTXHQWO\�WUDYHOHG�EHWZHHQ�LVODQGV�DQG�
FRXOG�KDYH�MRXUQH\HG�WR�6RXWK�$PHULFD�DQG�EDFN��SHUKDSV�PXOWLSOH�WLPHV��)R[�VD\V��³,Q�WKH�SURFHVV��WKHVH�
3RO\QHVLDQV�EULQJ�EDFN�WKH�VZHHW�SRWDWR��DQG�WKH\�DOVR�EULQJ�EDFN�D�VPDOO�IUDJPHQW�RI�1DWLYH�$PHULFDQ�
'1$´�IURP�UHODWLRQVKLSV�RQ�WKH�PDLQODQG��³7KH�RFHDQ�LV�QRW�D�EDUULHU´�IRU�3RO\QHVLDQV��KH�VD\V��

)HKUHQ�6FKPLW]�DQG�RWKHU�UHVHDUFKHUV�DJUHH�FRQWDFW�LV�OLNHO\��EXW�VWUHVV�WKDW�RQO\�DQFLHQW�'1$�FDQ�
SURYLGH�GLUHFW� HYLGHQFH�RI� DQ�HQFRXQWHU��%XW�'1$�GHJUDGHV�TXLFNO\� LQ� WKH� WURSLFV�²�DQG�3RO\QHVLDQ�
FRPPXQLWLHV�WKDW�UHPHPEHU�EHLQJ�GLVUHVSHFWHG�E\�:HVWHUQ�VFLHQWLVWV�LQ�WKH�SDVW�PD\�EH�UHOXFWDQW�WR�JUDQW�
SHUPLVVLRQ�IRU�JHQHWLF�VWXGLHV�RI�WKHLU�DQFHVWRUV��VD\V�)R[��ZKR�LV�.ƗQDND�0DROL��1DWLYH�+DZDLLDQ���7R�
PRYH� IRUZDUG�� KH� VD\V�� UHVHDUFKHUV� QHHG� WR� GHHSO\� HQJDJH� RQ� DQ� RQJRLQJ� EDVLV� ZLWK� GHVFHQGDQW�
FRPPXQLWLHV�RQ�PDQ\�LVODQGV��

)RU� QRZ�� ³7KLV� VWXG\� VKRZV� XV� D� QHZ� SDWK� WR� IROORZ�´� VD\V� )UDQFLVFR� 7RUUHV� +RFKVWHWWHU�� DQ�
DUFKDHRORJLVW�DW�WKH�)DWKHU�6HEDVWLDQ�(QJOHUW�$QWKURSRORJLFDO�0XVHXP�LQ�+DQJD�5RD�RQ�5DSD�1XL��³,W�
RSHQV�RXU�PLQGV�´�

KWWSV���ZZZ�VFLHQFHPDJ�RUJ�QHZV���������SRO\QHVLDQV�VWHHULQJ�VWDUV�PHW�QDWLYH�DPHULFDQV�ORQJ�HXURSHDQV�DUULYHG��ᨵኚࡾ࠶��

ὀ� 3RO\QHVLD�� ኴᖹὒࡢᓥࠊࡕ࠺ࡢࠎࠊ࣡ࣁࡣ༡ࠊࢻ࣮ࣥࣛࢪ࣮ࣗࢽࡣᮾ࣮ࢱࢫ࣮ࡣᓥࢆ㡬Ⅼࡿࡍ
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� RXWULJJHU�FDQRH�� ⯨እᾋᮦ࣮ࢾ࢝ࡁ� ELROXPLQHVFHQW�� ⏕≀Ⓨගᛶࡢ�

� DQWKURSRORJLFDO�JHQHWLFLVW�� ே㢮Ꮫⓗ㑇ఏᏛ⪅� YR\DJHU�� ෑ㝤ⓗ⯟ᾏ⪅�

� UDIW�� ⟁� � �

� �
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From Polynesians steering by the stars met Native Americans long before Europeans arrived by Lizzie Wade, Science, 8 July 2020.Copyright © 
2020 Lizzie Wade. Reprinted with permission from AAAS.



ၥ ��� &KRRVH�WKH�PRVW�DSSURSULDWH�ZRUG�WR�ILOO�LQ�WKH�EODQN�IRU��� � �࠶ � ���:ULWH�WKH�QXPEHU�RI�\RXU�DQVZHU�
LQ�>� � ��� � @�� �

� ����FRQWUDGLFWV� ����JHQHUDWHV� ����TXHVWLRQV� ����VWUHQJWKHQV� �

ၥ ��� &KRRVH�WKH�PRVW�DSSURSULDWH�ZRUG�WR�ILOO�LQ�WKH�EODQN�IRU��� � �࠸ � ���:ULWH�WKH�QXPEHU�RI�\RXU�DQVZHU�
LQ�>� � ��� � @�� �

� ����&RPSDULQJ� ����&RQFHDOLQJ� ����&RQVWUXFWLQJ� ����&RQWLQXLQJ� �

ၥ ��� :KLFK�RI�WKH�IROORZLQJ�LV�WKH�FORVHVW�WR�ZKDW�WKH�DUWLFOH�VWDWHV�DV�D�SRVVLEOH�FOXH�WKDW�WKHUH�ZDV�FRQWDFW�
EHWZHHQ�3RO\QHVLDQV�DQG�1DWLYH�$PHULFDQV�EHIRUH�WKH�WLPH�RI�(XURSHDQ�FRORQLDOLVP"�:ULWH�WKH�QXPEHU�
RI�\RXU�DQVZHU�LQ�>� � ��� � @�� �

� ����(YLGHQFH� VKRZHG� WKDW�3RO\QHVLDQV� DQG�1DWLYH�$PHULFDQV� FRKDELWHG� IRU�KXQGUHGV� RI�\HDUV
EHIRUH�(XURSHDQ�FRQWDFW��

� ����2QH�VWXG\�IRXQG�VLJQV�WKDW�1DWLYH�$PHULFDQV�KDYH�DQFHVWRUV�ZKR�OLYHG�RQ�5DSD�1XL�EHIRUH�
(XURSHDQ�FRQWDFW��

� ����3RO\QHVLDQ�DQG�1DWLYH�$PHULFDQ�DQFHVWU\�ERWK�DSSHDU� WR�KDYH�RULJLQDWHG� IURP� WKH�.ƗQDND�
0DROL�SHRSOH��

� ����6ZHHW� SRWDWRHV��ZKLFK�ZHUH� GRPHVWLFDWHG� LQ� 6RXWK�$PHULFD��ZHUH� SUHYDOHQW� LQ� 3RO\QHVLD�
EHIRUH�WKH�DUULYDO�RI�(XURSHDQV��

ၥ ��� :KLFK�RI�WKH�IROORZLQJ�LV�WKH�FORVHVW�WR�ZKDW�WKH�DUWLFOH�VWDWHV�DERXW�WKH�ILUVW�HQFRXQWHU�EHWZHHQ�1DWLYH�
$PHULFDQV�DQG�3RO\QHVLDQV"�:ULWH�WKH�QXPEHU�RI�\RXU�DQVZHU�LQ�>� � ��� � @��

� ����,W�LV�SRVVLEOH�WKDW�UDWKHU�WKDQ�D�6RXWK�$PHULFDQ�UDIW�GULIWLQJ�WR�3RO\QHVLDQ�LVODQGV��3RO\QHVLDQV
ILUVW�ZHQW�WR�6RXWK�$PHULFD��

� ����,W�VHHPV�OLNHO\�WKDW�3RO\QHVLDQV�ILUVW�ODQGHG�LQ�WKH�QRUWKHUQ�VHFWLRQ�RI�WKH�DUHD�WKDW�LV�FXUUHQWO\�
8&�6DQ�'LHJR��

� ����1DWLYH�$PHULFDQ� DQFHVWU\� ILUVW� DSSHDUHG� LQ� WKH� 6RXWK�0DUTXHVDV� DFFRUGLQJ� WR� D�GRFXPHQW
GDWHG�������

� ����7KH�ORFDWLRQ�RI�WKH�LQLWLDO�HQFRXQWHU�ZDV�DFFLGHQWDOO\�GLVFRYHUHG�E\�PRGHUQ�/DWLQ�$PHULFDQ�
ILVKHUPHQ��
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ၥ ��� :KLFK�RI�WKH�IROORZLQJ�LV�127�VWDWHG�LQ�WKH�DUWLFOH�DERXW�0RUHQR�(VWUDGD�DQG�6DQGRYDO¶V�UHVHDUFK"�
:ULWH�WKH�QXPEHU�RI�\RXU�DQVZHU�LQ�>� � ��� � @�� �

� ����7KH\�DQDO\]HG�JHQRPLF�GDWD�RI�RYHU�����SHRSOH�IURP�5DSD�1XL��
� ����7KH\�DQDO\]HG�JHQRPLF�GDWD�RI�SHRSOH�IURP�VHYHQWHHQ�3RO\QHVLDQ�LVODQGV��
� ����7KH\�GHWHFWHG�(XURSHDQ�DQFHVWU\�LQ�SHRSOH�RQ�PDQ\�3RO\QHVLDQ�LVODQGV��
� ����7KH\�IRXQG�HYLGHQFH�RI�VXVWDLQHG�FRQWDFW�EHWZHHQ�3RO\QHVLDQV�DQG�1DWLYH�$PHULFDQV��

ၥ ��� :KLFK� RI� WKH� IROORZLQJ� LV� WKH� FORVHVW� WR�ZKDW� WKH� DUWLFOH� VWDWHV� DERXW� FRQILUPLQJ� FRQWDFW� EHWZHHQ�
3RO\QHVLDQV�DQG�1DWLYH�$PHULFDQV"�:ULWH�WKH�QXPEHU�RI�\RXU�DQVZHU�LQ�>� � ��� � @��

� ����%HFDXVH� '1$� EUHDNV� GRZQ� TXLFNO\� LQ� WURSLFDO� FOLPDWHV��PRUH� FXUUHQW� '1$� VDPSOHV� DUH
QHFHVVDU\�WR�SURYLGH�GLUHFW�HYLGHQFH�RI�WKH�FRQWDFW��

� ����3RO\QHVLDQ�SHRSOH�PD\�KHVLWDWH�WR�DOORZ�:HVWHUQ�VFLHQWLVWV�WR�FRQGXFW�JHQHWLF�VWXGLHV�RI�WKHLU
DQFHVWRUV��

� ����5DSD�1XL�DQG�PDQ\�RWKHU�3RO\QHVLDQ�LVODQGV�DUH�XQLQKDELWHG��VR�LW�LV�GLIILFXOW�WR�WHVW�'1$�RI
PRGHUQ�3RO\QHVLDQ�SHRSOH��

� ����:KHQ�VWXG\LQJ�3RO\QHVLDQ�DQFHVWU\��LW�LV�GLIILFXOW�WR�GLVWLQJXLVK�EHWZHHQ�WKH�'1$�RI�1DWLYH�
$PHULFDQV�DQG�(XURSHDQV��

�
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➨ �ၥ� ḟࡢⱥᩥࢆㄞࠊࡳᚋࡢၥࠋ࠸ࡉ࡞࠼⟆࠸�

)RU�FHQWXULHV��7LNDO�ZDV�D�EXVWOLQJ�0D\D�FLW\�LQ�ZKDW�LV�QRZ�QRUWKHUQ�*XDWHPDOD��%XW�E\�WKH�ODWH�
���V�&(�� LWV� SOD]DV� DQG� WHPSOHV� VWRRG� VLOHQW�� VXUURXQGHG�E\�PRVWO\� DEDQGRQHG� IDUPV��$� UHFHQW� VWXG\�
VXJJHVWV�D�SRVVLEOH�H[SODQDWLRQ�IRU�LWV�GHFOLQH��PHUFXU\�DQG�WR[LF�DOJDO�EORRPV�SRLVRQHG�WKH�ZDWHU�VRXUFHV�
WKDW�VKRXOG�KDYH�FDUULHG�WKH�FLW\�WKURXJK�GU\�VHDVRQV��

7LNDO¶V�0D\D�UXOHUV�EXLOW�WKH�FLW\¶V�UHVHUYRLUV�WR�VWRUH�ZDWHU�IURP�UDLQ�DQG�UXQRII�GXULQJ�WKH�ZLQWHU�
PRQWKV��7KH�SDYHPHQW�RI�WKH�ODUJH�SOD]DV�LQ�WKH�KHDUW�RI�WKH�FLW\�VORSHG�VOLJKWO\��KHOSLQJ�IXQQHO�UDLQZDWHU�
LQWR� WKH� UHVHUYRLUV�� 2YHU� WKH� FHQWXULHV�� GXVW� DQG� OLWWHU� VHWWOHG� LQWR� WKH� ERWWRP� RI� WKH� UHVHUYRLUV�� WRR��
SURYLGLQJ�D�UHFRUG�RI�ZKDW�WKH�HQYLURQPHQW�DURXQG�7LNDO�ZDV�OLNH�²�DQG�ZKDW�ZDV�ZDVKLQJ�LQWR�WKH�FLW\¶V�
ZDWHU� VXSSO\��8QLYHUVLW\�RI�&LQFLQQDWL�ELRORJLVW�'DYLG�/HQW]�DQG�KLV�FROOHDJXHV� VDPSOHG�VHGLPHQWDU\�
OD\HUV�GDWLQJ�EDFN�WR�WKH�PLG����V��DQG�WKH\�IRXQG�WKDW�WZR�RI�7LNDO¶V�FHQWUDO�UHVHUYRLUV�ZRXOG�KDYH�EHHQ�
WRR�SROOXWHG�WR�GULQN�IURP��

�
࠙� �࠶� ��ࠚ�

$Q� ;�UD\� IOXRUHVFHQFH� VSHFWURPHWHU� �;5)�� UHYHDOHG� WKDW� WKH� VHGLPHQW� RQ� WKH� ERWWRP� RI� WKH�
UHVHUYRLUV�ZDV�ODFHG�ZLWK�GDQJHURXV�DPRXQWV�RI�PHUFXU\��/HQW]�DQG�KLV�FROOHDJXHV�DOVR�IRXQG�DQFLHQW�
'1$�IURP�EOXH�JUHHQ�DOJDH��RU�F\DQREDFWHULD��ZKLFK�FDQ�SURGXFH�GHDGO\�WR[LQV��

%XW�KRZ�GLG�WKH�UHVHUYRLUV�JHW�VR�SROOXWHG�LQ�WKH�ILUVW�SODFH"�
³&RORU�ZDV� LPSRUWDQW� LQ� WKH� DQFLHQW�0D\D�ZRUOG�´� VDLG�8QLYHUVLW\�RI�&LQFLQQDWL� DQWKURSRORJLVW�

.HQQHWK�7DQNHUVOH\��D�FR�DXWKRU�RI�WKH�VWXG\��7KH�0D\D�ZHUH�HVSHFLDOO\�IRQG�RI�SDLQW�PDGH�IURP�D�EORRG�
UHG�PLQHUDO�SLJPHQW�FDOOHG�FLQQDEDU��3DLQWHUV�XVHG�LW�LQ�FRORUIXO�PXUDOV��DQG�EXLOGHUV�SDLQWHG�WKH�SODVWHU�
ZDOOV�RI�SDODFHV�DQG�WHPSOHV�ZLWK�LW��

8QIRUWXQDWHO\�IRU�WKH�0D\D��FLQQDEDU�LV�SRLVRQ��7KH�SUHWW\�UHG�PLQHUDO�SURGXFHV�VXFK�ORYHO\�VKDGHV�
ZKHQ�PL[HG�ZLWK�LURQ�R[LGH��$QG�/HQW]�DQG�KLV�FROOHDJXHV�VD\�WKDW�RYHU�WKH�FHQWXULHV��PHUFXU\�OHDFKHG�
RXW� RI� WKH� EULJKWO\� SDLQWHG� ZDOOV� RI� 7LNDO¶V� PRVW� PDJQLILFHQW� EXLOGLQJV� DQG� IORZHG� VWUDLJKW� LQWR� LWV�
UHVHUYRLUV��

�
࠙� �࠸� ��ࠚ�

³:H�ZHUH�DEOH�WR�ILQG�D�PLQHUDO�ILQJHUSULQW�WKDW�VKRZHG�EH\RQG�D�UHDVRQDEOH�GRXEW�WKDW�WKH�PHUFXU\�
LQ�WKH�ZDWHU�RULJLQDWHG�IURP�FLQQDEDU�´�VDLG�7DQNHUVOH\��

0RVW�RI�WKH�WLPH��SROOXWHG�XUEDQ�ZDWHU�VXSSOLHV�DUH�D�SUREOHP�IRU�WKH�SRRU�²�WKLQN�RI�WKH�/RQGRQ�
FKROHUD�RXWEUHDN�WKDW�NLFNVWDUWHG�PRGHUQ�HSLGHPLRORJ\��RU�PRGHUQ�OHDG�SROOXWLRQ�LQ�WKH�ZDWHU�VXSSO\�RI�
)OLQW��0LFKLJDQ��%XW�WKH�UHVHUYRLUV�LQ�7LNDO�ZDWHUHG�WKH�SROLWLFDO�DQG�FHUHPRQLDO�KHDUW�RI�WKH�FLW\��DV�WKH\�
UHVLGHG�QH[W�GRRU�WR�D�SDODFH�FRPSOH[�DQG�PDMRU�WHPSOHV��

³7KH�GULQNLQJ�DQG�FRRNLQJ�ZDWHU�IRU�WKH�7LNDO�UXOHUV�DQG�WKHLU�HOLWH�HQWRXUDJH�DOPRVW�FHUWDLQO\�FDPH�

（2021 一前医英 12-21）
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IURP�WKH�3DODFH�DQG�7HPSOH�5HVHUYRLUV�´�ZURWH�/HQW]�DQG�KLV�FROOHDJXHV��³$V�D�UHVXOW��WKH�OHDGLQJ�IDPLOLHV�
RI�7LNDO�OLNHO\�ZHUH�IHG�IRRGV�ODFHG�ZLWK�PHUFXU\�DW�HYHU\�PHDO�´�

�
࠙� �࠺� ��ࠚ�

$QG�LURQLFDOO\��WKH�ZHDOWK�DQG�SRZHU�WKDW�VXUURXQGHG�WKH�UHVHUYRLUV�SRLVRQHG�WKHLU�ZDWHUV�EXW�OHIW�
WKH� UHVW� RI� WKH� FLW\¶V� ZDWHU� VXSSO\� XQWRXFKHG�� 7KH� SOD]DV� WKDW� GUDLQHG� LQWR� WKH� 3DODFH� DQG� 7HPSOH�
5HVHUYRLUV�ZHUH�VXUURXQGHG�E\�SDODFHV�� WHPSOHV��EDOOFRXUWV��DQG�FHPHWHULHV��DOO�GHFRUDWHG�ZLWK�PXUDOV�
DQG�FLQQDEDU�SDLQWHG�SODVWHU��7ZR�RWKHU�ODUJH�UHVHUYRLUV�LQ�OHVV�SUHVWLJLRXV�DUHDV�RI�WKH�FLW\�ZHUH�PHUFXU\�
IUHH��DFFRUGLQJ�WR�/HQW]�DQG�KLV�FROOHDJXHV��

'HDGO\�EORRPV�RI�EOXH�JUHHQ�DOJDH�DOVR�VWUXFN�WKH�UHVHUYRLUV�DW�WKH�FLW\¶V�HOLWH�FHQWHU�DQG�OHIW�PRUH�
RUGLQDU\�GLVWULFWV�XQWRXFKHG��$QG�WKDW��WRR��LV�D�SUREOHP�7LNDO¶V�UXOHUV�DFFLGHQWDOO\�FUHDWHG�IRU�WKHPVHOYHV��

%DVHG�RQ�WKH�;5)�DQDO\VLV��WKH�WZR�UHVHUYRLUV�KDG�DOVR�FRQWDLQHG�KLJK�OHYHOV�RI�FKHPLFDOV�FDOOHG�
SKRVSKDWHV��WKDW�XVXDOO\�PHDQV�WKH�ZDWHUV�ZHUH�IRXOHG�ZLWK�IRRG�ZDVWH��IHFHV��DQG�RWKHU�RUJDQLF�PDWWHU��
7KDW�ZRXOG�KDYH�PDGH�WKH�UHVHUYRLUV�SUHWW\�JURVV��EXW�LW�DOVR�SURYLGHG�QXWULHQWV�WKDW�IXHOHG�KXJH�EORRPV�
RI�EOXH�JUHHQ�DOJDH��OLNH�3ODQNWRWKUL[�DQG�0LFURF\VWLV��

3KRVSKDWH�OHYHOV�LQ�WKH�3DODFH�5HVHUYRLU�LQFUHDVHG�E\�IRXU�WLPHV�EHWZHHQ�����DQG�����&(��DQG�LW¶V�
QRW�KDUG�WR�VHH�ZK\��$UFKDHRORJLVWV�IRXQG�WKH�UHPDLQV�RI�DQ�DQFLHQW�NLWFKHQ�DW�WKH�QRUWK�HGJH�RI�WKH�3DODFH�
5HVHUYRLU��ZKHUH�PHDOV�ZRXOG�KDYH�EHHQ�SUHSDUHG�IRU�WKH�UR\DO�UHVLGHQWV�RI�WKH�&HQWUDO�$FURSROLV��7LNDO¶V�
PDMRU�SDODFH�FRPSOH[��

�
࠙� �࠼� ��ࠚ�

7KH�GURXJKWV�RI�����WR�����&(�OHIW�WKH�UHVHUYRLU¶V�ZDWHUV�UHFHGLQJ�DQG�VWDJQDQW�²�DQG�WKDQNV�WR�
WKH�SDODFH�NLWFKHQV��DOVR�IXOO�RI�SKRVSKDWHV�DQG�RWKHU�RUJDQLF�PDWWHU��,Q�RWKHU�ZRUGV��WKH�UHVHUYRLUV�EHFDPH�
WKH�SHUIHFW�SODFH�IRU�F\DQREDFWHULD�WR�WKULYH�LQ�ODUJH�TXDQWLWLHV��,Q�WKRVH�OD\HUV�RI�VHGLPHQW��/HQW]�DQG�KLV�
FROOHDJXHV�IRXQG�WUDFHV�RI�DQFLHQW�'1$�IURP�3ODQNWRWKUL[�DQG�0LFURF\VWLV�VSHFLHV��

%RWK�RI�WKRVH�W\SHV�RI�EOXH�JUHHQ�DOJDH�SURGXFH�FRPSRXQGV�FDOOHG�PLFURF\VWLQV��ZKLFK�JHW�UHOHDVHG�
LQWR� WKH� ZDWHU� ZKHQ� WKH� DOJDH� FHOOV� GLH��0RVW�PLFURF\VWLQV� DUH� WR[LF� WR� WKH� OLYHU�� EXW� VRPH� DUH� DOVR�
QHXURWR[LQV��DQG�WKH\�FDQ�DOVR�LUULWDWH�WKH�H\HV��VNLQ��DQG�WKURDW��7KH\¶UH�GHDGO\�DW�YHU\�ORZ�FRQFHQWUDWLRQV�
DQG�LPSHUYLRXV�WR�WKH�XVXDO�ZDWHU�SXULILFDWLRQ�WULFNV��OLNH�ERLOLQJ��

�
࠙� �࠾� ��ࠚ�

³:LWK� WKH� SUHVHQFH� RI�PLFURF\VWLQV� LQ�7LNDO¶V� UHVHUYRLUV�� WKH�ZDWHU� FRXOG� QRW� KDYH� EHHQ� VDIHO\�
FRQVXPHG�´�ZURWH�/HQW]�DQG�KLV�FROOHDJXHV��

7KH�ZDWHU�SROOXWLRQ�PDGH�OLIH�KDUGHU�IRU�7LNDO¶V�UHVLGHQWV��ZKR�ZHUH�DOUHDG\�VWUXJJOLQJ�ZLWK�IRRG�
VKRUWDJHV�DQG�RWKHU�REVWDFOHV�� ,W�SUREDEO\�DOVR�KDG�SROLWLFDO� FRQVHTXHQFHV� IRU� WKH�FLW\¶V� UXOHUV��ZKRVH�
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HODERUDWH�GHFRUDWLRQV�DQG�NLWFKHQ�JDUEDJH�KDG�FDXVHG�WKH�SUREOHP�LQ�WKH�ILUVW�SODFH��
0D\D�UXOHUV�ZHUH�H[SHFWHG�WR�SURYLGH�FOHDQ�ZDWHU�DQG�IHUWLOH�FURSV�E\�NHHSLQJ�WKH�JRGV�KDSS\��,Q�

WKH�ODWH����V��WKH�SHRSOH�PD\�KDYH�WDNHQ�WKH�IRXO��SRLVRQHG�UHVHUYRLUV�DQG�WKH�GHFDGHV�RI�GURXJKW�DV�D�
VLJQ�WKDW�WKHLU�UXOHUV�KDG�IDLOHG�LQ�WKDW�DOO�LPSRUWDQW�GXW\��,W�PD\�KDYH�VHHPHG�WKDW�WKH�FLW\�DQG�LWV�UXOHUV�
KDG�IDOOHQ�RXW�RI�IDYRU�ZLWK�WKH�JRGV��DQG�PDQ\�SHRSOH�PD\�KDYH�GHFLGHG�WKHUH�ZDV�OLWWOH�UHDVRQ�WR�VWLFN�
DURXQG�DQG�SOHQW\�RI�UHDVRQ�WR�OHDYH��%\�DURXQG�����&(��7LNDO�ZDV�RQ�LWV�ZD\�WR�EHFRPLQJ�SLFWXUHVTXH�
UXLQV��

KWWSV���DUVWHFKQLFD�FRP�VFLHQFH���������PHUFXU\�DQG�DOJDO�EORRPV�SRLVRQHG�PD\D�UHVHUYRLUV�DW�WLNDO���ᨵኚࡾ࠶��

ὀ� DOJDO�� ⸴��㢮�ࡢ�� EORRP��␗ᖖⓎ⏕� UHVHUYRLU�� ㈓Ỉụ�

� UXQRII�� ᆅ⾲ࢆὶࡿࢀ㞵Ỉ� IXQQHO�� 㹼ࢆ㞟࡚ࡵὶࡋ㎸ࡴ� VHGLPHQWDU\��ሁ✚≀ࡢ�

� ODFH� 㹼� ZLWK���� �� 㹼ࢆ͐ຍࡿ࠼� F\DQREDFWHULD�� ⸛⸴㢮� WR[LQ�� ẘ⣲�

� SLJPHQW��㢦ᩱ� FLQQDEDU�� ㎮◁� PXUDO�� ቨ⏬�

� SODVWHU�� ⁽႞� LURQ�R[LGH�� 㓟㕲� OHDFK�� ⁱࡳฟࡍ�

� HSLGHPLRORJ\��Ꮫ� OHDG�� 㖄� HQWRXUDJH��ഃ㏆ࡕࡓ�

� FHPHWHU\�� ᆅ� SKRVSKDWH�� ࣜࣥ㓟ሷ� IRXO�� 㹼ࢆởᰁࠊࡿࡍ₩࡞�

� IHFHV�� ⣅౽� VWDJQDQW�� �ࡿ࠸࡛ࢇࡼ FRQFHQWUDWLRQ�� ⃰ᗘ�

� LPSHUYLRXV�WR�� 㹼ࡢᙳ㡪࠸࡞ࡅཷࢆ�� �

� �
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Mercury and algal blooms poisoned Maya reservoirs at Tikal by Kiona N. Smith from Ars Technica, July 1, 2020.© 2020 Condé Nast.
Reproduced by permission of  Condé Nast.



 

ၥ ��� Ỉ㖟ࡀ㈓Ỉụࢆởᰁࡓࡗ⮳ࡿࡍ㐣⛬ࠊࢆᮏᩥࡢෆᐜ༶࡚ࡋ᪥ᮏㄒ࡛ㄝ᫂ࠋ࠸ࡉ࡞ࡋ�

ၥ ���� 7LNDOࡢỈởᰁࡢᙳ㡪ࠊ୍ࡣ ⯡ⓗぢࡿࢀࡽ㒔ᕷࡢỈởᰁ࡞࠺ࡼࡢⅬ࡛␗ࠊࡓ࠸࡚ࡗ࡞

ᮏᩥࡢෆᐜ༶࡚ࡋ᪥ᮏㄒ࡛ㄝ᫂ࠋ࠸ࡉ࡞ࡋ�

ၥ ��� ⸴㢮ࡀ␗ᖖⓎ⏕ࡓࡗ⮳ࡿࡍ㐣⛬ࠊࢆᮏᩥࡢෆᐜ༶࡚ࡋ᪥ᮏㄒ࡛ㄝ᫂ࠋ࠸ࡉ࡞ࡋ�

ၥ ��� ᮏᩥࡢෆᐜ༶7ࠊࡋLNDO �ࠋ࠸ࡉ࡞᪥ᮏㄒ࡛㏙ࢆ⏤⌮ࡓࡗ⮳࠺ኻࢆᶒጾࡀᨭ㓄⪅ᒙࡢ

ၥ ��� ḟࡢẁⴠࡣᮏᩥࡢࡢ⨨ࡶ᭱ࡀࡢࡃ⨨㐺ษࠊ࠙ �ࠋ࠸ࡉ࡞࠼⟆グྕ࡛ࡢࠚ࠾㹼࠙ࠚ࠶

� ,W� KDG� EHHQ� EXLOGLQJ� XS� LQ� WZR� RI�7LNDO¶V� UHVHUYRLUV� IRU� FHQWXULHV� EHIRUH� WKH� FLW\¶V� ILQDO
GHFOLQH��/HQW]�DQG�KLV�FROOHDJXHV�IRXQG�WR[LF�OHYHOV�RI�PHUFXU\�LQ�VHGLPHQW�OD\HUV�GDWLQJ�IURP
����&(�WR�����&(��EDVHG�RQ�UDGLRFDUERQ�GDWLQJ�RI�ELWV�RI�RUJDQLF�PDWWHU�PL[HG�LQWR�WKH�VHGLPHQW�

�
� � VHGLPHQW�� ሁ✚≀� UDGLRFDUERQ�GDWLQJ�� ᨺᑕᛶⅣ⣲ᖺ௦ ᐃἲ�
�
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➨ �ၥ� ḟࡢⱥᩥࢆㄞࠊࡳୗ⥺㒊� ����㹼� �ࠋ࠸ࡉ࡞ࡋⱥㄒࢆෆᐜࡢ᪥ᮏㄒࡢ����

)RU�VRPH�SHRSOH��VXPPHU�LV�WKH�WLPH�WR�KHDG�LQGRRUV�WR�H[HUFLVH��%XW�RWKHUV�ZHOFRPH�WKH�KHDW�DV�D�
ZD\�WR�VZHDW�PRUH�DQG�JHW�D�EHWWHU�ZRUNRXW��

,QGHHG�� ,¶YH� ORQJ� UHJDUGHG� WKH� VZHDWLQHVV�RI�P\�H[HUFLVH� VHVVLRQV�DV�D� VLJQ�RI�KRZ�KDUG� ,�ZDV�
SXVKLQJ�P\VHOI��%XW�LW�WXUQV�RXW�,¶YH�EHHQ�ZURQJ��+RZ�PXFK�\RX�VZHDW�GRHVQ¶W�QHFHVVDULO\�FRUUHODWH�ZLWK�
KRZ�LQWHQVH�\RXU�ZRUNRXW�LV�RU�KRZ�PDQ\�FDORULHV�\RX�EXUQ��

:KHQ� \RXU� ERG\� WHPSHUDWXUH� ULVHV�� \RXU� HFFULQH� JODQGV� VHFUHWH� VZHDW�� DQG� WKH� HYDSRUDWLRQ� RI�
PRLVWXUH�IURP�\RXU�VNLQ�KHOSV�\RX�FRRO�RII��2I�FRXUVH��VZHDWLQJ�FDQ�RFFXU�IRU�RWKHU�UHDVRQV��VXFK�DV�VWUHVV�
RU�IHDU��

7KDW�W\SH�RI�VZHDW�FRPHV�IURP�WKH�DSRFULQH�JODQGV��ZKLFK�DUH�ORFDWHG�PDLQO\�LQ�WKH�XQGHUDUP�DQG�
JURLQ��

����㐠ືࡿ࠸࡚ࡋ㛫ࡢ࠸ࡽࡃࢀ㔞ࡢờࠊࡣࡃࢆ ᗘࠊ‵ᗘࠊࡀࡔࢇࢁࡕࡶࡣᛶูࠊ

ᖺ㱋ࡢࡘࡃ࠸ࡢ࡞せᅉࡶᅉࠋࡿ�
:HLJKW�SOD\V�D�UROH�DV�ZHOO��/DUJHU�SHRSOH�WHQG�WR�VZHDW�PRUH��EHFDXVH�WKHLU�ERGLHV�JHQHUDWH�PRUH�

KHDW��
$QRWKHU�FRQWULEXWRU�LV�ILWQHVV�OHYHO��6XUSULVLQJO\��ILW�SHRSOH�WHQG�WR�VZHDW�VRRQHU�GXULQJ�H[HUFLVH�

DQG�PRUH�FRSLRXVO\�WKDQ�WKRVH�ZKR�DUH�OHVV�ILW��
5HVHDUFK�VXJJHVWV�WKDW�DV�\RXU�ILWQHVV�OHYHO�LPSURYHV��\RXU�ERG\¶V�KHDW�UHJXODWLQJ�V\VWHP�EHFRPHV�

PRUH�HIILFLHQW��FRROLQJ�\RX�GRZQ�IDVWHU�DQG�DOORZLQJ�\RX�WR�ZRUN�KDUGHU��
'RQ¶W�EH�PLVOHG�E\�WKH�ORVV�RI�D�IHZ�SRXQGV�DIWHU�D�KLJK�VZHDW�ZRUNRXW��7KLV�LV�VLPSO\�ZDWHU�ZHLJKW�

WKDW�\RX�JDLQ�EDFN�ZKHQ�\RX�UHK\GUDWH�DQG�GRHVQ¶W�QHFHVVDULO\�PHDQ�\RX¶YH�EXUQHG�ORWV�RI�FDORULHV��
2Q�WKH�IOLS�VLGH��GRQ¶W�DVVXPH�WKDW�D�ORZ�VZHDW�ZRUNRXW�PHDQV�\RX�DUHQ¶W�ZRUNLQJ�KDUG�HQRXJK�RU�

EXUQLQJ�HQRXJK�FDORULHV�����ࡀࣥࢥ࢚ຠࡿ࠸࡚࠸୰ࠊࡸᡪ㢼ᶵࡢ㏆ࡣ࠸ࡿ࠶ࠊࡸࡃ㢼ࡢᙉ࠸᪥

ᒇእ࡛㐠ືࠊ࡛ࡢࡿ࠸࡚ࡋờࡄࡍࡀⓎࠋ࠸࡞ࢀࡋࡶࡢ࠺ࡲࡋ࡚ࡋ� 2U��XQOLNH�PH��\RX�VLPSO\�
PD\�QRW�VZHDW�PXFK��

:KDWHYHU�WKH�FDVH��ZHDULQJ�FORWKLQJ�PDGH�RI�V\QWKHWLF�IDEULFV�VXFK�DV�SRO\HVWHU�RU�/\FUD�FDQ�KHOS�
\RX�IHHO�OHVV�VZHDW\��7KHVH�SXOO��RU�ZLFN��VZHDW�IURP�\RXU�VNLQ�WR�RXWHU�OD\HUV�RI�WKH�FORWKHV��ZKHUH�WKH�
PRLVWXUH�HYDSRUDWHV��

&RWWRQ��RQ�WKH�RWKHU�KDQG��DEVRUEV�PRLVWXUH�EXW�GRHVQ¶W�SURPRWH�HYDSRUDWLRQ��$V�D�UHVXOW��\RXU�VKLUW�
RU�RWKHU�FORWKLQJ�FDQ�IHHO�VRDNHG�DQG�KHDY\�DIWHU�D�ZRUNRXW��

$�GUDZEDFN�RI� SRO\HVWHU� LV� WKDW� LW� WHQGV� WR� VWLQN�PRUH� WKDQ� FRWWRQ� DIWHU� H[HUFLVH�� ,Q� RQH� VWXG\��
UHVHDUFKHUV�FROOHFWHG�WKH�VZHDW\�VKLUWV�RI����VXEMHFWV�DIWHU�DQ�KRXU�RI�LQWHQVLYH�VSLQQLQJ��7KH�QH[W�GD\��
WUDLQHG�VQLIIHUV�GHWHUPLQHG�WKDW�WKH�SRO\HVWHU�VKLUWV�VPHOOHG�ZRUVH�WKDQ�WKH�FRWWRQ�RQHV�� �

0LFURFRFFL��D� W\SH�RI�EDFWHULD� WKDW�EUHDN�GRZQ�VZHDW�DQG�FDXVH�XQSOHDVDQW�RGRU��ZHUH�IRXQG�WR�
JURZ�RQO\�RQ�WKH�SRO\HVWHU�JDUPHQWV������ờ⮬య୍ࡣ⯡ⓗࠊࡾ࠶࡛⮯↓ᛌࢆ࠸⮯࡞Ⓨ⏕࡚ࡏࡉ

�ࠋࡿ࠶࡛ࡢࡶࡓࡋΰධࡀࣜࢸࢡࣂࡢࡽఱࢀࡑࡣࡢࡿ࠸
<RX� FDQ� ILQG� ³RGRU�UHVLVWDQW´� V\QWKHWLF� IDEULFV�� ZKLFK� DUH� WUHDWHG� ZLWK� YDULRXV� DQWLEDFWHULDO�
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FRPSRXQGV��$PRQJ�WKH�PRVW�FRPPRQ�LV�VLOYHU��W\SLFDOO\�DSSOLHG�LQ�WLQ\�DPRXQWV�NQRZQ�DV�QDQRSDUWLFOHV��
%XW�VRPH�UHVHDUFK�VXJJHVWV�WKDW�VLOYHU�WUHDWHG�FORWKLQJ�PD\�QRW�ZRUN�DV�ZHOO�DV�SURPLVHG�WR�UHGXFH�

EDFWHULD�DQG�RGRU��:KDW¶V�PRUH��D�VLJQLILFDQW�DPRXQW�RI�WKH�VLOYHU�PD\�FRPH�RXW�LQ�WKH�ZDVK��UHGXFLQJ�
WKH�HIIHFWLYHQHVV�RI�WKH�JDUPHQWV�DQG�SRWHQWLDOO\�KDUPLQJ�WKH�HQYLURQPHQW��

ࡿ࠶ࡶᠱᛕ࠺࠸࠸࡞ࢀࡋࡶࡿࡌ⏕ࢆࢡࢫᗣࣜࡿࢀࡉࡽࡉ⢏Ꮚࣀࢼࡢ㖟ࡀ⫙����

�ࠋ࠸࡞ࡣドᣐ࡞᥋ⓗ┤ࡿࡍᨭᣢࢆࡇࡢࡑࠊࡀ
KWWSV���HGLWLRQ�FQQ�FRP������������KHDOWK�VZHDWLQJ�ZRUNRXW�ILWQHVV�H[HUFLVH�GDYLV�LQGH[�KWPO��ᨵኚࡾ࠶��

ὀ� HFFULQH�JODQG�� �⭢ࣥࣜࢡ࢚ VHFUHWH��㹼ࢆศἪࡿࡍ� DSRFULQH�JODQG�� �⭢ࣥࣜࢡ࣏

� JURLQ�� 㰡ᚄ㒊� FRSLRXVO\��ከ㔞� UHK\GUDWH�� Ỉศ⿵⤥ࡿࡍ�

� RQ�WKH�IOLS�VLGH�� ᪉࡛ࡣ� ZLFN��㹼ࢆẟ⟶స⏝࡛㐠ࡪ� GUDZEDFN�� ḞⅬ�

� DQWLEDFWHULDO�FRPSRXQG�� ᢠ⳦ྜ≀�� �

�
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