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(Eubalaena australis)
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$%675$&7
6LQFH� ������ VRXWKHUQ� ULJKW�ZKDOHV� KDYH�EHHQ� VWXGLHG� RQ� WKHLU�ZLQWHU�VSULQJ� DJJUHJDWLRQ� DUHDV� LQ� SURWHFWHG�ZDWHUV�QHDU� WKH� FRDVW� RI�
3HQLQVXOD�9DOGHV��$UJHQWLQD�� 7KHVH�DUHDV�KDYH�EHHQ� UHSHDWHGO\� VXUYH\HG� IURP� WKH�DLU�DQG�IURP�VKRUH�DQG�RYHU� ���� LQGLYLGXDOV�KDYH�
EHHQ�LGHQWLILHG�IURP�DHULDO�SKRWRJUDSKV�RI�QDWXUDO�PDUNLQJV�RQ�WKHLU�KHDGV��0DQ\�LQGLYLGXDOV�UHWXUQ�WR�WKH�DUHD�HDFK�\HDU��EXW�PDWXUH�
IHPDOHV� WHQG� WR� EH� VHHQ� RQO\� LQ� \HDUV�ZKHQ� WKH\� JLYH� ELUWK� �XVXDOO\� HYHU\� WKLUG� \HDU��� 6HYHQW\�IRXU�RI�WKH� NQRZQ� IHPDOHV� KDYH�KDG�
WZR�RU�PRUH�FDOYHV��ZLWK�D�PHDQ�FDOYLQJ�LQWHUYDO�RI�����������\HDUV��Q� ����FDOYLQJ�LQWHUYDOV���7KH�DJH�RI�ILUVW�FDOYLQJ�IRU�WZR�IHPDOHV�
ZDV� VHYHQ� \HDUV��0RWKHUV�ZLWK�\RXQJ�FDOYHV�DUH�XVXDOO\�SRVLWLRQHG�DORQJ�WKH�FRDVW� LQ�ZDWHU�DERXW���P�GHHS�� 5LJKW�ZKDOHV�DUH�IRXQG�
DW� 3HQLQVXOD�9DOGHV� LQ� WKUHH� VHSDUDWH� DUHDV�� RQH�SUHGRPLQDQWO\� RFFXSLHG� E\�PRWKHUV� DQG�FDOYHV�� D� VHFRQG� SUHGRPLQDQWO\�RFFXSLHG�
E\�PDOHV�DQG�PDWXUH�IHPDOHV�LQ�QRQ�FDOI�\HDUV��DQG�D�WKLUG�RFFXSLHG�E\�DOO�FDWHJRULHV�RI�ZKDOHV�LQFOXGLQJ�VXEDGXOWV�DQG�PDWLQJ�JURXSV�

,1752'8&7,21
5LJKW�ZKDOHV��JHQXV�(ubalaena��RFFXS\�WZR�EURDG�EDQGV�
RI�RFHDQ�HQFLUFOLQJ�WKH�ZRUOG�EHWZHHQ����DQG�����ODWLWXGH�
LQ�1RUWKHUQ�DQG�6RXWKHUQ�+HPLVSKHUHV��7KH�QXPEHU�RI�
VSHFLHV� LQ� WKH� JHQXV� LV� XQUHVROYHG�� EXW� PRVW� DXWKRUV�
FRQVLGHU� WKHUH� WR� EH� WZR� VSHFLHV�� (ubalaena�glacialis� LQ�
WKH�1RUWKHUQ�+HPLVSKHUH�DQG�(ubalaena�australis�LQ�WKH�
6RXWKHUQ�+HPLVSKHUH��7KLV�SDSHU�FRQFHUQV�WKH�VRXWKHUQ�
ULJKW�ZKDOH�ZKLFK�ZH�KDYH�VWXGLHG�VLQFH� �����GXULQJ�WKH�
6RXWKHUQ� +HPLVSKHUH� ZLQWHU� DQG� VSULQJ� LQ� WKH� ZDWHUV�
VXUURXQGLQJ� 3HQLQVXOD� 9DOGHV�� $UJHQWLQD� �������6��
���:��
0RVW�PDMRU� UHFHQW� DGYDQFHV� LQ� EHKDYLRUDO� VWXGLHV� RI�

IUHH�UDQJLQJ�SRSXODWLRQV�RI�ODUJH�PDPPDOV�VHHP�WR�KDYH�
FRPH� IURP� UHVHDUFK� LQ� ZKLFK� WZR� FRQGLWLRQV� ZHUH�
IXOILOOHG�� ILUVW�� LW� ZDV� SRVVLEOH� WR� UHFRJQL]H� LQGLYLGXDOV��
DQG� VHFRQG�� LW� ZDV� SRVVLEOH� WR� H[WHQG� WKH� VWXG\� RYHU�
VHYHUDO�\HDUV�
:H� ORRNHG� IRU� D� SUDFWLFDO� ZD\� WR� LGHQWLI\� LQGLYLGXDO�

ULJKW� ZKDOHV� DQG� VRRQ� GLVFRYHUHG� WKDW� DQ� H[FHOOHQW�
QDWXUDO� PDUNHU� H[LVWHG� LQ� WKH� SDWWHUQ� RI� FDOORVLWLHV��
SDWFKHV�RI�UDLVHG��WKLFNHQHG�HSLGHUPLV�RQ�WKHLU�KHDGV��VHH�
)LJ�� ���� 6RPH�RI�WKH�FDOORVLWLHV�DUH�H[SRVHG�HYHU\� WLPH� D�
ZKDOH�VXUIDFHV�WR�EORZ��7KH�QXPEHU��SRVLWLRQ�DQG�VKDSH�
LV� XQLTXH� WR� HDFK� ZKDOH�� DQG� DOWKRXJK� PLQRU� FKDQJHV�
RFFXU�ZLWK� WLPH�� WKH�RYHUDOO�SDWWHUQ�UHPDLQV�LGHQWLILDEOH�
IURP�ELUWK�DQG�DOPRVW�FHUWDLQO\�WKURXJKRXW�WKH�OLIH�RI�WKH�
ZKDOH� �3D\QH�� %UD]LHU�� 'RUVH\�� 3HUNLQV�� 5RZQWUHH� DQG�
7LWXV�� ������
7R� PDNH� D� ORQJ�WHUP� VWXG\� DW� 3HQLQVXOD� 9DOGHV�

IHDVLEOH�� ZH� EXLOW� D� SHUPDQHQW� ILHOG� VWDWLRQ� LQ� WKH�
VRXWKHDVW�FRUQHU�RI�*ROIR�6DQ�-RVH�RYHUORRNLQJ�DQ�DUHD�
IUHTXHQWHG�E\�ULJKW�ZKDOHV�LQ�ZLQWHU�DQG�VSULQJ��7KLV�KDV�
EHHQ� RFFXSLHG� VLQFH� ����� DQG� GDWD� KDYH� EHHQ� FROOHFWHG�
IURP� WKLV� DUHD� HYHU\� \HDU� VLQFH� ������ PRVWO\� EHWZHHQ�
$XJXVW�DQG�PLG�1RYHPEHU�

0(7+2'6�$1'�0$7(5,$/6
)UHTXHQW�DLU�IOLJKWV�ZHUH�PDGH�WKURXJKRXW�WKH�VHDVRQ�LQ�
RUGHU� IRU� XV� WR� WDNH� SKRWRJUDSKV� RI�WKH� KHDGV� RI�ULJKW�
ZKDOHV� WR� LGHQWLI\� LQGLYLGXDOV��PRVWO\�XVLQJ�D�&(661$

����� VLQJOH�HQJLQH��KLJK�ZLQJ�DLUFUDIW��2XU�XVXDO�SUDFWLFH�
ZDV�WR�VHDUFK�IRU�ZKDOHV�DORQJ�WKH�FRDVW��IO\LQJ�DW�����P�
RU�OHVV��:KHQ�ZKDOHV�ZHUH� VLJKWHG�ZH�ZRXOG�GURS�GRZQ�
WR�EHWZHHQ� ����P�DQG����P�DQG�FLUFOH�WKHP�XQWLO�ZH�KDG�
WDNHQ�D�VHULHV�RI�SKRWRJUDSKV�ZKLFK�ZH�IHOW�ZDV�VXIILFLHQW�
WR�LGHQWLI\� WKH�ZKDOHV��:H�DOVR�PDGH�REVHUYDWLRQV�IURP�
FOLIIV�� ERDWV� DQG� RFFDVLRQDOO\� IURP� XQGHUZDWHU� �IRU� D�
FRPSOHWH�GHVFULSWLRQ�RI�VXUYH\�WHFKQLTXHV�VHH�3D\QH�et�al��
�������7KH�VWXG\�LV�LQ�LWV�VL[WHHQWK�\HDU��������DQG�ZH�SODQ�
WR�FRQWLQXH�LW�LQGHILQLWHO\��0RVW�GDWD�UHSRUWHG�KHUH�ZHUH�
WDNHQ�GXULQJ�WKH�ILUVW� ���ILHOG�VHDVRQV��2XU�PRVW�FRPSOHWH�
GDWD�ZHUH� FROOHFWHG� LQ� ������ 7KH� GDWD� EDVH� LV� H[WHQVLYH�
DQG�LQFOXGHV��IRU�H[DPSOH��RYHU��������VWLOO�SKRWRJUDSKV�

)LJ�� ��� $HULDO� SKRWRJUDSK�RI�D� VRXWKHUQ� ULJKW�ZKDOH� VKRZLQJ�DW\SLFDO
FDOORVLW\�SDWWHUQ�
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)LJ�� ���0DS�RI�3HQLQVXOD�9DOGHV��7KH�KDWFKHG�DUHDV�LQGLFDWH�UHJLRQV�RI�
FRQFHQWUDWLRQV� RI� ULJKW� ZKDOHV�� �7DNHQ� IURP� $$$6� 6HOHFWHG�
6\PSRVLXP� 6HULHV� 9ROXPH� ���� &ommunication� and� %ehavior� of�
Whales��5��3D\QH��HG���FRS\ULJKW� �����E\�WKH�$PHULFDQ�$VVRFLDWLRQ�
IRU�WKH�$GYDQFHPHQW�RI�6FLHQFH�

2YHU� ���� LQGLYLGXDOV� KDYH� EHHQ� LGHQWLILHG� DQG� ZH� KDYH�
EHHQ� DEOH� WR� GHWHUPLQH� WKH� VH[� RI�PDQ\� RI�WKHP� IURP�
DQDWRPLFDO�DQG�RU�EHKDYLRUDO�HYLGHQFH��IRU�D�GHVFULSWLRQ�
RI�WHFKQLTXHV�XVHG� LQ� VH[LQJ� ULJKW�ZKDOHV� VHH� 3D\QH�DQG�
'RUVH\�� ������
7KH�FRDVWOLQH�RI�3HQLQVXOD�9DOGHV� LV� ����NP�ORQJ��VHH�

)LJ������:H�UHSHDWHGO\�VXUYH\HG�WKH�FRDVW��GLYLGLQJ�LW�LQWR�
ILYH�VHFWLRQV��*ROIR�6DQ�-RVH�� WKH�1RUWKHUQ�2XWHU�&RDVW��
WKH�(DVWHUQ�2XWHU�&RDVW��WKH�6RXWKHUQ�2XWHU�&RDVW��DQG�
*ROIR� 1XHYR�� 2I� WKHVH�� WKUHH� �*ROIR� 6DQ� -RVH�� WKH�
(DVWHUQ�2XWHU�&RDVW�DQG�*ROIR�1XHYR��ZHUH� 
DJJUHJD��
WLRQ�DUHDV
� �DUHDV�ZKHUH�ZKDOHV�ZHUH�IUHTXHQWO\�HQFRXQ��
WHUHG��� :LWKLQ� WKHVH� DJJUHJDWLRQ� DUHDV�ZHUH� 
UHJLRQV� RI�
FRQFHQWUDWLRQ
�� VWUHWFKHV� RI� FRDVW� DORQJ� ZKLFK� ULJKW�
ZKDOHV� UHJXODUO\� FRQJUHJDWHG�� $� IHZ� IOLJKWV� DFURVV� WKH�
WZR�ODUJH�ED\V�DQG�PDQ\�REVHUYDWLRQV�IURP�VKRUH�OHG�XV�
WR� WKH� FRQFOXVLRQ� WKDW� WKH� JUHDW� PDMRULW\� RI� WKH� ULJKW�
ZKDOHV� ZLQWHULQJ� DW� 3HQLQVXOD� 9DOGHV� DUH� FRQFHQWUDWHG�
QHDU� WKH�FRDVW�
:H�KDG�WR�GHYHORS�VHYHUDO�QHZ�WHFKQLTXHV�LQ�RUGHU�WR�

VWXG\�WKHVH�ZKDOHV��:H� VRXJKW� WR�PHDVXUH� OHQJWK�RI�WKH�
ZKDOHV�DW�WKH�VXUIDFH�WR�SURYLGH�D�FOXH�WR�DJH��7R�GR�WKLV�
ZH� GHYHORSHG� VHYHUDO� WHFKQLTXHV� EDVHG� RQ� DHULDO�
SKRWRJUDSKV�� )RU�H[DPSOH�� ZH� WRRN� DHULDO�SKRWRJUDSKV�
RI�ZKDOHV�QH[W�WR�D�ERDW�ZKLFK�ZDV�FDUU\LQJ�D�ZKLWH�GLVF�
RQH�P�� LQ�GLDPHWHU�� ,Q� WKH�UHVXOWLQJ�SKRWRJUDSKV�RI�GLVF�
DQG�ZKDOH�� WKH�ORQJHVW�DSSDUHQW�GLDPHWHU�RI�WKH�GLVF�FDQ�
EH� XVHG� DV� D� UXOHU�ZLWK�ZKLFK� WR�PHDVXUH� WKH�ZKDOH��:H�
DOVR�PHDVXUHG�ZKDOHV�E\�QRWLQJ�WKH�UDWLR�RI�KHDG�OHQJWK�
WR�ERG\�OHQJWK�� ZKLFK�ZH� IRXQG�WR�EH�DQ� DJH�GHSHQGHQW�
YDULDEOH�� DQG�E\�XVLQJ�ZKDOHV�RI�NQRZQ�OHQJWK� DV� UXOHUV�
ZLWK�ZKLFK� WR�PHDVXUH�ZKDOHV�RI�XQNQRZQ� OHQJWK� O\LQJ�
SDUDOOHO� WR� WKHP�� ,Q� WKHVH� ZD\V�� ZH� FRXOG� GLVWLQJXLVK�
VXEDGXOWV�IURP�DGXOWV��DQG�LQ�D�IHZ�FDVHV��HYHQ�FDOFXODWH�
JURZWK� UDWHV� RI�IUHH�VZLPPLQJ� ULJKW�ZKDOHV�� 'HWDLOV� RI�
WKHVH�WHFKQLTXHV�DUH�JLYHQ�LQ�:KLWHKHDG�DQG�3D\QH��������
:KHQ�ZKDOHV�FDQ�EH� VHHQ� IURP�VKRUH�� LW� LV� SRVVLEOH� WR�

WUDFN� WKHLU� PRYHPHQWV� ZLWK� XVHIXO� DFFXUDF\� RXW� WR� D�
GLVWDQFH� RI� ILYH� RU� PRUH� NLORPHWHUV� E\� PHDQV� RI� D�
VXUYH\RU
V� WKHRGROLWH�� 7KH�GLVWDQFH�DW�ZKLFK�ZKDOHV�FDQ�
EH� IROORZHG� GHSHQGV� RQ� WKH� KHLJKW� RI� WKH� REVHUYDWLRQ
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)LJ�� ��� %XLOG�XS� DQG� GHFOLQH� RI� ULJKW� ZKDOHV� DW� 3HQLQVXOD� 9DOGHV�
GXULQJ� ������ 'RWV�LQGLFDWH�WKH�QXPEHU�RI�ZKDOHV� �H[FOXGLQJ�FDOYHV��
LGHQWLILHG��REVHUYHG�DQG�H[WUDSRODWHG�LQ�HDFK�RI�QLQH�IOLJKWV�DORQJ�WKH�
FRDVWOLQH�

SODWIRUP��%HDULQJV�WR� WKH�ZKDOH�DUH�WDNHQ�LQ�WKH�YHUWLFDO�
DQG� KRUL]RQWDO� SODQH�� 7KH� YHUWLFDO� EHDULQJ� LV� XVHG� WR�
FRPSXWH�WKH�GLVWDQFH�WR�WKH�ZKDOH��7KDW�GLVWDQFH�DSSOLHG�
DORQJ� WKH� KRUL]RQWDO� EHDULQJ� JLYHV� WKH� PDS� SRVLWLRQ� RI�
WKH�ZKDOH��7KLV�WHFKQLTXH�KDV�VLQFH�EHHQ�XVHG�VXFFHVVIXOO\�
E\�D�QXPEHU�RI�UHVHDUFKHUV��VHH�:LLUVLJ�DQG�:LLUVLJ�� �����
DQG7\DFN�� ������

5(68/76
7KH�ZKDOHV�DUH�SUHVHQW�DW�3HQLQVXOD�9DOGHV�RQO\�GXULQJ�
WKH�ZLQWHU�DQG�VSULQJ�VHDVRQV��GXULQJ�ZKLFK�WKHLU�QRUPDO�
IRRG�LV� LQ� ORZ�DEXQGDQFH�DQG�WKH\�SUREDEO\�JHW� OLWWOH�RU�
QRWKLQJ� WR� HDW�� 'DWD� IURP� ����� �LQ� ZKLFK� ZH� KDG� WKH�
EURDGHVW� FRYHUDJH�� LOOXVWUDWHV� KRZ� WKH� SRSXODWLRQ� DW�
9DOGHV�EXLOGV�DQG�GHFOLQHV�ZLWKLQ�WKH�\HDU�� )LJ�� �� VKRZV�
WKH�QXPEHU�RI�ZKDOHV�VHHQ�LQ�HDFK�RI�QLQH�IOLJKWV�� �7KHUH�
ZHUH�WHQ�IOLJKWV��EXW�WKRVH�IRU����DQG����1RYHPEHU�KDYH�
EHHQ� FRPELQHG� LQWR� D� VLQJOH� IOLJKW� VLQFH� WKH\� FRYHUHG�
GLIIHUHQW� DUHDV��� 7KUHH� FXUYHV� DUH� VKRZQ� JLYLQJ� WKH�
QXPEHU�RI�ZKDOHV��H[FOXGLQJ�FDOYHV��LGHQWLILHG��REVHUYHG�
DQG�
H[WUDSRODWHG
��7KH�ODVW�FDWHJRU\�PHUHO\�FRUUHFWV�WKH�
WKUHH� IOLJKWV� WKDW� FRYHUHG� RQO\� WZR� RI� WKH� WKUHH�
DJJUHJDWLRQ�DUHDV�E\�DGGLQJ�D�YDOXH�IRU�WKH�PLVVLQJ�DUHD�
ZKLFK� ZDV� PLGZD\� EHWZHHQ� WKH� WRWDOV� REVHUYHG� WKHUH�
GXULQJ� IOLJKWV� LPPHGLDWHO\� EHIRUH� DQG� DIWHU� WKH�PLVVLQJ�
GDWH�� 7KH� H[WUDSRODWHG� FXUYH� LV� SUREDEO\� RXU� EHVW�
HVWLPDWH� RI� WKH� ORZHU� OLPLW� WR� WKH� QXPEHU� RI� ZKDOHV�
DFWXDOO\�SUHVHQW��ORZHU�EHFDXVH�ZH�XQGRXEWHGO\�IDLOHG�WR�
VHH�ZKDOHV�WKDW�ZHUH�SUHVHQW�EXW�RXW�RI�VLJKW�XQGHUZDWHU�
ZKHQ� WKH� SODQH� ZDV� RYHUKHDG��� )LJ�� �� VKRZV� WKDW� WKH�
SRSXODWLRQ� EXLOGV� VORZO\�� UHPDLQV� DW� D� KLJK� YDOXH� IRU�
DERXW�HLJKW�ZHHNV�� DQG� WKHQ�GHFOLQHV�PRUH� UDSLGO\� WKDQ�
LW�EXLOW�XS�� VXJJHVWLQJ�WKDW�DW�WKH�HQG�RI�WKH� ORQJ�ZLQWHU�
RI�VHPL�VWDUYDWLRQ�WKH�ZKDOHV�GHSDUW�UHODWLYHO\�UDSLGO\�IRU�
WKHLU�VXPPHU�IHHGLQJ�JURXQGV�

6WUXFWXUH�RI�WKH� KHUGV� DW�3HQLQVXOD�9DOGHV
7KH� WHUP� 
KHUG
� KDV� PDQ\� XVDJHV�� ,W� LV� XVHG� KHUH� WR�
GHVFULEH�D�YHU\�ORFDO�JURXSLQJ��DOO�ZKDOHV�VHHQ�LQ�DQG�QHDU�
D� VLQJOH� DJJUHJDWLRQ� DUHD� DW� 3HQLQVXOD� 9DOGHV�� H�J��� WKH�
*ROIR� 6DQ� -RVH� KHUG� RU� WKH� (DVWHUQ� 2XWHU�&RDVW� KHUG��
7KH�ZKDOHV� LQ�D�JLYHQ� UHJLRQ�PRYH� WRJHWKHU�DV�D� ORRVHO\�
NQLW�JURXS�ZKLOH�VWD\LQJ�URXJKO\�FOXVWHUHG�DERXW�D� IRFDO�
JURXS�� /RFDO� ODQG� IRUPV�� OLNH� KHDGODQGV� DQG� ED\V��
GHOLQHDWH� WKH� GLIIHUHQW� KHUGV�� ,Q� DOO� WKUHH� DJJUHJDWLRQ�
DUHDV�� WKH� KHUG� ZDV� XVXDOO\� IRXQG� LQ� WKH� VDPH� JHQHUDO
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)LJ�� ��� 7KH�FRUUHODWLRQ� EHWZHHQ� WKH� QXPEHU� RI�ZKDOHV� REVHUYHG� DQG�
WKHLU�GHQVLW\�� LQ�*ROIR�6DQ�-RVH�DQG�DORQJ�WKH�(DVWHUQ�2XWHU�&RDVW��
Q� �WKH� QXPEHU� RI�IOLJKWV� ZLWK� VXIILFLHQW� FRYHUDJH� WR� VHH� WKH� HQWLUH�
KHUG�� ,Q� ERWK�DUHDV� WKHUH�LV�D�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�

DUHD�� 7KH� KHUG� LQ� *ROIR�1XHYR�ZDV�PXFK� VPDOOHU� WKDQ�
WKH� RWKHUV� GXULQJ�PRVW� RI�RXU� VWXG\� DQG� XVXDOO\� PRUH�
VSUHDG� RXW�� 2XU� XVXDO� H[SHULHQFH� ZDV� WR� IO\� IRU� PDQ\�
NLORPHWHUV�RI�FRDVWOLQH�ZLWKRXW�VHHLQJ�ZKDOHV�DQG�WKHQ�WR�
FRPH� XSRQ� D� ORQH� LQGLYLGXDO� RU� SDLU�� 7KLV� VLJQDOOHG� D�
EXLOGXS� LQ� WKH� QH[W� ������NP� WR� D� FHQWUDO� JURXS� RI�
ZKDOHV��XVXDOO\�PRUH�WKDQ� ���� +DYLQJ�SDVVHG�WKH�GHQVHVW�
FRQFHQWUDWLRQ��WKH�QXPEHUV�IHOO�RII�LQ�PXFK�WKH�VDPH�ZD\�
WKDW� WKH\� KDG� LQFUHDVHG�� :H� FRQVLGHUHG� WKDW� ZH� KDG�
UHDFKHG� WKH� HQG� RI� D� KHUG�� RU� DW� OHDVW� VDPSOHG� LW�
DGHTXDWHO\�� RQFH� ZH� KDG� IORZQ� ���NP� RU�PRUH� EH\RQG�
WKH�ODVW�ZKDOH� VLJKWHG�ZLWKRXW�VHHLQJ�DQRWKHU�ZKDOH�
:H� KDYH� PDGH� �� FRPSOHWH� VXUYH\V� DORQJ� WKH� HQWLUH�

FRDVW�RI�*ROIR�6DQ�-RVH�DQG� ��� VXUYH\V�DORQJ�WKH�HQWLUH�
(DVWHUQ�2XWHU�&RDVW�� ,Q����RI�WKHVH����FRPSOHWH�VXUYH\V��
WKH� KHUG� ZDV� FOXVWHUHG� WRJHWKHU� UHJDUGOHVV� RI�ZKHUH� ZH�
IRXQG�LW�
7KH� RYHUDOO� PHDQ� KHUG� ZLGWK� IRU� DOO� RI� 3HQLQVXOD�

9DOGHV� ZDV� DERXW� ���NP�� 7KH� PHDQ� KHUG� ZLGWK� IRU�
IHPDOHV�ZLWK�FDOYHV�ZDV����NP��)HPDOHV�ZLWK�FDOYHV�ZHUH�
RIWHQ� ORFDWHG� QHDU� WKH� FHQWHU� RI� WKH� KHUG�� DOWKRXJK� LW�
DSSHDUV�WR�EH�DOO�IHPDOHV��DQG�QRW�MXVW�WKRVH�ODFWDWLQJ��WKDW�
DUH� WKH� IRFXV�RI�WKH�KHUG�
,Q�ERWK�*ROIR�6DQ�-RVH�DQG� WKH�(DVWHUQ�2XWHU�&RDVW��

WKHUH� LV� D� VLJQLILFDQW� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ�
QXPEHUV�RI�ZKDOHV�DQG�GHQVLW\��)LJ������L�H�� WKH�ZKDOHV�GR�
QRW�VSUHDG�RXW�RYHU�D�ORQJHU�VWUHWFK�RI�FRDVW�WR�PDLQWDLQ�
WKH� VDPH� GHQVLW\� DV� WKHLU� QXPEHUV� LQFUHDVH�� ZKLFK� WKH\�
PLJKW�GR�LI�WKH\�ZHUH�PDLQWDLQLQJ�WHUULWRULHV�DQG�ZKLFK�
WKH\� FRXOG� HDVLO\� GR� EHFDXVH� WKH� DYDLODEOH� FRDVWOLQH� LV�
PXFK� ORQJHU� WKDQ� WKH� ZLGWK� RI�WKH� KHUG�� ,QVWHDG�� WKH\�
DSSDUHQWO\� LQFRUSRUDWH� DGGLWLRQV� WR� WKHLU� JURXS� E\�
FURZGLQJ�PRUH� WLJKWO\� LQWR� D� UHODWLYHO\� VPDOO� DUHD�� �:H�
KDYH� IRXQG�QR�HYLGHQFH� IRU�WHUULWRULDOLW\�LQ� WKLV� VSHFLHV��
,Q�RUGHU�WR�VWXG\�WKH�GLVWULEXWLRQ�RI�WKH�KHUGV�LQ�VSDFH��

ZH� FRXQWHG� WKH� QXPEHU� RI� ZKDOHV� VHHQ� LQ� HYHU\�
FRQVHFXWLYH� �� NP� VHJPHQW� RI�FRDVWOLQH�� :H� SORWWHG� WKH�
PHDQ� KHUG� VKDSH� IRU� *ROIR� 6DQ� -RVH� E\� WDNLQJ� WKH�
GLVWULEXWLRQ�SORWV� IRU�HDFK� IOLJKW� DQG� VOLGLQJ� WKHP� VR� DV�
WR� OLQH� XS� WKH� �� NP� VWULS� ZLWK� WKH� JUHDWHVW� QXPEHU� RI�
ZKDOHV��:H� WKHQ�FDOFXODWHG� WKH�PHDQ� QXPEHU�RI�ZKDOHV
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)LJ�� ��� 6SDWLDO� GLVWULEXWLRQ�RI�WKH�*ROIR� 6DQ� -RVH�KHUG�� $�� 7KH�PHDQ�
GLVWULEXWLRQ�RI�ZKDOHV�REVHUYHG�DURXQG�WKH�GHQVHVW�ILYH� NP�VHJPHQW�
RI�FRDVW� �+'��� %�� 7KH� YDULDWLRQ� LQ� ORFDWLRQ� RI�WKH�GHQVHVW� VHJPHQW�
�+'��RI�WKH�KHUG�
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)LJ�� ��� 7KH� GLVWULEXWLRQ� RI� WKH� KHUG� DURXQG� LWV� PHDQ� SRVLWLRQ� �0���
*ROIR�6DQ�-RVH�YV� WKH�(DVWHUQ�2XWHU�&RDVW�

VHHQ� LQ� HDFK� RI�WKH� �� NP� VHJPHQWV� IODQNLQJ� WKH� GHQVHVW�
VHJPHQW�� 7KH� UHVXOW� �)LJXUH� �$�� LV� D�VKDUS�� V\PPHWULFDO�
FXUYH� UHSUHVHQWLQJ� WKH�PHDQ� VKDSH�RI�WKH�KHUG� LQ�*ROIR�
6DQ�-RVH�
7KH�KHUG�GRHV�QRW�VWD\�IL[HG� LQ� VSDFH�EXW�PRYHV�EDFN�

DQG�IRUWK�DORQJ�VHFWLRQV�RI�WKH�FRDVW�������NP�LQ�OHQJWK��
DSSDUHQWO\�ZLWK� QR� UHODWLRQ� WR� VXFK� QDWXUDO� IHDWXUHV� DV�
ZDWHU� WHPSHUDWXUH� RU� IRRG� DEXQGDQFH�� ,W� WKHUHIRUH�
DSSHDUV� WKDW�DW� WKLV� VHDVRQ�DW�OHDVW��ZKDOHV�DUH� DWWUDFWHG�
WR�HDFK� RWKHU�� )LJ�� �%� VKRZV� WKDW� WKH�KHUG� NHSW�PRVWO\�
WR�RQH�HQG�RI�D����NP�VWUHWFK�RI�FRDVW�DORQJ�WKH�SHULPHWHU�
RI�*ROIR�6DQ�-RVH�
,Q� )LJ�� �� ZH� FRPSDUH� WKH� VKDSH� RI�WKH� KHUG� DW�*ROIR�

6DQ� -RVH� ZLWK� WKH� KHUG� VKDSH� DORQJ� WKH� (DVWHUQ� 2XWHU�
&RDVW�E\� WKH� VDPH�PHDQV�RXWOLQHG�DERYH�IRU�*ROIR�6DQ�
-RVH�� 7KH� *ROIR� 6DQ� -RVH� KHUG� WHQGV� WR� KDYH� D� KLJKHU�
GHQVLW\� RI�ZKDOHV� DW� WKH� FHQWHU� WKDQ� WKH� (DVWHUQ�2XWHU�
&RDVW�KHUG� DQG� DOVR� WHQGV� WR� VSUHDG� RXW� D� OLWWOH� IXUWKHU�
WR� WKH� VRXWK�RI�LWV�PHDQ�SRVLWLRQ�

'HSWK�3UHIHUHQFH
7R� ORRN� DW� GHSWK� SUHIHUHQFHV�� ZH� XVHG� D� VXUYH\RU
V�
WKHRGROLWH�IURP� WKUHH�SURPLQHQW�FOLII�ORRNRXWV� WR� ORFDWH�
WKH�SRVLWLRQV�RI�DOO�ZKDOHV�ZLWKLQ�WKH�VWXG\�DUHD��:H�PDGH�
FHQVXVHV�RQ� ���FDOP�GD\V�LQ������DQG������DQG�FDOFXODWHG�
���� ZKDOH� SRVLWLRQV�� 7KH� SRVLWLRQV� ZHUH� PDSSHG� RQ� D�
GHWDLOHG�FKDUW�RI�WKH�ED\�� DQG� WKH�GHSWKV�ZHUH�FRUUHFWHG�
IRU�WKH�WLGH�KHLJKW�DW�WKH�WLPH�WKH�ZKDOH�ZDV�REVHUYHG��,Q�
)LJ�� ��WKH�QXPEHU�RI�ZKDOHV�LV�SORWWHG�IRU�HDFK�KDOI�PHWHU�
LQWHUYDO� RI� GHSWK�� 7KH� VWULNLQJ� SUHIHUHQFH� IRU� VKDOORZ�
ZDWHU�� DQG�SDUWLFXODUO\� IRU�D�GHSWK�RI���P�� LV� DSSDUHQW�
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)LJ�� ��� 'HSWK�SUHIHUHQFH�RI�DOO� ULJKW�ZKDOHV� YLVLEOH� IURP�VKRUH� LQ� WKH�
VRXWKHDVW�FRUQHU�RI�*ROIR�6DQ�-RVH�

)RU� WKHVH� UHDVRQV� LW� DSSHDUHG� DV� WKRXJK� VWD\LQJ�ZLWKLQ�
RU� IROORZLQJ� WKH� ��P�FRQWRXU�ZDV� D� FRQYHQLHQW�ZD\� IRU�
ULJKW� ZKDOHV� WR� HQFRXQWHU� HDFK� RWKHU�� :H� IHHO� WKDW�
GLIIHUHQW�DJH�VH[�FDWHJRULHV�PD\�JDLQ�GLIIHUHQW�DGYDQWDJHV�
IURP�VKDOORZ�ZDWHU��EXW�WKDW�WKH�PDMRULW\�RI�LQGLYLGXDOV�
FRXOG�EHQHILW�IURP�XVLQJ�WKH� 
ZKDOH�URDG
�DV�D�PHDQV�RI�
PHHWLQJ� HDFK� RWKHU�� 8QOLNH� URUTXDOV�� ZKRVH� ORZ�� ORXG�
YRLFHV�FDQ�WUDYHO�LQ�GHHS�RFHDQ�IRU�KXQGUHGV�RI�NLORPHWHUV�
XQGHU� VRPH� FLUFXPVWDQFHV� EHIRUH� EHLQJ� ORVW� LQ� EDFN��
JURXQG� QRLVH� �3D\QH� DQG�:HEE�� ������� WKH� ULJKW�ZKDOH�
YRFDOL]DWLRQV�DUH� DW� VLJQLILFDQWO\� KLJKHU� IUHTXHQFLHV� DQG�
DUH�PDGH� LQ� VKDOORZ�ZDWHU�� 7KXV� WKH\�GR�QRW�DSSHDU� WR�
EH�ZHOO� VXLWHG�WR�ORQJ�UDQJH�FRPPXQLFDWLRQ��$V�D�UHVXOW��
LW� VHHPV� OLNHO\� WKDW� ULJKW�ZKDOHV� QHHG� WR� KDYH�D�PHHWLQJ�
SODFH�� DQG� WKH� 
ZKDOH� URDG
� ERWK� ZLWKLQ� DQG� EHWZHHQ�
DJJUHJDWLRQ� DUHDV� �SDUWLFXODUO\� DORQJ� VHFWLRQV� RI� UHOD��
WLYHO\� XQIUHTXHQWHG� FRDVW� KXQGUHGV� RI�NLORPHWHUV� ORQJ��
PD\�SURYLGH�D�UHJLRQ�IRU�UHQGH]YRXV�

7KLV� SUHIHUHQFH� ZDV� QRW� DQ� DUWLIDFW� RI� GHFUHDVH� LQ�
VLJKWDELOLW\� ZLWK� LQFUHDVH� LQ� GHSWK�� 7KH� WKUHH� GLIIHUHQW�
ORRNRXWV�IURP�ZKLFK�ZH�ZRUNHG�ZHUH�DW�HDFK�HQG�DQG�LQ�
WKH�PLGGOH�RI�D� ORQJ�VWULS�RI�FRDVW��:KHQ�ZRUNLQJ�IURP�
HLWKHU�RI�WKH�WZR�HQG�FOLII�ORRNRXWV�ZH�ZHUH�QRWLQJ�ZKDOHV�
�����NP� DZD\�ZKLFK�ZHUH� ULJKW� LQ�FORVH� WR� WKH� VKRUH� DW�
RU� QHDU� WKH� RWKHU� HQG� RI�WKH� VWULS� RI�FRDVW�� )URP� WKHVH�
HQG� ORRNRXWV�� DOO� RI�WKH�ZKDOHV� VHHQ� LQ�GHHS�ZDWHU�ZHUH�
FORVHU�WR�XV�WKDQ�WKH�PRVW�GLVWDQW�QHDUVKRUH�ZKDOHV�DORQJ�
WKH� FRDVW�� ,Q� RUGHU� WR� EH� VXUH� WKDW� WKH� UHVXOW� ZDV� QRW�
VLPSO\�D�FRQVHTXHQFH�RI�WKH�GLVWULEXWLRQ�RI�DYHUDJH�ZDWHU�
GHSWKV�LQ�RXU�VWXG\�DUHD��ZH�FDOFXODWHG�WKH�GLVWULEXWLRQ�RI�
PHDQ� GHSWKV� �)LJ�� ���� %\� FRPSDULQJ�)LJV� �� DQG� ��� LW� LV�
DSSDUHQW� WKDW� WKH� ZKDOHV� DUH� VHOHFWLQJ� VSHFLILF� GHSWKV��
7KHVH� UHVXOWV� VXJJHVW� WKDW� WKHUH� PD\� EH� LPSRUWDQW�
VHOHFWLYH�SUHVVXUHV� RQ� ULJKW�ZKDOHV� IRU� UHPDLQLQJ� LQ� ��P�
RI�ZDWHU�DW�3HQLQVXOD�9DOGHV�
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)LJ�� ��� 'LVWULEXWLRQ� RI� ZDWHU� GHSWKV� GXULQJ� DQ� DYHUDJH� WLGDO� F\FOH�
ZLWKLQ�WKH�VRXWK�HDVW�FRUQHU�RI�*ROIR�6DQ�-RVH��7KLV�LV�WKH�VDPH�DUHD�
IRU�ZKLFK� WKH�GHSWK�SUHIHUHQFHV�RI�ZKDOHV�DUH�JLYHQ� LQ� )LJ�� �� DQG���

7KH� VWURQJ�SUHIHUHQFH� RI�ULJKW�ZKDOHV� IRU� D� GHSWK� RI�
��P�FDXVHG�XV�WR�VWDUW�UHIHUULQJ�WR�WKH���P�GHSWK�FRQWRXU�
DV� WKH� 
ZKDOH� URDG
�� :KDOHV� XVXDOO\� VZDP� DORQJ� WKLV�
FRQWRXU� DQG� FDUULHG� RXW� VRFLDO� LQWHUDFWLRQV� �VRPHWLPHV�
ODVWLQJ� IRU� KRXUV�� ZLWK� WKH� RWKHU� LQGLYLGXDOV� WKH\�
HQFRXQWHUHG��7KHLU�WULSV�NHSW� WR� WKLV�FRQWRXU�HYHQ�ZKHQ�
D� VKRUWFXW� WKURXJK� GHHSHU� ZDWHU� ZRXOG� KDYH� EURXJKW�
WKHP�WR�WKHLU�GD\
V�ILQDO�GHVWLQDWLRQ�PXFK�PRUH�TXLFNO\�
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)LJ�����'HSWK�SUHIHUHQFHV�RI�GLIIHUHQW�FDWHJRULHV�RI�ULJKW�ZKDOHV�LQ�*ROIR
6DQ�-RVH�

'XULQJ�PRVW�FOLII�VXUYH\V�WKHUH�ZDV�D�VHFRQG�REVHUYHU�
ZDWFKLQJ�WKURXJK�D�WHOHVFRSH�WR�GHWHUPLQH�IRU�HDFK�ZKDOH�
RU�JURXS� RI�ZKDOHV� WKH� W\SH� RI�EHKDYLRU�� 7KLV�EHKDYLRU�
ZDV� SXW� LQWR� RQH� RI� ILYH� FDWHJRULHV�� DFWLYH� JURXSV�
�REYLRXVO\� PRYLQJ� RU� ZKLWH� ZDWHU� SUHVHQW��� EUHDFKLQJ��
OREWDLOLQJ��IOLSSHULQJ��DQG�LQDFWLYH�DQLPDOV��QRW�PRYLQJ���
2XU�GLYLVLRQ� LQWR� DJH�VH[� FDWHJRULHV�ZDV� OLPLWHG� WR� WZR�
JURXSV�� IHPDOHV� ZLWK� FDOYHV� DQG� DOO� RWKHU� ZKDOHV�� 7KH�
UHVXOWV� DUH� JLYHQ� LQ� )LJ�� ��� ZKLFK� DJDLQ� SUHVHQWV� WKH�
QXPEHU�RI�ZKDOHV�E\�GHSWK��7KH\�VKRZ�WKDW�IHPDOHV�ZLWK�
FDOYHV��)LJ���$��DUH�DOPRVW�QHYHU�VHHQ�LQ�ZDWHU�RYHU� ���P�
GHHS�DQG� WKDW�PRVW�DFWLYLW\�� )LJ�� �%�� WDNHV�SODFH�ZLWKLQ�
ZDWHU�OHVV�WKDQ� ���P�GHHS��0RVW�RI�WKH�DFWLYLW\�REVHUYHG�
ZDV� JURXS� DFWLYLW\� DQG� WKH� JUHDW� PDMRULW\� RI� JURXSV�
ZKRVH� EHKDYLRU� FRXOG� EH� GHWHUPLQHG� ZHUH� REYLRXVO\�
LQYROYHG� LQ� PDWLQJ� EHKDYLRU� �VHH� EHORZ��� )LJ�� �� VKRZV�
WKDW�PRVW�ZKDOHV�ZKLFK�ZHUH�IRXQG�LQ�ZDWHU�GHHSHU�WKDQ�
���P�ZHUH� LQDFWLYH�� %HFDXVH� RI�WKH� ORFDO� UHVWULFWLRQV� RQ�
IO\LQJ� RYHU�ZDWHU� LQ� VLQJOH�HQJLQH� SODQHV�� ZH� NQRZ�YHU\�
OLWWOH�DERXW�WKHVH�GHHS�ZDWHU�LQGLYLGXDOV�
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7DEOH� ��� 5HVLGHQFH� WLPHV� �GD\V�� E\� DJH�VH[� FDWHJRU\� LQ� WKH� WKUHH�
DJJUHJDWLRQ�DUHDV�DW�3HQLQVXOD�9DOGHV�� 7KH�IOLJKW�GDWHV�DQG�HIIRUW� DUH�
WKH� VDPH� LQ� *ROIR� 6DQ� -RVH� DQG� DORQJ� WKH� (DVWHUQ�2XWHU�&RDVW�� EXW�
GLIIHUHQW� LQ� *ROIR� 1XHYR�� 7KHUHIRUH� GLUHFW� FRPSDULVRQV� DUH� SRVVLEOH�
RQO\�EHWZHHQ�*ROIR�6DQ�-RVH�DQG� WKH�(DVWHUQ�2XWHU�&RDVW

)LJ�� ���� 3URSRUWLRQ� RI� NQRZQ� DJH�VH[� FDWHJRULHV� LQ� DOO� LGHQWLILHG�
UHVLGHQWVIRU�HDFK�DUHD�����  �NQRZQ�PDOHV��"��  �NQRZQ�IHPDOHV�ZLWK�
FDOYHV�� "a� �NQRZQ�IHPDOHV�ZLWKRXW�FDOYHV�� 6$� �VXEDGXOWV�

'LIIHUHQW�XVHV�RI�WKH� DJJUHJDWLRQ�DUHDV
2QH� RI� WKH� PRVW� XQH[SHFWHG� UHVXOWV� WKDW� ZH� IRXQG� DW�
3HQLQVXOD� 9DOGHV� ZDV� WKDW� WKH� WKUHH� DJJUHJDWLRQ� DUHDV�
�*ROIR�1XHYR�� *ROIR� 6DQ� -RVH�� DQG� WKH� (DVWHUQ� 2XWHU�
&RDVW��KDYH�GLIIHUHQW� IXQFWLRQV��:H�KDYH�EHHQ� VWXG\LQJ�
WKH�XVDJH�RI�WKH�WKUHH�GLIIHUHQW�DUHDV�HYHU�VLQFH� �����ZKHQ�
ZH� ILUVW� QRWLFHG� WKDW� WKH� WKUHH� DUHDV�KDG�GLIIHUHQW� UDWLRV�
RI� IHPDOHV� ZLWK� FDOYHV� WR� PDWLQJ� JURXSV�� $� SRVVLEOH�
VHSDUDWLRQ� RI�PDWLQJ� DQG� FDOYLQJ� DUHDV� KDV� DOVR� EHHQ�
REVHUYHG�E\�%HVW���������7KH�WKUHH�DJJUHJDWLRQ�DUHDV�DUH�
RFFXSLHG� IRU� GLIIHUHQW� OHQJWKV� RI� WLPH� E\� GLIIHUHQW�
SURSRUWLRQV�RI�WKH�YDULRXV�DJH�VH[�FDWHJRULHV�
7R� H[SORUH� WKHVH� GLIIHUHQFHV�� ZH� FDOFXODWHG� WKH�

SURSRUWLRQ� RI� WKH� NQRZQ� DJH�VH[� FDWHJRULHV� LQ� DOO�
LGHQWLILHG
�UHVLGHQWV
�LQ�HDFK�DUHD��WKDW�LV��ZKDOHV�VHHQ�WZR�
RU�PRUH� WLPHV� LQ� WKDW�DUHD� LQ� RQH�\HDU�� )LJ�� ��� SUHVHQWV�
WKH� UHVXOWV�� 7KH� DJH�VH[� FDWHJRULHV� WKDW�ZHUH� XVHG�ZHUH��
NQRZQ�PDOHV��IHPDOHV�ZLWK�FDOYHV��IHPDOHV�ZLWKRXW�FDOYHV�
DQG�VXEDGXOWV��%HFDXVH�PDOHV�DUH�FRQVLGHUDEO\�KDUGHU�WR�
VH[�WKDQ�IHPDOHV��ZH�GR�QRW�NQRZ�WKH�DEVROXWH�VH[�UDWLRV�
DW�3HQLQVXOD�9DOGHV�DQG�WKHVH�ILJXUHV�FDQ�RQO\�EH�XVHG�IRU�
FRPSDULVRQV�EHWZHHQ�DUHDV�
7KH�DUHD�LQ�ZKLFK�WKH�SURSRUWLRQ�RI�IHPDOHV�ZLWK�FDOYHV�

LV� WKH�JUHDWHVW� DPRQJ�LGHQWLILHG� UHVLGHQWV� LV� WKH� (DVWHUQ�
2XWHU� &RDVW�� VXJJHVWLQJ� WKDW� WKLV� LV� SULQFLSDOO\� D� FDOI�
UHDULQJ�DUHD��:H�KDYH�VHHQ�HLJKW�XQDFFRPSDQLHG�IHPDOHV�
DORQJ�WKDW�FRDVW�ZKLFK�ZHUH�DFFRPSDQLHG�E\�FDOYHV�ODWHU�
LQ�WKH�VDPH�\HDU��VR�ZH�VXVSHFW�LW�LV�DOVR�D�FDOYLQJ�UHJLRQ�
7KH� DUHD� LQ� ZKLFK� WKH� SURSRUWLRQ� RI�PDOHV� WR� RWKHU�

NQRZQ�FDWHJRULHV�LV�ODUJHVW�LV�*ROIR�1XHYR��*ROIR�1XHYR�
DOVR� KDV� D� KLJK� SHUFHQWDJH� RI� IHPDOHV� ZLWKRXW� FDOYHV��
VXJJHVWLQJ�WKDW�LW�LV�SULQFLSDOO\�D�PDWLQJ�DUHD�� ,Q�WKH�ODVW�
IRXU�\HDUV�� KRZHYHU�� IHPDOHV�ZLWK�FDOYHV�KDYH�EHHQ�VHHQ�
LQ� LQFUHDVLQJ� QXPEHUV� LQ� WKLV� DUHD�� :H� VHHP� WR� EH�
ZLWQHVVLQJ�WKH�IRXQGLQJ�RI�D�FDOYLQJ�QXUVHU\�DUHD�ZLWKLQ�
D�PDWLQJ�DUHD�
*ROIR�6DQ�-RVH�DSSHDUV�WR�FRQWDLQ�JRRG�VDPSOHV�RI�DOO�

FDWHJRULHV�� LQFOXGLQJ� WKH� ODUJHVW� UDWLR�� DV� ZHOO� DV� WKH�
ODUJHVW�QXPEHU��RI�VXEDGXOWV��*ROIR�6DQ�-RVH�DQG�*ROIR�
1XHYR�DSSHDU�WR�EH�LPSRUWDQW�DUHDV�LQ�ZKLFK�VXEDGXOWV�
FDQ� XQGHUJR� WKHLU� GHYHORSPHQW�� 7KH� IRUPHU� LV� DOVR� D�
PDMRU� PDWLQJ� DUHD�� DV� LQGLFDWHG� E\� WKH� KLJK� UDWLRV� RI

0DOHV

)HPDOHV�
LQ�QRQ�FDOI�

\HDUV

)HPDOHV�
LQ�FDOI�
\HDUV 6XEDGXOWV
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PDOHV� DQG� IHPDOHV� ZLWKRXW� FDOYHV� DQG� E\� WKH� KLJK�
LQFLGHQFH�RI�PDWLQJ�DFWLYLW\�REVHUYHG�WKHUH�GXULQJ�FHQVXV�
IOLJKWV��:H�KDYH�WKHUHIRUH�FODVVLILHG�LW�DV�D�
JHQHUDO
�DUHD�
$Q�H[DPLQDWLRQ�RI�WKH�PHDQ�SHULRGV�RI�UHVLGHQF\�IRU�

GLIIHULQJ� DJH�VH[� FDWHJRULHV� LQ� WKH� GLIIHUHQW� DJJUHJDWLRQ�
DUHDV��7DEOH� ��� VKRZV� WKDW�IHPDOHV�ZLWK�FDOYHV�KDYH� WKH�
ORQJHVW�UHVLGHQF\�WLPHV��ERWK�LQ�*ROIR�6DQ�-RVH�DQG�DORQJ�
WKH�(DVWHUQ�2XWHU�&RDVW�
$OVR� ZLWK� UHVSHFW� WR� DUHD� XVH�� ZH� LQYHVWLJDWHG� WKH�

TXHVWLRQ�RI�ZKLFK�DUHD�LQGLYLGXDO�DGXOW�IHPDOHV�SUHIHU�LQ�
WKHLU�FDOYLQJ� DQG�QRQ�FDOYLQJ�\HDUV�� 7KH� (DVWHUQ�2XWHU�
&RDVW�ZDV� IRXQG� WR�EH� WKH�SUHIHUUHG� ORFDWLRQ�LQ�FDOYLQJ�
\HDUV� DQG� *ROIR� 6DQ� -RVH� LQ� QRQ�FDOI� \HDUV�� ,W� WKXV�
DSSHDUV� WKDW� LQGLYLGXDO� IHPDOHV� DUH� VZLWFKLQJ� IURP� RQH�
DUHD� WR� DQRWKHU�GHSHQGLQJ� RQ�ZKHWKHU� WKH\� KDYH� D� FDOI�
WKDW�\HDU�� ZKLFK� DJDLQ� VXSSRUWV� WKH� YLHZ� WKDW�GLIIHUHQW�
DUHDV�DW�3HQLQVXOD�9DOGHV�KDYH�GLIIHUHQW�IXQFWLRQV�

$JH�DW�VH[XDO�PDWXULW\
0DWWKHZV���������ZRUNLQJ�IURP�GLVVHFWHG�DQLPDOV��QRWHG�
WKDW� D� PDOH� VRXWKHUQ� ULJKW�ZKDOH� RI� �����P� OHQJWK� DQG�
WZR� IHPDOHV� RI� ����� DQG� ����P� ZHUH� VH[XDOO\� PDWXUH��
&ROOHWW� ������� VKRZHG� WKDW�1RUWK�$WODQWLF� ULJKW� ZKDOH�
IHPDOHV�ZHUH� VH[XDOO\�PDWXUH�DW� ��P��$FFRUGLQJ�WR�WKH�
JURZWK�FXUYH�IRU�VRXWKHUQ�ULJKW�ZKDOHV�RI�:KLWHKHDG�DQG�
3D\QH��������� WKHVH� OHQJWKV�FRUUHVSRQG� WR�DJHV�EHWZHHQ�
��DQG�����\HDUV��7KLV�VXJJHVWV�WKDW�VH[XDO�PDWXULW\�RFFXUV�
TXLWH�HDUO\�LQ�OLIH��:H�KDYH�QRW�\HW�FRPSOHWHG�WKH�DQDO\VLV�
RI�DOO� RXU� GDWD� WDNHQ� IURP� ����� RQZDUGV�� +RZHYHU�� D�
SUHOLPLQDU\�ORRN�DW�VRPH�RI�WKH�IHPDOHV�ZLWK�FDOYHV�IURP�
WKRVH�\HDUV�UHYHDOV�WZR�IHPDOHV�ILUVW�LGHQWLILHG�LQ�WKHLU�FDOI�
\HDU�ZKLFK� ZHUH� VHHQ� ZLWK� FDOYHV� RI�WKHLU� RZQ� �� \HDUV�
ODWHU��,I��DV�VRPH�EHOLHYH��JHVWDWLRQ�LV�DERXW�������PRQWKV�
�VHH� UHYLHZ� LQ� /RFN\HU�� ������� WKHVH� LQGLYLGXDOV� ZHUH�
VH[XDOO\�PDWXUH� DW� WKH� ODWHVW�E\� WKH� DJH� RI��� \HDUV�� )RU�
1RUWK�3DFLILF� ULJKW�ZKDOHV�.OXPRY� ������� JLYHV� OHQJWKV�
DW�VH[XDO�PDWXULW\�RI���������P�IRU�IHPDOHV�DQG�������P�
IRU� PDOHV�� ZKLOH� 2PXUD�� 2KVXPL�� 1HPRWR�� 1DVX� DQG�
.DVX\D��������FRQFOXGH�WKDW�PDOHV�UHDFK�VH[XDO�PDWXULW\�
DW� ����������P� DQG� IHPDOHV�DW� ������P�� $OWKRXJK� WKHVH�
GDWD�VHHP� WR�VXSSRUW�RXU�EHOLHI�WKDW� WKH�RQVHW�RI�VH[XDO�
PDWXULW\�LV� DW�D�JUHDWHU�OHQJWK� WKDQ�LQGLFDWHG�E\�&ROOHWW�
�������DQG�0DWWKHZV��������� WKLV�PD\�QRW�QHFHVVDULO\�EH�
WUXH�VLQFH�1RUWK�3DFLILF� ULJKW�ZKDOHV�DSSDUHQWO\�DWWDLQ�D�
JUHDWHU� VL]H� �������P� .OXPRY� 
����
�� WKDQ� 6RXWKHUQ�
+HPLVSKHUH�ULJKW�ZKDOHV�
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&DOYLQJ� LQWHUYDO� DQG� TXHVWLRQV�RI�FRQFHSWLRQ
%\� NHHSLQJ� WUDFN� RI� WKH� \HDUV� LQ� ZKLFK� ZH� VDZ�
UHFRJQL]DEOH� IHPDOHV� ZLWK� DQG� ZLWKRXW� FDOYHV�� ZH� ZHUH�
DEOH�WR�GHWHUPLQH�WKH�FDOYLQJ�LQWHUYDO��7KH�GDWD�IRU�HDFK�
IHPDOH�ZKR�KDG�PRUH�WKDQ�RQH�FDOI�DUH�VKRZQ�LQ�)LJ�� ���
E\� \HDU�� (DFK� \HDU�KDV� EHHQ� JUDGHG� IURP�$� WR�'�� 7KLV�
JUDGH�LV�D�PHDVXUH�RI�WKH�H[WHQW�RI�DQDO\]HG�DHULDO�VXUYH\V�
IRU� WKDW� \HDU�� $� IDLOXUH� WR� VHH� D� JLYHQ� LQGLYLGXDO� LQ� WKH�
\HDUV�ZLWK� ORZ�JUDGHV� ������� ����� DQG� ������PHDQV� OHVV�
WKDQ�D� IDLOXUH� WR� VHH� KHU�LQ�\HDUV�ZLWK�DQ�$�JUDGH�
:H�IRXQG�FDOYLQJ�LQWHUYDOV�IURP��� WR� �� \HDUV�� 7KH� VL[�

\HDU� LQWHUYDOV� KDYH� EHHQ� SRROHG� ZLWK� WKH� WKUHH� \HDU�
LQWHUYDOV�LQ�)LJ�� ��� DQG�LW�LV�FOHDU�WKDW�WKH�PRVW�FRPPRQ�
LQWHUYDO�LV�WKUHH�\HDUV��7KH�REVHUYHG�PHDQ�FDOYLQJ�LQWHUYDO�
ZDV� ����6'� ����� \HDUV� �Q� ���� REVHUYHG� FDOYLQJ�
LQWHUYDOV��� 7KLV�PHDQ�PD\� KRZHYHU�EH� VXEMHFW� WR� ELDVHV�
LQ� ERWK� GLUHFWLRQV�� &DVHV� RI�HDUO\� FDOI�PRUWDOLW\� DV� ZHOO�
DV� RXU� IDLOXUH� WR� REVHUYH� D� FDOI�WKDW�ZDV� ERUQ� LQ� D�\HDU�
ZLWK� SRRU� FRYHUDJH� �H�J�� ������ ZRXOG� SURGXFH� XSZDUG�
ELDVHV� RQ� WKH� PHDQ� �IRU� H[DPSOH� ZH� KDYH� SUREDEO\�
LQFOXGHG� VHYHUDO� ��\HDU� LQWHUYDOV� ZKHUH� WKHUH� DFWXDOO\�
ZHUH�WZLFH�WKDW�QXPEHU�RI���\HDU�LQWHUYDOV���2Q�WKH�RWKHU�
KDQG�� VLQFH� RXU� GDWD� FRYHU� RQO\� QLQH� \HDUV�� WKHUH� LV� D�
GRZQZDUG� ELDV� DJDLQVW� PXOWLSOH� REVHUYDWLRQV� RI� ORQJ�
FDOYLQJ�LQWHUYDOV�
7KHUH� DSSHDU� WR� EH� WKUHH� GLIIHUHQW� JURXSV� RI� DGXOW�

IHPDOHV�XVLQJ�WKH�FDOYLQJ�DUHDV��VXFK�WKDW�LW�WDNHV�DW�OHDVW�
WKUHH�\HDUV�IRU�D�FRPSOHWH�F\FOH�RI�RFFXSDQF\��VWLOO�ORQJHU�
ZKHQ� IHPDOHV�RQ� ORQJHU�FDOYLQJ� LQWHUYDOV� DUH� WDNHQ� LQWR�
DFFRXQW���:H�FDOO�WKH�WKUHH�IHPDOH�JURXSV�
\HDU�FODVVHV
��
7KH�VL]HV�RI�WKH�WKUHH�\HDU�FODVVHV�DSSHDU�WR�EH�GLIIHUHQW��
)LJ�� ��� VKRZV� WKDW� WKHUH� ZHUH� ��� IHPDOHV� FDOYLQJ� LQ� D�
��\HDU�F\FOH�LQ�WKH�\HDU�FODVV�ILUVW�VHHQ�LQ� ����� �WKH� 
FODVV�
RI�����
��ZKLOH� ��� VXFK�IHPDOHV�ZHUH�VHHQ�LQ�WKH�FODVV�RI�
������ DQG� ��� LQ� WKH� FODVV� RI� ����� �SOXV� �� QHZ� UHFUXLWV�
ZKLFK� ILUVW�MRLQHG� WKLV� FODVV� LQ� ������� ,Q� WKH� QLQH� \HDUV�
SUHVHQWHG�LQ�)LJ�� ���� WKH�FODVV�RI������ZDV�DOZD\V�ODUJHU�
WKDQ�WKH�RWKHU�WZR�\HDU�FODVVHV�RI�IHPDOHV�
7KHUH� UHDOO\� LV� QRW� DGHTXDWH� HYLGHQFH� IURP� ZKLFK� WR�

GHGXFH�WKH�OHQJWK�RI�WKH�JHVWDWLRQ�SHULRG�RI�ULJKW�ZKDOHV��
,Q� VSLWH�RI�WKLV�� DV� QRWHG�HDUOLHU�� LW� LV� XVXDOO\�FRQVLGHUHG�
WR� ODVW� DERXW� RQH� \HDU�DQ� DVVXPSWLRQ� ZKRVH� EHVW�
VXSSRUW�PD\� VLPSO\�EH� WKDW�PRVW�RWKHU�P\VWLFHWHV� VHHP�
WR� KDYH� RQH�\HDU� JHVWDWLRQ� SHULRGV�� ,I�WKHUH� LV� QR� GHOD\�
LQ� IHUWLOL]DWLRQ� RU� IHWDO� JURZWK�� DQG� LI�JHVWDWLRQ� LQGHHG�
ODVWV� DERXW� RQH� \HDU�� ZH� ZRXOG� H[SHFW�PRVW� IHPDOHV� WR�
DSSHDU�DW�9DOGHV� WKH�\HDU�SULRU�WR�JLYLQJ�ELUWK�LI�WKDW�LV�
ZKHUH� WKH\� DUH� LPSUHJQDWHG�� 7KHUH� FDQ� EH� QR� TXHVWLRQ�
WKDW� PDWLQJ� LV� WDNLQJ� SODFH� DW� 9DOGHV�� RQH� RI� WKH�
FRPPRQHVW� JURXS� EHKDYLRUV� ZH� VHH� GXULQJ� WKH� ZLQWHU��
VSULQJ�LV�PDWLQJ��LQFOXGLQJ�QXPHURXV�GLUHFW�REVHUYDWLRQV�
RI�LQWURPLVVLRQ���+RZHYHU�WKHUH�LV�VRPH�TXHVWLRQ�ZKHWKHU�
WKH�REVHUYHG�PDWLQJ�UHVXOWV�LQ� WKH�REVHUYHG�FDOYHV�� 2QO\�
���RXW�RI���� IHPDOHV���������ZHUH�VHHQ�DW�9DOGHV�RQH�\HDU�
EHIRUH� WKHLU�ILUVW�FDOI��E\� ILUVW�FDOI�ZH�PHDQ� WKH� ILUVW�FDOI�
VHHQ�E\�XV���7KLV�VWDWHPHQW�LQFOXGHV�IHPDOHV�IRU�ZKLFK�WKH�
\HDU�SULRU� WR� WKH� ILUVW� FDOI�ZDV� DQ�$�JUDGH� VXUYH\� \HDU��
,W�DOVR� LQFOXGHV� IHPDOHV� VHHQ�ZLWK�RQO\�RQH�FDOI�DQG�QRW�
LQFOXGHG� LQ� )LJ�� ���� $IWHU� WKH� ILUVW� FDOI�� KRZHYHU�� WKH�
WHQGHQF\�RI�IHPDOHV�WR�UHWXUQ�WR�9DOGHV�RQH�\HDU�SULRU�WR�
JLYLQJ� ELUWK� GHFUHDVHV� GUDPDWLFDOO\�� :LWK� IHPDOHV� WKDW�
KDYH�KDG�PRUH�WKDQ�RQH�FDOI��WKRVH�LQ�)LJ�� �����ZH�FRXOG�
KDYH�VHHQ����UHWXUQV�LQ�$�JUDGH�VXUYH\�\HDUV�SULRU�WR�WKH�
VHFRQG� RU� WKLUG� FDOI�EXW� ZH� VDZ� RQO\� �� �������� ,I�ZH�
FRPELQH� WKH� UHWXUQ� UDWHV� IRU� ILUVW� FDOYHV� DQG� IRU
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)LJ�� ���� 6LJKWLQJV� RI�IHPDOH� ULJKW� ZKDOHV� WKDW� KDYH� KDG� WZR� RU�PRUH�
FDOYHV� DW� 3HQLQVXOD� 9DOGHV�� ����� WKURXJK� ������ 7KH� ZKDOHV� DUH�
RUGHUHG� DFFRUGLQJ� WR� OHQJWK� RI�LQWHUFDOI�LQWHUYDO� DQG� WR� WKH�\HDU� LQ�
ZKLFK�ZH� ILUVW� REVHUYHG� WKHP�ZLWK�D�FDOI�� (DFK� OLQH� LV� DQ� LQGLYLGXDO�
IHPDOH�� HDFK� FROXPQ� D� \HDU�� <HDUV�PDUNHG�ZLWK� DQ�;� DUH� \HDUV� LQ�
ZKLFK� WKH�IHPDOH�ZDV� VHHQ�ZLWK�D�FDOI�� \HDUV�ZLWK�D�GRW�DUH�\HDUV�LQ�
ZKLFK� WKH�IHPDOH�ZDV� VHHQ�ZLWKRXW� D�FDOI�� DQG�\HDUV�ZLWK�QHLWKHU�D�
GRW�QRU�DQ�;���WKH�EODQN�VSDFHV���DUH�\HDUV�ZKHQ�WKDW�ZKDOH�ZDV�QRW�
VHHQ�� 7KH� \HDUV� DUH� JUDGHG� $�'� DFFRUGLQJ� WR� WKH� QXPEHU� RI�
UHSUHVHQWDWLYH�IOLJKWV�PDGH��7ZR�IHPDOHV�LQ� WKLV�ILJXUH��1R������DQG�
1R�������ZHUH�DOVR�SKRWRJUDSKHG�ZLWK�FDOYHV�LQ� ������D�\HDU�ZKLFK�LV�
QRW�LQFOXGHG�KHUH�

VXEVHTXHQW�FDOYHV�� RXW� RI����� SRVVLEOH� UHWXUQV� RQH� \HDU�
EHIRUH�FDOYLQJ�� IHPDOHV�ZHUH� REVHUYHG� DW�9DOGHV� LQ� RQO\�
��� FDVHV� ��������� 'RHV� WKLV�PHDQ� WKDW� DOPRVW� ���� RI�
FRQFHSWLRQV�DUH� WDNLQJ�SODFH�RXWVLGH�RI�9DOGHV"
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,� VHH� VHYHUDO� SRVVLEOH� DOWHUQDWLYH� H[SODQDWLRQV� WR� WKH�
DERYH�� ���� WKH� JHVWDWLRQ�SHULRG�PD\� EH� XS� WR� WZR�\HDUV�
�VLQFH� ZH� KDYH� RQH� IHPDOH� ZKR� FDOYHG� RQ� D� WZR�\HDU�
LQWHUYDO�� WZR�\HDUV�PXVW�EH� WKH�XSSHU�OLPLW��� ����GHOD\HG�
IHUWLOL]DWLRQ� RU� LPSODQWDWLRQ� PD\� RFFXU� DV� LW� GRHV� LQ�
VHYHUDO� RWKHU� PDPPDOV�� RU� ���� GXULQJ� WKH� \HDU� EHIRUH�
FDOYLQJ��IHPDOHV�PD\�UHWXUQ�RQO\�EULHIO\�WR�PDWH�DQG�WKXV�
FRXOG� EH� PLVVHG� LQ� RXU� DHULDO� VXUYH\V�� ,� IDYRU� WKH� ODVW�
DOWHUQDWLYH�EXW�KDYH� QR� ILUP� HYLGHQFH� IRU� LW�� 7KH� WLPLQJ�
DQG� ORFDWLRQ� RI�FRQFHSWLRQ� LQ� WKHVH� ULJKW� ZKDOHV� LV� DQ�
HQLJPD� WKDW�DZDLWV�H[SODQDWLRQ�

6800$5<
���� 6RXWKHUQ�ULJKW�ZKDOHV�PLJUDWH�DQQXDOO\� WR� WKH�FRDVW�
RI�3HQLQVXOD�9DOGHV��$UJHQWLQD��7KH\�EHJLQ�WR�DSSHDU�LQ�
WKH�DUHD�LQ�0D\�DQG�-XQH��7KHLU�QXPEHUV�EXLOG�WR�D�SHDN�
LQ� ODWH� 6HSWHPEHU�� WKHQ� GHFOLQH�PRUH� UDSLGO\� WKDQ� WKH\�
EXLOW�XS�VR�WKDW�RQO\�D�IHZ�ULJKW�ZKDOHV�UHPDLQ�LQ�WKH�DUHD�
E\�HDUO\�'HFHPEHU�
���� $W�3HQLQVXOD� 9DOGHV�� ULJKW�ZKDOHV� FRQFHQWUDWH� LQ�

WKUHH� VHSDUDWH� DUHDV�� 7KH�FRPSRVLWLRQ� RI�JURXSV�ZLWKLQ�
WKHVH� DUHDV� YDULHV���RQH� DUHD� EHLQJ� SUHGRPLQDQWO\�
PRWKHUV�ZLWK�FDOYHV��D� VHFRQG�SUHGRPLQDQWO\�PDOHV�DQG�
IHPDOHV� ZLWKRXW� FDOYHV� DQG� D� WKLUG� FRPSRVHG� RI� DOO�
FDWHJRULHV� RI� ZKDOHV�� LQFOXGLQJ� VXEDGXOWV� DQG� PDWLQJ�
JURXSV�
���� 5LJKW�ZKDOHV� DW� 3HQLQVXOD�9DOGHV� VKRZ� D� SUHIHU��

HQFH� IRU�ZDWHU� ��P� GHHS�� D� SUHIHUHQFH� H[KLELWHG� SDUWLF��
XODUO\�VWURQJO\�E\�PRWKHUV�ZLWK�FDOYHV�
���� 7ZR�IHPDOHV�LGHQWLILHG�LQ�WKHLU�FDOI�\HDU�KDYH�EHHQ�

VHHQ� ZLWK� FDOYHV� RI�WKHLU� RZQ� DW� VHYHQ� \HDUV� RI�DJH�� ,I�
JHVWDWLRQ� LV� DERXW� RQH� \HDU� WKHQ� WKH� DJH� RI� VH[XDO�
PDWXULW\� IRU� WKHVH� WZR� DQLPDOV� ZDV� QR� PRUH� WKDQ� VL[�
\HDUV�
���� ,Q� IHPDOHV� ZKLFK� FDOYHG� PRUH� WKDQ� RQFH� DW�

3HQLQVXOD� 9DOGHV�� FDOYLQJ� LQWHUYDOV� UDQJHG� IURP� �� WR� ��
\HDUV� ZLWK� D� ��\HDU� LQWHUYDO� EHLQJ� E\� IDU� WKH� PRVW�
FRPPRQ�

$&.12:/('*(0(176
:H� JUDWHIXOO\� DFNQRZOHGJH� WKH� KHOS� RI� PDQ\� IULHQGV�
GXULQJ� DOO� SKDVHV� RI� UHVHDUFK� GHVFULEHG� KHUHLQ�� 7KH�
IROORZLQJ� PDGH� HVSHFLDOO\� ODUJH� FRQWULEXWLRQV�� '�� DQG�
-��%DUWOHWW�� -�� %LUG�� $�� DQG� 3��%UD\WRQ�� 2�� %UD]LHU��
5�� %URZQHOO��+��&DOOHMDV��5��&KDULII��.��&KX��1��&LVVRQ��
&�� DQG� -��&ODUN�� :��&RQZD\�� /��&RZSHUWKZDLWH�� 5��
&KULVWHQVHQ��:��&XUWVLQJHU��3��'H1RUPDQGLH��(��'RUVH\��
%�� )UHQFK�� &�� DQG� -��*RXOG�� 1��*ULIILV�� ,�� *XLQHH�� *��
DQG� 3��+DUULV�� -��+H\PDQ�� ,��.DUQRYVN\�� /�� /HODQG��
6WUXWVDNHU�� &��1LFNOLQ�� .��3D\QH�� 0��3D\QH�� -��3HUNLQV��
9�� 5RZQWUHH��0��6PLWK�� 6�� 7DEHU��$��7LWXV�� 3��7KRPDV��
&��:DOFRWW��+��:KLWHKHDG��%��DQG�0��:LLUVLJ�DQG�VHYHUDO�
DQRQ\PRXV� UHYLHZHUV�� 9�� 5RZQWUHH� KHOSHG� ZLWK� PDQ\�
DVSHFWV� RI�WKLV� SDSHU�� LQFOXGLQJ� WKH�ZULWLQJ� DQG� HGLWLQJ�
DQG�WKH�SUHSDUDWLRQ�RI�ILJXUHV�

,Q� $UJHQWLQD� ZH� UHFHLYHG� LQYDOXDEOH� DVVLVWDQFH� ERWK�
IURP� LQVWLWXWLRQV� DQG� IURP� LQGLYLGXDOV�� 2XU� GHHSHVW�
WKDQNV� JR� WR� WKH� %HUQDGLQR� 5LYDGDYLD� 0XVHXP� RI�
1DWXUDO� 6FLHQFHV�� HVSHFLDOO\� -��0��*DOODUGR�� WR� WKH�
&KXEXW� 'HSDUWPHQW� RI�7RXULVP�� HVSHFLDOO\� WR� $��7RU��
UHMRQ� DQG� -��3HSLWRQH�� WR� WKH� 'HSDUWPHQW� RI�1DWLRQDO�
3DUNV�� LQ� SDUWLFXODU� )�� /D5LYLHUH� DQG�$��7DUDN�� DQG� WR�
WKH� )XQGDFLRQ� $OIUHGR� )RUWDEDW�� SDUWLFXODUO\� 6HQRUD�
$�� /D&UR]H� GH� )RUWDEDW�� :H� DUH� JUDWHIXO� WR� WKH�
*RYHUQPHQW� RI� &KXEXW� DQG� WKH� $UJHQWLQH� 1DY\� IRU�
PDNLQJ�SODQHV�DYDLODEOH��7KH�$HUR�&OXE�RI�7UHOHZ�PDGH�
SRVVLEOH� WKH� UHJXODU� IOLJKWV� IURP� ZKLFK� WKH�PDMRULW\� RI�
GDWD� UHSRUWHG� KHUH� ZHUH� JDWKHUHG�� )��(UL]H�� (�� )HUR�� 3��
DQG�6�� )HUUHUR��&��*DUFLD��'��*LRORVD��-��*RPHV��-��.R��
UVFKHQHZVNL�� 6�� /DUUHEXUR��0�� DQG�0�� /DUULYLHUH�� -�� /O��
DYDOORO�� -��&�� DQG� '�� /RSH]�� 1��0RQRFFKLR�� -��0XQRV��
-��2OD]DERO�� 6��2UWHJD�� 7�� DQG� 0��2UWL]�%DVXDOGR�� -��
GL3DVFXDOL�� -�� DQG�0��3HUH]�0DFFKL��$�� DQG�$��3HUH\UD��
,UDROD��0��5H\QDO��0�� 6DQFKH]�(OLD��7HQLHQWH�6HLVGHGRV��
$�� 6RVD��$�� DQG�$��7RUUHMRQ��DQG�7HQLHQWH�9LRVVD\�KDYH�
JLYHQ� KHOS� LQ�PDQ\�DQG�YDULHG�ZD\V�DQG�ZH� H[WHQG�RXU�
JUDWLWXGH�IRU�WKHLU�FRQWULEXWLRQV�
7KLV� UHVHDUFK�ZDV� VXSSRUWHG� E\� JUDQWV� DQG�FRQWUDFWV�

IURP� WKH� 0DULQH� 0DPPDO� &RPPLVVLRQ� �&RQWUDFW� 1R��
00�$&2����� WKH� )XQGDFLRQ� $OIUHGR� )RUWDEDW�� WKH�
1DWLRQDO�*HRJUDSKLF�6RFLHW\�� WKH�1HZ�<RUN�=RRORJLFDO�
6RFLHW\�� WKH�3HRSOH
V�7UXVW� IRU�(QGDQJHUHG� 6SHFLHV� DQG�
WKH�:RUOG�:LOGOLIH� )XQG�86�

5()(5(1&(6
%HVW�� 3�� %�� ������ 7KH� VWDWXV� RI�ULJKW� ZKDOHV� �(ubalaena�glacialis�� RII�
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