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ZHUH�REVHUYHG�LQ� ������ $HULDO� VXUYH\�IOLJKWV�FRQGXFWHG�LQ� ����� WR�YHULI\� WKH�DFFXUDF\�RI�VKRUH�FRXQWV�\LHOGHG� ����DGXOWV�DQG�MXYHQLOHV�
DQG����FDOYHV��(VWLPDWHG�WRWDO�SRSXODWLRQV�ZHUH��������������� LQ�������FRQWDLQLQJ��������FDOYHV��DQG����������������LQ� ������RI�ZKLFK�
����������ZHUH�FDOYHV�� &RUUHFWLQJ�IRU�ZKDOHV�PLVVHG�SULRU�WR� WKH�VWDUW�RI�WKH� VXUYH\�EURXJKW�HVWLPDWHV� WR� ������� IRU� ������ DQG� �������
IRU� ������ (VWLPDWHG�DQQXDO�FDOI�SURGXFWLRQ��DIWHU�DSSUR[LPDWHO\� WKUHH�PRQWKV�RI�FDOI�PRUWDOLW\��ZDV�QRW� OHVV� WKDQ������ LQ� �����DQG�
����� LQ� �����

,1752'8&7,21
&XUUHQW� HVWLPDWHV� RI� WKH� WRWDO� SRSXODWLRQ� RI� WKH�
HDVWHUQ�3DFLILF� VWRFN� RI� WKH� JUD\� ZKDOH�� (schrichtius�
robustus�� LQFOXGH� ������� DW�8QLPDN�3DVV��$ODVND��5XJK�
DQG� %UDKDP�� ������� ������� QHDU�0RQWHUH\�� &DOLIRUQLD�
�5HLOO\�� 5LFH� DQG� :ROPDQ�� ������� DQG� ������� RII� WKH�
2UHJRQ�FRDVW� �+HU]LQJ� DQG�0DWH�� ������� (DFK� RI�WKHVH�
HVWLPDWHV�ZDV�EDVHG�XSRQ�GDWD�REWDLQHG�IURP�V\VWHPDWLF�
VKRUH� FRXQWV� GXULQJ� WKH� VRXWKZDUG� PLJUDWLRQ�� 6KRUH�
FRXQWV�RULJLQDWHG�DW�3RLQW�/RPD�� 6DQ�'LHJR��&DOLIRUQLD�
�*LOPRUH�� ������ 5LFH�� ������� DQG�ZHUH� ODWHU�EHJXQ� QHDU�
0RQWHUH\��&DOLIRUQLD�LQ� ����� �5LFH�DQG�:ROPDQ�� ������
:ROPDQ�DQG�5LFH�� ������� 7KH\�FRQWLQXHG�WKHUH�XQLQWHU��
UXSWHG� WKURXJK� WKH� ZLQWHU� RI� ���������� �5HLOO\� et� al���
������
,Q�WKH�FDOYLQJ�ODJRRQV�RI�%DMD�&DOLIRUQLD��0H[LFR��ERDW�

DQG� VKRUH� VXUYH\V� KDYH� EHHQ� FRQGXFWHG� �6ZDUW]� DQG�
-RQHV�� ����D�� ����E��5LFH�DQG�:ROPDQ�� ������0DWH�DQG�
+DUYH\�� ������%U\DQW�DQG�/DIIHUW\��������DV�ZHOO�DV�DHULDO�
VXUYH\V� �+XEEV� DQG� +XEEV�� ������ &DUG�� ������ 5LFH��
:ROPDQ��:LWKURZ�DQG�)OHLVFKHU�� ������
7KH�VSULQJ�QRUWKZDUG�PLJUDWLRQ�KDV�QRW�EHHQ�VWXGLHG�

DV�PXFK�DV�HLWKHU�WKH�VRXWKZDUG�PLJUDWLRQ�RU�WKH�FDOYLQJ�
ODJRRQV��DQG�FHUWDLQ�DVSHFWV�RI�WKH�QRUWKZDUG�PLJUDWLRQ�
KDYH� UHPDLQHG� REVFXUH�� VXFK� DV� WKH� PLJUDWLRQ� SDWK�
IROORZHG� E\� IHPDOHV� ZLWK� FDOYHV� �DOVR� FDOOHG� FRZ�FDOI�
SDLUV��DQG�WKH�QXPEHU�RI�WKHVH�SDLUV��5LFH�DQG�:ROPDQ��
������+DWOHU�DQG�'DUOLQJ�� ������'DUOLQJ�� ������+HU]LQJ�
DQG� 0DWH�� LQ� SUHVV��� ,I�ERWK� FDOYHV� DQG� DGXOWV� FDQ� EH�
FRXQWHG� GXULQJ� WKH� QRUWKZDUG� PLJUDWLRQ�� DQQXDO� FDOI�
SURGXFWLRQ� �DIWHU� VRPH� LQLWLDO� PRUWDOLW\�� FDQ� EH�
GHWHUPLQHG�
,Q� WKH� VSULQJV�RI������DQG� �������FRQGXFWHG�UHVHDUFK�

GXULQJ� WKH� QRUWKZDUG� PLJUDWLRQ� DORQJ� WKH� FHQWUDO�
&DOLIRUQLD� FRDVW�� 7KLV� VWXG\� ZDV� EDVHG� DW� 3W� 3LHGUDV�
%ODQFDV��6DQ�/XLV�2ELVSR�&RXQW\��&DOLIRUQLD��������
�1��
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)LJ�� ��� 6KRUH� VXUYH\� VLWH� DW� 3W� 3LHGUDV� %ODQFDV�� &DOLIRUQLD� VKRZLQJ
REVHUYDWLRQ�]RQH�

0RQWHUH\� DQG� ���� NLORPHWHUV� QRUWK� RI�6DQWD� %DUEDUD�
�)LJ�� ���
2QH� VSHFLILF� REMHFWLYH� ZDV� WR� ORFDWH� WKH� PLJUDWLRQ�

FRUULGRU� RI�IHPDOHV� ZLWK� FDOYHV� �3RROH�� LQ� SUHVV��� 7KLV�
FRUULGRU�ZDV� SRVWXODWHG� WR� EH� IDUWKHU� RIIVKRUH� WKDQ� WKH�
SDWK� XVHG� E\� WKH� UHVW� RI� WKH� SRSXODWLRQ� �5LFH� DQG�
:ROPDQ�� ������ 6FDPPRQ�� ������ 7RZQVHQG�� ������
-RUGDQ�� ������ 6WDUNV�� ������� 6KRXOG� WKH� PLJUDWLRQ�
FRUULGRU� RI� IHPDOHV� ZLWK� FDOYHV� �FRZ�FDOI� SDLUV�� EH�
ORFDWHG��DQ�DWWHPSW�ZDV� WR�EH�PDGH� WR�DVVHVV� WKH� UDWH�RI�
DQQXDO�FDOI�SURGXFWLRQ�EDVHG�RQ� WKH�FDOI�FRXQWV�

0(7+2'6
6KRUH� VXUYH\V
0HWKRGV�IRU�VKRUH�EDVHG�GDWD�FROOHFWLRQ�ZHUH� VLPLODU� WR�
WKRVH�GHVFULEHG�E\�5LFH�DQG�:ROPDQ� �������DQG�5HLOO\��
5LFH� DQG� :ROPDQ� �������� :KDOHV� ZHUH� FRXQWHG� IURP
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)LJ�� ��� $HULDO� VXUYH\�WUDQVHFWV�IURP�&DSH�6DQ�0DUWLQ�WR�3W�%XFKRQ�

VKRUH� ��� KRXUV�GD\�� �� GD\V�ZHHN� IRU� ��� ZHHNV� LQ�
����� ���� 0DUFK���� 0D\��� DQG� IRU� ��� ZHHNV� LQ� ����� ���
)HEUXDU\����0D\���:RUN�GD\V�FRQVLVWHG�RI�WZR�ILYH�KRXU�
VKLIWV� ������������ ���������� 367�� ZLWK� WZR� REVHUYHUV�
SHU� VKLIW�� 7KH� REVHUYHUV� PRQLWRUHG� WKH� PRYHPHQWV� RI�
ZKDOHV� SDVVLQJ� D� ����NP� OHQJWK� RI� FRDVWOLQH� �)LJ�� ����
%RXQGDULHV� RI� WKH� VWXG\� ]RQH� ZHUH� GHPDUFDWHG� XVLQJ�
QDWXUDO� ODQGPDUNV�� D� ODUJH� WULSRG�� DQG� D� &RDVW� *XDUG�
EXR\�� 8VLQJ� ��[���� ELQRFXODUV�� D� ���[�����[� VSRWWLQJ�
VFRSH�� HQJLQHHU
V� FRPSDVVHV�� DQG� RQ� RFFDVLRQ� D� UDQJH��
ILQGHU� RU� VXUYH\RU
V� WUDQVLW�� WKH� QXPEHU� RI�ZKDOHV� LQ� D�
SRG�� UHODWLYH� SRVLWLRQV� RI�LQGLYLGXDOV� �LI�GHWHUPLQDEOH���
DQG� GLVWDQFHV� RIIVKRUH� ZHUH� UHFRUGHG�� ,QGLYLGXDOV� ZLWK�
GLVWLQFWLYH� VFDUV� DQG� PDUNLQJV� ZHUH� SKRWRJUDSKHG� IRU�
IXWXUH� LGHQWLILFDWLRQ� SXUSRVHV�� %HKDYLRU� RI� WKH� ZKDOHV�
ZDV�DOVR�UHFRUGHG��:LQG�YHORFLW\��VHD�VWDWH��DQG�YLVLELOLW\�
FRQGLWLRQV�ZHUH�QRWHG�DW�OHDVW�KRXUO\��7KH�YLVLELOLW\�FRGH�
UDQJHG� IURP� �� �H[FHOOHQW�� WR� �� �WHUULEOH�� DQG�ZDV� VLPLODU�
WR� WKDW�XVHG�E\�5HLOO\�et�al�� ������� ������

$HULDO� VXUYH\V
$HULDO� VXUYH\� IOLJKWV� ZHUH� FRQGXFWHG� LQ� VXSSRUW� RI�WKH�
VKRUH�EDVHG� REVHUYDWLRQV� IURP� ����� 0DUFK� DQG� ������
$SULO�� ������0HWKRGV�IRU�WKH�DHULDO�VXUYH\V�ZHUH�PRGLILHG�
IURP� WKRVH� RI�5HLOO\�et�al�� ������� ������ DQG� 6ZDUW]� DQG�
-RQHV� �����D��� 'XULQJ� WKH� 0DUFK� IOLJKWV� D� &HVVQD� ����
KLJK�ZLQJ� DLUFUDIW� IOHZ� DW� DQ� DOWLWXGH� RI� ����P� DW� DQ�
DYHUDJH� JURXQG� VSHHG� RI� ���� NPK��� RYHU� D� VHULHV� RI����
WUDQVHFW� OLQHV� O\LQJ� SHUSHQGLFXODU� WR� WKH� D[LV� RI� WKH�
FRDVWOLQH�EHWZHHQ�&DSH�6DQ�0DUWLQ�DQG�3W�%XFKRQ��)LJ��
���� 7KH�LQWHUYDO�EHWZHHQ� WUDQVHFWV�ZDV� ����NP�� H[FHSW� DW�
3W�3LHGUDV�%ODQFDV��ZKHUH� WKH�LQWHUYDO�EHWZHHQ� WUDQVHFWV�
ZDV� VKRUWHQHG� WR� ���� NP� IRU� ILYH� WUDQVHFWV�DORQJ�����NP

RI� FRDVWOLQH�� $OO� WUDQVHFW� OLQHV� H[WHQGHG� ��� NP� RXW� WR�
VHD�
'XULQJ� WKH�$SULO� IOLJKWV�� WKH� VFDUFLW\� RI�ZKDOHV� DORQJ�

WKH����NP�RI�FRDVWOLQH��DQG�WKHLU�SUR[LPLW\�WR�VKRUH��PDGH�
WKH� PHWKRG� XVHG� LQ� 0DUFK� FRVWO\� DQG� XQSURGXFWLYH�� $�
VHULHV� RI� WUDQVHFWV� SDUDOOHO� WR� WKH� FRDVWOLQH� ZHUH�
VXEVWLWXWHG�IRU�WKH�SHUSHQGLFXODU�WUDQVHFWV��H[FHSW�RII�3W�
3LHGUDV� %ODQFDV�� ZKHUH� WKH� ILYH� SHUSHQGLFXODU� WUDQVHFWV�
����NP� DSDUW�ZHUH� FRQGXFWHG� LQ� WKH� VDPH�PDQQHU�DV� LQ�
0DUFK�� H[WHQGLQJ� ���NP�RXW� WR� VHD� GXULQJ� WKH� ILUVW� UXQ�
RI�WKH�GD\��$Q\�VXEVHTXHQW�UXQV�WKDW�VDPH�GD\�ZHUH�IORZQ�
�� NP�RXW�WR�VHD�� )RU�WKH�SDUDOOHO�WUDQVHFWV�EHWZHHQ�&DSH�
6DQ�0DUWLQ� DQG�3W� %XFKRQ�� IOLJKWV� ZHUH� IORZQ� DW� ������
������ DQG� �����PHWHU� LQWHUYDOV� RIIVKRUH�� IROORZLQJ� WKH�
FRQWRXU�RI�WKH�FRDVWOLQH��7KLV�PRGLILHG�PHWKRG�SURYHG�WR�
EH�FRVW�HIIHFWLYH�DQG�SURGXFWLYH�GXULQJ�WKH�$SULO�IOLJKWV�

%LDVHV
([SHULPHQWV� FRQGXFWHG� E\� 5HLOO\� et� al�� ������� ������
UHYHDOHG� WKDW� VHYHUDO� GLIIHUHQW� W\SHV� RI� ELDV� DIIHFWHG�
HVWLPDWHV� RI�WKH� QXPEHU� RI�ZKDOHV� SUHVHQW� LQ� D� SRG� RU�
JURXS� DW� WKH�0RQWHUH\� VWDWLRQ�� 7KHUH�ZDV� D� VLJQLILFDQW�
UHGXFWLRQ� LQ� YLVLELOLW\� ZKHQ� WKH� ZHDWKHU� ZDV� &RGH� ��
�SRRU�� RU� ZRUVH�� 7KHUH� ZDV� DOVR� D� FRQVLVWHQW� ELDV� LQ�
HVWLPDWLQJ�WKH�QXPEHU�SUHVHQW�LQ�D�SRG�HYHQ�XQGHU�LGHDO�
YLVLELOLW\� FRQGLWLRQV�� 6SHFLILFDOO\�� HVWLPDWHV� RI� VLQJOH�
LQGLYLGXDOV�DQG�RI�SRGV�FRQWDLQLQJ���RU�PRUH�ZKDOHV�ZHUH�
VLJQLILFDQWO\� ORZHU� WKDQ� WKH� QXPEHU� DFWXDOO\� SUHVHQW��
(VWLPDWHV� RI�SRGV� FRQWDLQLQJ� �� RU� �� ZKDOHV� ZHUH�PRUH�
DFFXUDWH��$�FRUUHFWLRQ�IDFWRU�ZDV�XVHG�KHUH�DV�FDOFXODWHG�
E\�5HLOO\�et�al��

+��������� n \�
f�ni��  �nt���bn  � �]����� ©� ����� ���

n��������� n� ���RU�PRUH
ZKHUH�f�nt�� LV� WKH� ELDV� FRUUHFWLRQ� IDFWRU� IRU�nt �� nt� LV� WKH�
QXPEHU�RI�ZKDOHV�HVWLPDWHG� WR�EH�LQ� WKH� UWK�SRG��DQG�bn�
LV� WKH� PHDQ� ELDV� FRUUHFWLRQ� IDFWRU�� 7KH� YDULDQFH� LV�
HVWLPDWHG�DV

������ n� � ��
YDU�>��©��@ � �� ©�  ����� ���

������ n� ��� RU�PRUH
7KH�WKLUG�DUHD�RI�ELDV�LQYHVWLJDWHG�E\�5HLOO\�et�al��ZDV�

WKDW� GXH� WR� WKH� RIIVKRUH� GLVWDQFH� RI� WKH� ZKDOHV�� $�
FRQVLVWHQW�ELDV�ZDV�REVHUYHG�IRU�ZKDOHV�SDVVLQJ�EH\RQG�
����NP�RIIVKRUH��$�FRUUHFWLRQ�IDFWRU�h�k��ZDV�LQWURGXFHG�
IRU� WKH�SURSRUWLRQ�RI�ZKDOHV�PLVVHG�

h�k�� � &S�&P� ���
ZKHUH�&s�  � WKH�FXPXODWLYH�SURSRUWLRQ�RI�ZKDOHV�ZLWKLQ�
����NP� RI�VKRUH� DV� REVHUYHG� IURP� VKRUH�� DQG� &p� �WKH�
FXPXODWLYH�SURSRUWLRQ�RI�ZKDOHV�ZLWKLQ�����NP�RI�VKRUH�
DV�REVHUYHG� IURP�WKH�SODQH�
7KH� YDULDQFH� RI� h�k�� ZDV� HVWLPDWHG� �DVVXPLQJ�

FRYDULDQFH� WHUPV� ���� DV
YDU�[h�k�}�  � [���&S�&_@��YDU�[&p]���� �� �&S���YDU�>&�-� ���

ZKHUH
YDU>&S@�

nn
�&S��O�&S��:S�
QXPEHU�ZLWKLQ� ����NP�DV�
REVHUYHG� IURP� WKH�SODQH ���
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DQG ZKHUH

n� �QXPEHU�ZLWKLQ�����NP�DV�
REVHUYHG� IURP�VKRUH� ���

3UHVHQWO\� WKHUH� DUH� QR� GDWD� WR� WHVW� IRU� D� FKDQJH� LQ�
PLJUDWLRQ�UDWH�DW�QLJKW� �5LFH�DQG�:ROPDQ�� ������ 5HLOO\�
et� al��� ������� 0RVW� SUHYLRXV� SRSXODWLRQ� HVWLPDWHV� KDYH�
DVVXPHG� D� FRQVWDQW� ���KRXU� UDWH�� WKLV� SDSHU� GRHV�
OLNHZLVH��7KH�XVH�RI�UDGLR�WHOHPHWU\�KDV�EHHQ�GHPRQVWUDWHG�
RQ� JUD\� ZKDOHV� �0DWH� DQG� +DUYH\�� ������ DQG� PD\�
SURYLGH�GDWD�ZKLFK�ZLOO� FODULI\� WKLV� LVVXH�

7RWDO� SRSXODWLRQ�HVWLPDWH
7KH� WRWDO� SRSXODWLRQ� HVWLPDWHV� KDYH� EHHQ� SURGXFHG� E\�
ILUVW� JURXSLQJ� DOO� REVHUYDWLRQV� LQWR� ZHHNO\� SHULRGV��
0RQGD\�WKURXJK�6DWXUGD\��\LHOGLQJ� ���ZHHNV�RI�GDWD�LQ�
�����DQG����ZHHNV�LQ� ������$OO�ZKDOHV�REVHUYHG�LQ�&RGH���
RU���YLVLELOLW\�FRQGLWLRQV�ZHUH� WKHQ�UHPRYHG��2QO\�WKRVH�
ZKDOHV� REVHUYHG� LQ� &RGH��� FRQGLWLRQV� RU� EHWWHU� ZHUH�
XWLOL]HG�IRU�WKH�SRSXODWLRQ�HVWLPDWHV��(VWLPDWHV�ZHUH�WKHQ�
FRUUHFWHG� IRU� WKH�SRG�VL]H� ELDV� IRU� DOO� SRGV� RI� �� RU� RI���
RU�PRUH�LQGLYLGXDOV�DQG�VXPPHG�DV�ZHHNO\� WRWDOV�� (DFK�
ZHHNO\�WRWDO�ZDV�WKHQ�GLYLGHG�E\�WKH�ZHHNO\�WRWDO�QXPEHU�
RI� KRXUV� ZLWK� &RGH� �� RU� EHWWHU� YLVLELOLW\�� WR� \LHOG� DQ�
DYHUDJH�KRXUO\�UDWH�RI�ZKDOHV�SDVVLQJ�3W�3LHGUDV�%ODQFDV�
IRU�WKDW�ZHHN��7KLV�KRXUO\�UDWH�ZDV�PXOWLSOLHG�E\� ���� WR�
SURGXFH� D� QHZ� ZHHNO\� HVWLPDWH�� 7KH� QH[W� VWHS� ZDV� WR�
FRUUHFW�WKH�ZHHNO\�HVWLPDWHV�IRU�ZKDOHV�PLVVHG�GXH�WR�WKHLU�
GLVWDQFH� RIIVKRUH�� XVLQJ� WKH� FRUUHFWLRQ� IDFWRU�h�k���'XH�
WR� WKH� QDWXUH� RI�WKH�QRUWKERXQG�PLJUDWLRQ�� WKLV�FRUUHF��
WLRQ�IDFWRU�ZDV�XVHG�WR�FRUUHFW�RQO\�WKRVH�ZHHNV�WKURXJK�
��� 0DUFK�� DV� DOO� ZKDOHV� REVHUYHG� DIWHU� WKDW� WLPH� ZHUH�
ZLWKLQ� ����NP� RI�WKH� VKRUH�� ,W� VKRXOG� EH� QRWHG� WKDW� WKH�
IRUPXODWLRQ� RI� WKH� GLVWDQFH� FRUUHFWLRQ� DVVXPHV� WKDW�
GXULQJ� SHULRGV� RI� IDLU� RU� EHWWHU� YLVLELOLW\� �&RGHV� �� RU�
EHWWHU��DOO�SRGV�SDVVLQJ�ZLWKLQ�����NP�ZHUH� VLJKWHG�� 7KH�
ILQDO�VWHS�LQ�SURGXFLQJ�D�WRWDO�SRSXODWLRQ�HVWLPDWH�ZDV�WR�
VXP� WKH�FRUUHFWHG�ZHHNO\� WRWDOV��1RWDWLRQ�ZDV�PRGLILHG�
IURP�5HLOO\�et�al��� ������� ������ DV� IROORZV��
7KH�ZHHNO\�HVWLPDWH�DIWHU�SRG�VL]H� ELDV�FRUUHFWLRQ� LV

j� i� 
� ]
ZKHUH�nt�  � WKH�RULJLQDO�HVWLPDWH�RI�WKH�QXPEHU�RI�ZKDOHV�
SUHVHQW�LQ�WKH�UWK�REVHUYDWLRQ��f�nt�� � WKH�ELDV�FRUUHFWLRQ�
IDFWRU�IRU�nt �� tj� � WKH�WRWDO�REVHUYDWLRQDO�WLPH�GXULQJ�WKH�
\
WK� ZHHN� LQ� &RGH� �� RU� EHWWHU� YLVLELOLW\� FRQGLWLRQV�� DQG�
fij� —� WKH�QXPEHU�RI�ZKDOHV�HVWLPDWHG�IRU� ����KRXU�ZHHN�
FRUUHFWHG� IRU�SRG�VL]H�ELDV� LQ�nt ��
7KH�YDULDQFH� IRU�h��ZDV�HVWLPDWHG�DV

YDU�ft]� � �����������V�YDU�>��©��@���
7KH� WRWDO� SRSXODWLRQ�HVWLPDWH� IRU�\HDU�k�LV

���

ZKHUH��nf�a�  � WKH�FRUUHFWHG�ZHHNO\�HVWLPDWHV�WKURXJK����
0DUFK�� �©���
!�  �WKH� FRUUHFWHG� ZHHNO\� HVWLPDWHV� DIWHU� ���
0DUFK�� DQG�h�k�� �WKH�GLVWDQFH�ELDV�FRUUHFWLRQ� IDFWRU�
7KH�YDULDQFH�IRU�Nk� �DVVXPLQJ�FRYDULDQFH�WHUPV�DUH����

ZDV�HVWLPDWHG� DV��

��E@� ����

YDU�>�©��Ä���h�k�]� �h�k���YDU�>(���"��Ä@
©���Ä" YDU

DQG

(VWLPDWH�RI�QXPEHU�RI�FDOYHV

����
����

7KH� DGMXVWHG� QXPEHU� RI�FDOYHV� �RU� FRZ�FDOI�SDLUV�� ZDV�
HVWLPDWHG�XVLQJ�SHUFHQWDJHV�RI�WKH�ZHHNO\�WRWDOV��)RU�HDFK�
ZHHN� LQ�ZKLFK�FDOYHV�ZHUH� REVHUYHG�� DOO� FDOYHV� LQ�&RGHV�
�� RU���YLVLELOLW\�FRQGLWLRQV�ZHUH�UHPRYHG��7KH�UHPDLQLQJ�
QXPEHU�RI�FDOYHV�ZDV� WKHQ�GLYLGHG�E\� WKH� WRWDO� QXPEHU�
RI�ZKDOHV�REVHUYHG�LQ� WKDW�ZHHN�GXULQJ�&RGH���RU�EHWWHU�
FRQGLWLRQV� WR� \LHOG� WKH�SHUFHQWDJH�PDNHXS�RI�FDOYHV�SHU�
WRWDO� REVHUYHG�� 7KH� UHVXOWLQJ� SHUFHQWDJH� ZDV� WKHQ�
PXOWLSOLHG�E\�WKH�FRUUHFWHG�ZHHNO\�WRWDO�DIWHU�DGMXVWPHQW�
IRU�SRG�VL]H�ELDV� WR�\LHOG� WKH�FRUUHFWHG�QXPEHU�RI�FDOYHV�
IRU� WKDW�SDUWLFXODU�ZHHN�� 6LQFH� DOO� FDOYHV�ZHUH� REVHUYHG�
ZLWKLQ� ����NP� RI� WKH� VKRUHOLQH�� WKH� RIIVKRUH�GLVWDQFH�
FRUUHFWLRQ�IDFWRU�h�k��ZDV�QRW�XWLOL]HG��7KH�ILQDO�VWHS�ZDV�
WR�VXP�WKH�FRUUHFWHG�ZHHNO\�WRWDOV�WR�\LHOG�DQ�HVWLPDWH�RI�
WKH� WRWDO� QXPEHU�RI�FDOYHV� LQ� WKH�SRSXODWLRQ�SDVVLQJ�3W�
3LHGUDV� %ODQFDV�� 7KH�ZHHNO\� HVWLPDWH� RI�WKH� QXPEHU� RI�
FDOYHV�SDVVLQJ�GXULQJ�WKH�\
WK�ZHHN� LV

ZKHUH�pt� LV� WKH� SURSRUWLRQ� nci�nt� DQG� nci�  � WKH� RULJLQDO�
HVWLPDWH� RI� WKH� QXPEHU� RI� FDOYHV� SUHVHQW� LQ� WKH� UWK�
REVHUYDWLRQ� LQ� &RGH� �� RU� EHWWHU� FRQGLWLRQV�� nt�  � WKH�
RULJLQDO�HVWLPDWH�RI�WKH�QXPEHU�RI�ZKDOHV�SUHVHQW�LQ� WKH�
UWK� REVHUYDWLRQ� LQ� &RGH� �� RU� EHWWHU� FRQGLWLRQV�� DQG�
fij�  � WKH�QXPEHU�RI�ZKDOHV�HVWLPDWHG�IRU� ���� KRXU�ZHHN�
FRUUHFWHG�IRU�SRG� VL]H� ELDV�LQ�nt �
7KH�YDULDQFH�RI�nci�ZDV�HVWLPDWHG��DVVXPLQJ�FRYDULDQFH�

WHUPV� ���� DV
YDU�>�\� ��njntf�YDU�IW@����ntf�YDU�>�LUL�©-� �����

ZKHUH
/� Ctl lii \ I t/ /� CltJ ' <� Ctl t J /� 1\ * 9� /

7KH� WRWDO� HVWLPDWH� RI�WKH� QXPEHU� RI�FDOYHV� SDVVLQJ� 3W�
3LHGUDV�%ODQFDV� LV

N� —� Yn� f^f^^ly clc� —�^ ncj- 9 �&9

7KH�YDULDQFH�IRU�Nck�ZDV�HVWLPDWHG�DV
YDU>$7FIF@�  �YDU=>�\� �,YDU>�\�� ����

$QQXDO� UDWH�RI�FDOI�SURGXFWLRQ
7KH� DQQXDO� UDWH� RI� FDOI� SURGXFWLRQ� LV� GHILQHG� DV� WKH�
QXPEHU� RI� QHZ� LQGLYLGXDOV� �FDOYHV�� DGGHG� WR� WKH�
SRSXODWLRQ�SHU�XQLW�WLPH�

!
� !
� !


k ~~ (*1c I \. 1c ~~~ 
� �
MW
� I��� ,� ;� R�,

ZKHUH�Nck�  �HVWLPDWHG�WRWDO�QXPEHU�RI�FDOYHV�SDVVLQJ�3W�
3LHGUDV�%ODQFDV��Nk�  �HVWLPDWHG�WRWDO�SRSXODWLRQ�SDVVLQJ�
3W�3LHGUDV�%ODQFDV�� DQG�$"� �RQH�\HDU�
7KH� YDULDQFH� IRU� Rk� ZDV� HVWLPDWHG� �DVVXPLQJ�

FRYDULDQFH� WHUPV� ���� DV
YDU>�\� 

��N
Var[Nk]�  �YDU����ª��Ä

ck 
�YDU��Nk���Nck�$�@�
����
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5(68/76�
5DZ� FRXQWV
$� WRWDO� RI� ������ JUD\� ZKDOHV� ZDV� REVHUYHG� GXULQJ� ����
GDWD�FROOHFWLQJ� KRXUV� EHWZHHQ� ��� 0DUFK� DQG� ��� 0D\�
������ ���� ZHUH� FDOYHV� �7DEOH� ���� )LYH� KXQGUHG� VHYHQW\��
VHYHQ� ������ KRXUV� RI� REVHUYDWLRQ� ZHUH� LQ� &RGHV� �����
GXULQJ�ZKLFK� ������ ZKDOHV� ZHUH� VHHQ� SDVVLQJ� WKH� VKRUH�
VLWH�� ����ZHUH� FDOYHV�

7DEOH� �
�����ZHHNO\� UDZ�DQG�DGMXVWHG�FRXQWV�RI�����DOO�ZKDOHV�H[FHSW�FRZ�FDOI�

SDLUV��
RWKHUV
��� ����FRZV�� DQG�����FDOYHV

:HHN

���������
���������
���������
����A���
���������
�����A���
����A���
���������
���������
���������
���������
���������

7RWDOV

2WKHUV

���
���
���
��
��
��
��
��
�
�
�
�

�����

5DZ

&RZV

�
�
�
�
�
��
��
��
��
��
�
�

���

$GMXVWHG

&DOYHV

�
�
�
�
�
��
��
��
��
��
�
�

���

2WKHUV

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

�����

&RZ

�
�
��
�
��
��
���
���
���
��
�
�

���

&DOYHV

�
�
��
�
��
��
���
���
���
��
�
�

���

%HWZHHQ� �� )HEUXDU\� DQG� ��� 0D\� ������ ������ QRUWK��
ERXQG�ZKDOHV�ZHUH�VHHQ�GXULQJ�����KRXUV�RI�REVHUYDWLRQ��
���� ZHUH�FDOYHV��:HDWKHU�FRQGLWLRQV� LQ� ����� ZHUH�PRUH�
KDUVK�WKDQ�LQ� ������ UHVXOWLQJ�LQ����� KRXUV�RI�&RGHV� ����
YLVLELOLW\�FRQGLWLRQV�ZLWK� ������ZKDOHV� UHFRUGHG�SDVVLQJ�
3W�3LHGUDV�%ODQFDV�� RI�ZKLFK� ����ZHUH�FDOYHV� �7DEOH����

7DEOH��
����� ZHHNO\�UDZ�DQG�DGMXVWHG�FRXQWV�RI�����DOO�ZKDOHV�H[FHSW�FRZ�FDOI�

SDLUV��
RWKHUV
��� ����FRZV�� DQG� ����FDOYHV

:HHN

���������
���������
���������
���������
���������
���������
���������
���������
����A���
���������
���������
���������
���������
���������
���������
���������

7RWDOV

2WKHUV

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

�����

5DZ

&RZV

�
�
�
�
�
�
�
�
�

��
��
��
��
��
�
�

���

&DOYHV
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�
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�
�
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��
��
��
��
�
�

���

2WKHUV

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

������

$GMXVWHG

&RZV

�
�
�
�
�
�
�
�

��
��
���
���
���
��
��
�

���

&DOYHV

�
�
�
�
�
�
�
�

��
��
���
���
���
��
��
�

���

3KDVH�$
7KH� PLJUDWLRQ� LQ� ERWK� ����� DQG� ����� FRQWDLQHG� WZR�
VHSDUDWH�DQG�GLVWLQFW�SXOVHV�WKDW�ZHUH� WHPSRUDOO\�VSDFHG�
DQG� WKDW� ZHUH� FRPSULVHG� RI� GLIIHUHQW� VXEVHWV� RI� WKH�
JUD\�ZKDOH� SRSXODWLRQ�� ,� KDYH� WHUPHG� WKHVH� WZR� SXOVHV�
3KDVH�$�DQG�3KDVH�%��7KH�ILUVW�ZDYH��3KDVH�$��FRPSULVHG�
ZKDOHV� RWKHU� WKDQ� IHPDOHV� ZLWK� FDOYHV�� ,W� RFFXUUHG�
EHWZHHQ� �� )HEUXDU\�DQG� �� $SULO�LQ� ����� DQG�UHSUHVHQWHG�
DSSUR[LPDWHO\� ���� RI�WKH� WRWDO� SRSXODWLRQ�� 7KH�PHDQ�
GDWH�RI�SDVVDJH��������ZDV� �� 0DUFK�DQG�WKH�PHGLDQ�GDWH�
ZDV� �� 0DUFK�� 5LFH� DQG�:ROPDQ� ������� IRXQG� WKDW� WKH�
QRUWKZDUG� PLJUDWLRQ� LV� VHJUHJDWHG� E\� DJH� DQG� VH[��
DOWKRXJK�WKH\�KDG�QR�GDWD�RQ�FRZ�FDOI�SDLUV��7KH\�IRXQG�
WKDW�ILUVW�WR�SDVV�ZHUH�UHFHQWO\�LPSUHJQDWHG�IHPDOHV��WKHQ�
DGXOW�PDOHV��DGXOW�IHPDOHV�� LPPDWXUH�IHPDOHV�� LPPDWXUH�
PDOHV�� DQG� ODVWO\� VRPH� SRVWSDUWXP� IHPDOHV� WKDW� KDG�
DSSDUHQWO\� ORVW� WKHLU� FDOYHV�� 7KHVH� DQLPDOV� FRPSULVHG�
3KDVH�$�

3KDVH�%
7KH� UHPDLQGHU� RI� WKH� PLJUDWLRQ� �3KDVH� %�� RFFXUUHG�
EHWZHHQ� �� $SULO�DQG����0D\��FRPSULVLQJ�PDLQO\�IHPDOHV�
ZLWK� FDOYHV�� ZKLFK�PLJUDWHG�PXFK� FORVHU� WR� VKRUH� WKDQ�
WKH� UHVW� RI� WKH� SRSXODWLRQ� �3RROH�� LQ� SUHVV��� 7KH� ILUVW�
ZHOO�VXSSRUWHG� VLJKWLQJ�RI�D� IHPDOH�ZLWK�FDOI�ZDV� RQ� ���
0DUFK� LQ� ����� DQG� RQ� �� $SULO� LQ� ������ $OWKRXJK� VPDOO�
ZKDOHV� ZHUH� REVHUYHG� LQ� WKH� SUHVHQFH� RI�ODUJHU�ZKDOHV�
SULRU�WR�WKHVH�GDWHV��WKH\�FRXOG�QRW�EH�SRVLWLYHO\�LGHQWLILHG�
DV� FDOYHV� DQG� ZHUH� WKHUHIRUH� QRW� FRXQWHG� DV� VXFK�� $Q�
DQLPDO�ZDV�GHWHUPLQHG�WR�EH�D�FDOI�E\�����LWV�VL]H��DQG�WKH�
GLVSDULW\�LQVL]H�EHWZHHQ�LW�DQG�WKH�DFFRPSDQ\LQJ�ZKDOH���
���� WKH� DEVHQFH� RI�WKH� QXPHURXV� EDUQDFOHV� DQG� VFDUV� RI�
SUHYLRXV� EDUQDFOHV� IRXQG� RQ� DGXOW� ZKDOHV�� DQG� ���� WKH�

GDUNQHVV
�RI�LWV�SLJPHQWDWLRQ�
)URP� �� $SULO� ����� XQWLO� WKH�HQG�RI�WKH�PLJUDWLRQ�� DQ�

DGMXVWHG�FRXQW�RI�������ZKDOHV�SDVVHG�3W�3LHGUDV�%ODQFDV��
2I�WKHVH�� ���� ������ZHUH�QRW�FRZ�FDOI�SDLUV�� 7KH\�PD\�
KDYH�EHHQ�SRVWSDUWXP�IHPDOHV�WKDW�KDG�ORVW�WKHLU�FDOYHV��
7KH\�ZHUH�DOPRVW�DOZD\V�LQ�WKH�SUHVHQFH�RI�D�IHPDOH�ZLWK�
FDOI�
7KH�PHDQ�GDWHV�RI�SDVVDJH�IRU�FRZ�FDOI�SDLUV�ZHUH����

$SULO�LQ������DQG����$SULO�LQ�������7KH�PHGLDQ�GDWHV�ZHUH�
��� $SULO� ����� DQG� ��� $SULO� ������ 7KHVH� GDWHV� DUH�
DSSUR[LPDWHO\�WZR�PRQWKV�ODWHU� WKDQ�WKRVH�RI�3KDVH�$��
6LPLODU� WHPSRUDO� VHJUHJDWLRQ� KDV� EHHQ� REVHUYHG� RII�WKH�
2UHJRQ�FRDVW� �+HU]LQJ�DQG�0DWH�� ������� DQG�RFFDVLRQDO�
REVHUYDWLRQV�RI�IHPDOHV�ZLWK�FDOYHV� QHDU� VKRUH� DQG� ODWH�
LQ�WKH�PLJUDWLRQ�KDYH�EHHQ�SUHYLRXVO\�UHSRUWHG��0RUHMRKQ��
������ /HDWKHUZRRG�� ������ %DOGULGJH�� ������

$HULDO� VXUYH\V
'XULQJ� WKH� ����� 0DUFK� ����� IOLJKWV�� ���� QRUWKERXQG�
ZKDOHV�ZHUH�REVHUYHG��3RROH��LQ�SUHVV���)OLJKWV�FRQGXFWHG�
DORQJ� WUDQVHFWV� ������ \LHOGHG� ���� ZKDOHV�� 'XULQJ� WKH�
������ $SULO� IOLJKWV�� ��� ZKDOHV� ���� FRZ�FDOI� SDLUV�� RQH�
GXR�� DQG� �� 
VRORV
�� ZHUH� REVHUYHG� EHWZHHQ� &DSH� 6DQ�
0DUWLQ� DQG�3W�%XFKRQ�
$QDO\VLV�RI�WKH�DHULDO�VXUYH\�GDWD�DW�3W�3LHGUDV�%ODQFDV�

\LHOGHG� D� YDOXH� IRU� &p� �WKH� FXPXODWLYH� SURSRUWLRQ� RI�
ZKDOHV�SDVVLQJ�ZLWKLQ�����NP�RI�WKH�VKRUHOLQH�DV�REVHUYHG�
IURP� WKH� SODQH�� RI������� IRU� WKH� 0DUFK� IOLJKWV�� ZLWK� D
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YDULDQFH�RI��������� 7KH�$SULO� IOLJKWV�\LHOGHG� D� YDOXH� IRU� ZKHUH� N�����  �DGMXVWHG� WRWDO� SRSXODWLRQ� HVWLPDWH� IRU
&p�RI��� ���� DV� DOO�ZKDOHV�ZHUH� REVHUYHG�ZLWKLQ�����NP�

'LVWDQFH�ELDV
$QDO\VLV� RI�)HEUXDU\� DQG� 0DUFK� VKRUH� GDWD� \LHOGHG� D�
YDOXH� IRU�&s� �WKH� FXPXODWLYH� SURSRUWLRQ�SDVVLQJ�ZLWKLQ�
����NP�DV�REVHUYHG�IURP�VKRUH��RI��������ZLWK�D�YDULDQFH�
RI���������� 7KHUHIRUH� WKH�UHVXOWLQJ�YDOXH� IRU�h�k�� LV

h�k�� �&J&P� ������������� � ����
YDU>�]�IF�@� ��������

7KH�YDOXH�IRU�&s� LQ�$SULO�DQG�0D\�ZDV� ������DV�DOO�ZKDOHV�
ZHUH�ZLWKLQ�����NP�

7RWDO�SRSXODWLRQ�HVWLPDWH
������ $V� VWDWHG� SUHYLRXVO\�� ������ZKDOHV�ZHUH� REVHUYHG�
LQ�����KRXUV�RI�REVHUYDWLRQ�LQ� ������LQFOXGLQJ�����FDOYHV��
5HPRYLQJ� DOO� VLJKWLQJV� LQ� &RGH� �� RU� �� YLVLELOLW\�
FRQGLWLRQV� OHIW� D� WRWDO� RI������� ZKDOHV� LQ� ���� KRXUV� RI�
REVHUYDWLRQ�� RI�ZKLFK� ����ZHUH� FDOYHV�� 7KHVH�GDWD�ZHUH�
JURXSHG� LQ�ZHHNO\� VHWV� DQG� XVHG� LQ� WKH� HTXDWLRQV�JLYHQ�
SUHYLRXVO\� WR� FDOFXODWH� WKH� DGMXVWHG� ZHHNO\� FRXQWV� DQG�
DVVRFLDWHG�YDULDQFHV��7DEOH����
6XPPLQJ�WKHVH�DGMXVWHG�ZHHNO\�FRXQWV�\LHOGHG�D�WRWDO�

SRSXODWLRQ�HVWLPDWH�
Nk� � � ������ YDU�[Nk]�  ��������� ����� &,� ��������
7KHUHIRUH��WKH����� FRQILGHQFH�LQWHUYDO�LV� ���������������
7KLV�HVWLPDWH�GRHV�QRW�FRQWDLQ�D�FRUUHFWLRQ� IRU� WKRVH�

ZKDOHV�PLVVHG� SULRU� WR� WKH� VWDUW�RI�WKH� VXUYH\�� 7KH� ILUVW�
VLJKWLQJ�RI�QRUWKERXQG�ZKDOHV� DW�3W�3LHGUDV�%ODQFDV� LQ�
����� ZDV� LQ� WKH�ILUVW�ZHHN�RI�)HEUXDU\��-��%RGNLQ��SHUV��
FRPP���� ,� KDYH� SRVWXODWHG� DQ� DGGLWLRQDO� ���� ZKDOHV�
SDVVLQJ�SULRU� WR� WKH� VXUYH\�� DSSUR[LPDWLQJ�WKH�YDOXH� RI�
���� ZKDOHV� GHULYHG� IURP� WKH� VORSH� RI� D� OLQH� H[WHQGHG�
EDFNZDUGV� IURP� ���� ZKDOHV� WR� �� ZKDOHV� LQ� D� RQH�ZHHN�
SHULRG� SULRU� WR� WKH� VXUYH\�� 7KH� DGGLWLRQ� RI����� ZKDOHV�
UHVXOWHG� LQ� D� WRWDO�SRSXODWLRQ�HVWLPDWH�RI��������ZKDOHV�
SDVVLQJ� 3W� 3LHGUDV� %ODQFDV� LQ� WKH� VSULQJ� RI� ������ 7KH�
SUHYLRXV�YDULDQFH�LV� QRW�DSSOLFDEOH�KHUH�
������ 7KH� ������ ZKDOHV� REVHUYHG� GXULQJ� WKH� ����

GDWD�FROOHFWLQJ� KRXUV�ZHUH� DGMXVWHG� IRU�YLVLELOLW\� FRQGL��
WLRQV��ZKLFK�OHIW�������ZKDOHV�LQ�����KRXUV�RI�REVHUYDWLRQ��
7KHVH� GDWD� ZHUH� SRROHG� LQWR� ZHHNO\� VHWV� DQG� WKHQ�
DGMXVWHG� IRU� WKH�YDULRXV� ELDVHV� WR�\LHOG� DGMXVWHG�ZHHNO\�
FRXQWV� ZLWK� DVVRFLDWHG� YDULDQFHV� �7DEOH� ���� 6XPPLQJ�
WKHVH� DGMXVWHG� ZHHNO\� FRXQWV� \LHOGHG� D� WRWDO� RI� ������
ZKDOHV��ZLWK�D�YDULDQFH�RI�������� DQG�D����� &,�RI��������
7KHVH� DGMXVWHG� GDWD�� KRZHYHU�� ZHUH� LQVXIILFLHQW� WR�
SURYLGH�D�WRWDO�SRSXODWLRQ�HVWLPDWH�IRU� ������ DV�PXFK�RI�
3KDVH� $� KDG� EHHQ� PLVVHG�� $Q� DOWHUQDWLYH� PHWKRG� ZDV�
XVHG�
$� FRPSDULVRQ� RI�WKH� DGMXVWHG� FRXQWV� IRU� ERWK� \HDUV�

GXULQJ� WKH� ODVW� HLJKW� ZHHNV� RI� WKH� VXUYH\�� 3KDVH� %��
UHYHDOHG� D� UDWLR� ������������ RI��������� 7KLV� YDOXH� ZDV�
WKHQ�XVHG�WR�GHULYH�D�WRWDO�SRSXODWLRQ�HVWLPDWH�IRU� ������
E\�XWLOL]LQJ�WKH�WRWDO�SRSXODWLRQ�HVWLPDWH�IRU� ����AFDOFX��
ODWHG�HDUOLHU�� ZLWK� WKH� DVVXPSWLRQ� WKDW�,�©����%�� AORVR� �
,�©����%��9���� �� 7KH�WRWDO�SRSXODWLRQ�HVWLPDWH�IRU������ZDV�
WKHUHIRUH

������ Q����%�  �WKH� VXP�RI�WKH�DGMXVWHG�FRXQWV� IRU�3KDVH�
%� ������ DQG�©����%�  �WKH� VXP�RI�WKH�DGMXVWHG�FRXQWV�IRU�
3KDVH� %� �����
7KH� YDULDQFH� IRU� N����� ZDV� HVWLPDWHG� �DVVXPLQJ�

FRYDULDQFH� WHUPV� ���� DV��
YDU>$7����@�  

ZKHUH
YDU�[L�©����%���©L��L%@� ������

YDU>�©����%�=©����%@
 ��O��©����%�� YDUSZ����%@�
���=�©����%�6�©���L%���YDU�>=�©����%@�� ����

7KH�UHVXOWLQJ�HVWLPDWH�IRU�WKH�WRWDO�SRSXODWLRQ�SDVVLQJ�3W�
3LHGUDV�%ODQFDV�LQ� WKH�VSULQJ�RI������ZDV

N��SO�  � �������� ��[��������� � ��������
YDU>�"�02@�  ��������� ���� &,� ���������

7KHUHIRUH�� WKH� WRWDO� SRSXODWLRQ� HVWLPDWH� IRU� ����� ZLWK�
���� &,�ZDV� �������������� ZKDOHV�� ,W�VKRXOG� EH� QRWHG�
WKDW�WKLV�HVWLPDWH�ZDV�SURGXFHG�XVLQJ�WKH� ����� HVWLPDWH�
ZLWKRXW�FRUUHFWLRQ�IRU�ZKDOHV�PLVVHG�SULRU�WR�WKH�VXUYH\��
8VLQJ� WKH� SRSXODWLRQ� HVWLPDWH� RI� ������� IRU� ������ WKH�
UHVXOWLQJ�HVWLPDWH�IRU� �����LV� �������ZKDOHV��7KH�YDOXH�RI�
�������PD\�EH�FRQVWUXHG�WR�EH�WKH�QHW�UDWH�RI�LQFUHDVH�IRU�
WKH�SRSXODWLRQ�EHWZHHQ� ����� DQG� �����

(VWLPDWH�RI�QXPEHU�RI�FDOYHV
������ $� WRWDO� RI� ���� FDOYHV� ZDV� REVHUYHG� LQ� ������
$IWHU� GHOHWLQJ� WKRVH� REVHUYHG� LQ� &RGH� �� RU� �� YLVLELOLW\�
FRQGLWLRQV�� ���� ZHUH� OHIW�ZLWK�ZKLFK� WR�SURGXFH� D� WRWDO�
HVWLPDWH��8VLQJ�(TXDWLRQ�����WKHVH�GDWD�ZHUH�DGMXVWHG�LQWR�
ZHHNO\�HVWLPDWHV�ZLWK�DVVRFLDWHG�YDULDQFHV��7DEOH� ��� )LJ��
����7KHVH�DGMXVWHG�ZHHNO\�HVWLPDWHV�ZHUH�WKHQ�VXPPHG�WR�
\LHOG� WKH� WRWDO�QXPEHU�RI�FDOYHV�
N&��SO�  ����� 9DU>$8��@�  � ����� ���� &,� ����

7KHUHIRUH��WKH�HVWLPDWH�IRU�WKH�QXPEHU�RI�FDOYHV�SDVVLQJ�
3W�3LHGUDV�%ODQFDV�LQ�WKH�VSULQJ�RI������LV����������FDOYHV��
������ $� WRWDO� RI� ���� FDOYHV� ZHUH� REVHUYHG� LQ� ������
'HOHWLQJ� WKRVH� REVHUYHG� LQ� &RGH� �� RU� �� YLVLELOLW\�
FRQGLWLRQV� OHIW� ���� ZLWK� ZKLFK� WR� SURGXFH� DQ� HVWLPDWH��
$GMXVWHG�ZHHNO\�HVWLPDWHV�ZHUH�FDOFXODWHG�ZLWK�YDULDQFHV�
�7DEOH����)LJ������7KHVH�LQ�WXUQ�ZHUH�VXPPHG�WR�SURGXFH�
D� WRWDO�HVWLPDWH�IRU� ����� RI�
�F L��L�  ����� YDU>WIFO���@�  ������� ���� &,� � ����

7KHUHIRUH�WKH�HVWLPDWH�IRU� WKH�QXPEHU�RI�FDOYHV�SDVVLQJ�
3W� 3LHGUDV� %ODQFDV� LQ� WKH� VSULQJ� RI� ����� LV� ���������
FDOYHV�

$QQXDO� UDWH�RI�FDOI�SURGXFWLRQ
������ 8VLQJ� (TXDWLRQ� ���� WKH�
SURGXFWLRQ�ZDV

�
0RDQ� ~=

DQQXDO� UDWH� RI� FDOI

A�  ���� ����

�������������������  �������
 ������ HVWLPDWHG� UDWH� RI�DQQXDO� FDOI�SUR��
GXFWLRQ�DV�REVHUYHG�DW�3W�3LHGUDV�%ODQFDV�
DIWHU�WKUHH�PRQWKV�RI�PRUWDOLW\�

YDU�>
����@�  ���������� ���� &,� ��������
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)LJ�� ��� $GMXVWHG�ZHHNO\�FRXQWV�� ����� )LJ�� ��� $GMXVWHG�ZHHNO\�FRXQWV�� �����

7KHUHIRUH��WKH�UDWH�RI�SURGXFWLRQ�LV���������������7KH�
UDQJH�LV
����������>��������O���������������@� �����������
������7KH�UDWH�RI�SURGXFWLRQ�IRU� ����� ZDV


L��L�  ���������������������  ������
 ������ HVWLPDWHG� DQQXDO� UDWH� RI�FDOI�SUR��
GXFWLRQ�DV�REVHUYHG�DW�3W�3LHGUDV�%ODQFDV�
DIWHU� WKUHH�PRQWKV�RI�PRUWDOLW\�

YDU>�"����@�  ���������� ���� &,� ��������
7KHUHIRUH�� WKH� UDWH� RI� FDOI� SURGXFWLRQ� ZDV� ��������
������� 7KH� UDQJH� LV
������������>���������������������������@�  ����������
,W�VKRXOG�EH�QRWHG�WKDW�LQ�GHWHUPLQLQJ�WKH�YDULDQFHV�IRU�

�"����� DQG� �"����� LW� ZDV� DVVXPHG� WKDW� FRYDULDQFH� WHUPV�
HTXDOHG�]HUR��$V�DQ�XQNQRZQ�EXW�DVVXPHGO\�VXEVWDQWLDO�
DPRXQW�RI�FRYDULDQFH�SUREDEO\�H[LVWV�� WKHVH�HVWLPDWHV�RI�
YDULDQFH� IRU� �"����� DQG� �"����� DUH� QHJDWLYHO\� ELDVHG� DQG�
VKRXOG�EH� ORRNHG�XSRQ�DV�PLQLPXP�HVWLPDWHV�

',6&866,21
7KH�SRSXODWLRQ�HVWLPDWHV�SUHVHQWHG� KHUH� DUH� UHDVRQDEO\�
FORVH� WR� HVWLPDWHV� RI�5HLOO\� et� al�� ������� ������� 5HLOO\�
��������5XJK�DQG�%UDKDP���������DQG�+HU]LQJ�DQG�0DWH�
�������� 5HLOO\
V� 
EHVW� HVWLPDWH
� IRU� ����� LV� �������

REWDLQHG�IURP�DQ�H[SRQHQWLDO�UHJUHVVLRQ�OLQH� WKURXJK� ���
HVWLPDWHV� IURP� WKH� 0RQWHUH\� VKRUH� FHQVXVHV�� 0\� RZQ�
HVWLPDWH� IRU� ����� LV� ������� ZKDOHV�� ������� LI�SRVWXODWHG�
ZKDOHV�PLVVHG�SULRU�WR�WKH�VXUYH\�DUH�LQFOXGHG��5HLOO\�DOVR�
VWDWHG�WKDW�WKH�DQQXDO�UDWH�RI�LQFUHDVH�RI�WKH�SRSXODWLRQ�
ZDV������ �5HLOO\�et�al��� ������� 0\�RZQ�GDWD�VXJJHVW�DQ�
DQQXDO� LQFUHDVH� RI������� LQ� DJUHHPHQW�ZLWK� KLV� ILJXUHV��
0\�HVWLPDWHV�IRU�WKH�QXPEHU�RI�FDOYHV������ LQ� ������ ����
LQ� �������KRZHYHU��DUH�VXEVWDQWLDOO\�OHVV� WKDQ�PLJKW�KDYH�
EHHQ�H[SHFWHG�
5LFH� DQG� :ROPDQ� ������� PDGH� DQ� HVWLPDWH� RI� WKH�

PD[LPXP�WKHRUHWLFDO�ELUWK�UDWH�RI�WKH�SRSXODWLRQ�LQ� WKH�
ODWH� ����V� RI�QR�PRUH� WKDQ� ������ EDVHG� XSRQ� DQ� HTXDO�
VH[� UDWLR�� DQ� DGXOW� SRSXODWLRQ� RI�OHVV� WKDQ� ����� RI� WKH�
ZKROH��DQG�DQ�DGXOW�IHPDOH�SUHJQDQF\�UDWH�RI�������8VLQJ�
P\� ����� SRSXODWLRQ�HVWLPDWH�RI��������� WKLV�ZRXOG�\LHOG�
������ FDOYHV�� 7KH� DFWXDO� ELUWK� UDWH�PD\� EH� FRQVLGHUDEO\�
ORZHU�� KRZHYHU�� DV� UHFHQW� VWXGLHV� LQ� WKH�FDOYLQJ� ODJRRQV�
LQGLFDWH�
5LFH�et�al�� �������FRXQWHG�����FDOYHV�LQ�/DJXQD�2MR�GH�

/LHEUH�� %DMD�&DOLIRUQLD��0H[LFR�� ZKLFK� WKH\� VWDWHG�PD\�
UHSUHVHQW�DSSUR[LPDWHO\�KDOI�RI�WKH�WRWDO�FDOYHV�SURGXFHG��
6ZDUW]� DQG� -RQHV� ������� H[DPLQHG� ERDW� VXUYH\V� RI�
*XHUUR�1HJUR�� /DJXQD�2MR�GH�/LHEUH�� DQG�/DJXQD�6DQ�
,JQDFLR� WDNHQ� LQ� ����������� 7KH\�DUULYHG�DW�DQ� DYHUDJH�
DQQXDO� JURVV� FDOI� SURGXFWLRQ� IRU� DOO� WKUHH� ODJRRQV�
FRPELQHG� RI����� FDOYHV�� ZKLFK� LQFOXGHG� ��� GHDG� RQHV��
7KLV� UHSUHVHQWV�D�PRUWDOLW\� UDWH�RI������ LQ� WKH� ODJRRQV��
5LFH� et� al�� ������� GHWHUPLQHG� WKDW� WKHVH� WKUHH� ODJRRQV�
SURGXFHG����� RI�DOO�FDOYHV�ERUQ��7KHUHIRUH��6ZDUW]�DQG
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-RQHV� ������� DUULYHG� DW� D� WRWDO� JURVV� FDOI�SURGXFWLRQ� RI�
������ FDOYHV� IRU� WKH� HQWLUH� ����� SRSXODWLRQ�� ZLWK� D�
PRUWDOLW\� RI���� GHDWKV� EHIRUH� WKH� PLJUDWLRQ�� OHDYLQJ� D�
������FDOI�WRWDO�RI��� ��������8VLQJ�D������� SRSXODWLRQ�RI���������
�GHULYHG� IURP� 5HLOO\�et�al�� ������ WKLV� \LHOGV� D� FDOI�WRWDO�
RI��� �����DV� WKH�QHW�FDOI�SURGXFWLRQ�EHIRUH�WKH�PLJUDWLRQ��
DQG�PRUWDOLW\�DORQJ�WKH� URXWH�EHWZHHQ� WKH�FDOYLQJ�DUHDV�
DQG�3W�3LHGUDV�%ODQFDV�RI

���������������� �����
�� ����������������� >��������@

7KHUHIRUH�FDOI�PRUWDOLW\�DORQJ�WKH�PLJUDWLRQ�URXWH�ZRXOG�
EH� ������ ZLWK� D� UDQJH�RI�����A����
7KH� ORZ� QXPEHU� RI�FDOYHV� RQ� WKH� PLJUDWLRQ� FDQ� EH�

H[SODLQHG�LQ�DW�OHDVW�WZR�ZD\V��� FDOYHV�ZHUH�PLVVHG�DV�WKH\�
SDVVHG�3W�3LHGUDV�%ODQFDV��RU�WKH\�GLHG�HQURXWH��SHUKDSV�
IURP� WKH� VWUHVV� DQG� ULJRUV� RI� WKH� PLJUDWLRQ� RU� IURP�
DWWDFNV�E\�SUHGDWRUV��VXFK�DV�NLOOHU�ZKDOHV��Orcinus�orcd���
,Q� ����� ,� H[DPLQHG� D� GHDG�FDOI�WKDW�KDG� EHHQ� DWWDFNHG�
E\� NLOOHU� ZKDOHV�� ,W� ZDVKHG� DVKRUH� DW� 3LVPR� %HDFK��
DSSUR[LPDWHO\� ���NP� VRXWK� RI� 3W� 3LHGUDV� %ODQFDV��
0RUWDOLW\� IURP� RWKHU�FDXVHV�KDV� DOVR� EHHQ�GRFXPHQWHG�
�%URZQHOO�� ������
2QH� IDFWRU� WR� FRQVLGHU� LV� WKDW� WKH� HQG� RI�3KDVH�$� LV�

FRPSULVHG�RI�SULPDULO\�VPDOOHU�MXYHQLOHV��3RROH��LQ�SUHVV��
5LFH�DQG�:ROPDQ�� ������ DORQJ�ZLWK�VRPH�DGXOW�ZKDOHV��
$V�3KDVH�$�HQGHG�DQG�3KDVH�%�EHJDQ��LW�LV�SUREDEOH�WKDW�
VRPH�FDOYHV�ZLWK� IHPDOHV�ZHUH�PLVWDNHQ� IRU�LPDWXUHV� LQ�
WKH� SUHVHQFH� RI�DGXOWV�� 6PDOO� ZKDOHV� LQ� WKH� SUHVHQFH� RI�
ODUJHU� ZKDOHV� ZHUH� REVHUYHG� MXVW� SULRU� WR� WKH� ILUVW�
VLJKWLQJV�RI�FRZ�FDOI�SDLUV��%XW�WKHVH�VPDOOHU�ZKDOHV�FRXOG�
QRW�EH�SRVLWLYHO\�LGHQWLILHG�DV�FDOYHV�� 7KLV�PD\�QRW�KDYH�
EHHQ� D�PDMRU� IDFWRU�� KRZHYHU�� :KHQ� WKH� ILUVW� 
GHILQLWH
�
FRZ�FDOI�SDLUV�ZHUH�VLJKWHG��WKH�VL]H�GLVSDULW\�EHWZHHQ�WKH�
IHPDOH�DQG�FDOI��DQG�EHWZHHQ�WKH�FDOI�DQG�SUHYLRXV�
�VPDOO�
�
ZKDOHV��ZDV�TXLWH�HYLGHQW�DQG�YHU\� VWULNLQJ�
&DOYHV� FDQ� EH� GLIILFXOW� WR� VSRW�� 7KHLU� UHODWLYHO\� VPDOO�

VL]H� DQG� RIWHQ� FORVH� SUR[LPLW\� WR� WKH� IHPDOH� FDQ� 
KLGH
�
WKHP� IURP�YLHZ�� HVSHFLDOO\� LI�WKH�FDOI�LV� RQ� WKH� RSSRVLWH�
VLGH�RI�WKH�IHPDOH�IURP�WKH�REVHUYHUV��'XH�WR�WKH�QDWXUH�
RI�WKH�PLJUDWLRQ�FRUULGRU�DW�3LHGUDV�%ODQFDV��WKLV�WRR�ZDV�
SUREDEO\�QRW�D�PDMRU�IDFWRU��3KDVH�%�ZKDOHV�PRVW�RIWHQ�
DSSURDFKHG� WKH�REVHUYDWLRQ� VLWH�KHDG�RQ�� DOORZLQJ�ERWK�
VLGHV�RI�D�ODUJH�ZKDOH�WR�EH�REVHUYHG�DW�WLPHV��$QG�����
������� DQG� ���� ������� RI� DOO� 3KDVH� %� ZKDOHV� SDVVHG�
ZLWKLQ� ����PHWHUV�RI�WKH� VKRUHOLQH� �3RROH�� LQ�SUHVV��
,Q� DGGLWLRQ�� IHZ� ORQH� DGXOW� ZKDOHV� ZHUH� REVHUYHG� LQ�

3KDVH�%�� 5DWKHU�� DGXOWV�ZLWKRXW�FDOYHV�ZHUH�PRVW�RIWHQ�
REVHUYHG� LQ� WKH� SUHVHQFH� RI� FRZ�FDOI� SDLUV�� WUDYHOLQJ�
WRJHWKHU�DV�D� WULR�� ,W� LV� SRVVLEOH� WKDW�D� VHFRQG�FDOI�FRXOG�
EH�RYHUORRNHG�LQ� VXFK�D�VLWXDWLRQ��2EVHUYDWLRQV�RI�ZKDW�
DSSHDUHG�WR�EH�D�VLQJOH�FDOI�ZLWK�WZR�DGXOWV�PD\�KDYH�EHHQ�
REVHUYDWLRQV�RI�WZR�FDOYHV�VXUIDFLQJ�DW�GLIIHUHQW�LQWHUYDOV�
QH[W�WR�WKH�IHPDOHV��$JDLQ��WKLV�SUREDEO\�ZDV�QRW�D�PDMRU�
IDFWRU�� GXH� WR� WKH�SUR[LPLW\� WR� VKRUH�RI�3KDVH� %� ZKDOHV�
DQG� WKH� OHQJWK�RI�WLPH� WKH\�ZHUH� XQGHU�REVHUYDWLRQ�
+RZHYHU�� D� UHDVRQDEOH� XSSHU� OLPLW� WR� WKH� QXPEHU� RI�

FDOYHV� PD\� EH� HVWLPDWHG� E\� DVVXPLQJ� WKDW� DOO� DGXOW�
3KDVH� %� ZKDOHV� KDG�FDOYHV�� ,Q� ����� WKLV�ZRXOG�DGG� ����
FDOYHV��EULQJLQJ�WKH�WRWDO�WR� �� ������ZKLFK�LV�RQO\������ OHVV�
WKDQ� WKH� WRWDO� QHW� SURGXFWLRQ� RI� ������ VXJJHVWHG� E\�
6ZDUW]�DQG�-RQHV�������� IRU�DOO� FDOYLQJ�DUHDV�
,W� VKRXOG� EH� QRWHG� WKDW� WKH� ODVW� HLJKW� ZHHNV� RI� WKH

QRUWKZDUG�PLJUDWLRQ��3KDVH�%�� KDV�WKH� 
FRUUHFW
�QXPEHU�
RI�IHPDOHV� �ZLWKLQ� ������� RQO\� WKH� QXPEHU� RI�FDOYHV� LV�
VLJQLILFDQWO\�GLIIHUHQW�� ,I�P\�RZQ�3KDVH�%�ILJXUH�RI�������
LV� XVHG� DV� WKH� QHW� FDOI�SURGXFWLRQ�EHIRUH� WKH�PLJUDWLRQ��
WKHQ� PRUWDOLW\� DORQJ� WKH� PLJUDWLRQ� URXWH� WR� 3LHGUDV�
%ODQFDV�ZDV

�������������� �����
�� ����������������� � �������� >��������@

7KHUHIRUH�FDOI�PRUWDOLW\�HQURXWH�ZRXOG� EH� �����ZLWK� D�
UDQJH�RI����������7KHVH�GDWD�DUH�VXSSRUWHG�E\�RWKHU�
UHVHDUFK� HIIRUWV�� +HU]LQJ� DQG�0DWH� �LQ� SUHVV�� HVWLPDWHG�
WKDW� ���� FDOYHV� ZHUH� SUHVHQW� LQ� D� WRWDO� SRSXODWLRQ� RI�
������� ZKDOHV� SDVVLQJ�ZLWKLQ� ����NP� RI�<DTXLQD�+HDG��
2UHJRQ� LQ� ������ 7KLV� UHSUHVHQWV� DQ� DQQXDO� UDWH� RI�FDOI�
SURGXFWLRQ��(TXDWLRQ�����RI�������LQ�DJUHHPHQW�ZLWK�P\�
ILJXUHV��$HULDO�VXUYH\V�FRQGXFWHG�EHWZHHQ�3W�&RQFHSWLRQ��
&DOLIRUQLD�DQG� WKH�2UHJRQ�ERUGHU�GXULQJ�WKH�QRUWKZDUG�
PLJUDWLRQ� �)HEUXDU\�WKURXJK�0D\��\LHOGHG� UDWHV�RI�FDOI�
SURGXFWLRQ�RI������ LQ� ����������� LQ� ������ DQG������ LQ�
����� �7RP�'RKO��SHUV�� FRPP���
7KLV� VXJJHVWV� WKDW� HLWKHU� HTXLYDOHQW� SHUFHQWDJHV� RI�

FDOYHV� ZHUH� PLVVHG� LQ� WKUHH� YHU\� VHSDUDWH� DQG� GLVWLQFW�
UHVHDUFK� HIIRUWV�� RU� WKDW� VRPH� YDOLGLW\� H[LVWV� IRU� WKHVH�
ORZHU�WKDQ�H[SHFWHG�FDOI�FRXQWV��$Q�LQHVFDSDEOH�TXHVWLRQ�
DULVHV��:KHUH�DUH� WKH�GHDG�FDOYHV"�2QH�ZRXOG�H[SHFW� WR�
ILQG�D�IDLU�QXPEHU�ZDVKHG�DVKRUH��5HFRUGV�RI�VWUDQGLQJV�
LQ�&DOLIRUQLD�VRXWK�RI�3W�3LHGUDV�%ODQFDV�GR�QRW�VXSSRUW�
PRUWDOLW\�RI�WKLV�OHYHO��%XW�ZKHUH�ZRXOG�WKH�KLJKHVW�GHJUHH�
RI�FDOI�PRUWDOLW\�GXULQJ�WKH�PLJUDWLRQ�RFFXU"
6ZDUW]�DQG�-RQHV��������VXJJHVWHG�WZR�FULWLFDO�SHULRGV�

IRU�JUD\�ZKDOH�FDOI�PRUWDOLW\�� RQH� DW�DQG�MXVW� IROORZLQJ�
ELUWK�� DQG� D� VHFRQG� SHULRG� DW� WKH� beginning� RI� WKH�
QRUWKZDUG�PLJUDWLRQ��7KLV�SUHGLFWV�WKDW�D�ODUJH�SURSRUWLRQ�
RI�FDOYHV� WKDW� KDYH� GLHG� GXULQJ� WKH� LQLWLDO� VWDJH� RI�WKH�
PLJUDWLRQ�DQG�ZDVKHG�DVKRUH�ZRXOG�EH� IRXQG�DORQJ�WKH�
FRDVW�RI�%DMD�&DOLIRUQLD��0H[LFR�� UDWKHU� WKDQ� WKH� FRDVW�
RI�&DOLIRUQLD��86$�
0DULO\Q� 'DKOKHLP� �SHUV�� FRPP��� UHSRUWHG� WKDW� KHU�

ILHOG� DVVLVWDQW�� 0LFKDHO� 6\PRQV�� IRXQG� QXPHURXV�
UHPDLQV� RI� JUD\� ZKDOHV� DW� 0LOOHU
V� /DQGLQJ� GXULQJ� D�
UHFHQW� YLVLW� WR� %DMD� &DOLIRUQLD� ������� -XO\� �������
)RUW\�WKUHH� ZKDOHV� ZHUH� MXGJHG� E\� WKHLU� VWDWH� RI�
GHFRPSRVLWLRQ� WR� KDYH� UHFHQWO\� GLHG�� GXULQJ� WKH�
ZLQWHU�VSULQJ��������� VHDVRQ��2I�WKHVH����� ������������
ZHUH� FDOYHV�� $Q� DGGLWLRQDO� ��� VNXOOV�ZHUH� REVHUYHG� DQG�
MXGJHG�WR�KDYH�EHHQ�ZKDOHV�IURP�SUHYLRXV�VHDVRQV��DV�WKH\�
ZHUH� 
FRQVLGHUDEO\�HURGHG�DZD\
�� 7KLV�ILQGLQJ�LQGLFDWHV�
WKDW�� LQGHHG�� VRPH� FDOYHV� GR� GLH� RII� WKH� FRDVW� RI�%DMD�
&DOLIRUQLD�DQG�ZDVK�DVKRUH�ZKHUH� WKH\�ZRXOG�QRUPDOO\�
UHPDLQ�XQGHWHFWHG�
,I�P\� HVWLPDWHV� RI�WRWDO� DEXQGDQFH� RI� ���������������

�������DQG� ����������������������ZKDOHV�DQG�HVWLPDWHV�RI�
����������������DQG������������������FDOYHV�DUH�UHDVRQDEO\�
DFFXUDWH�� WKHQ� FDOI�PRUWDOLW\� LV� JUHDWHU� WKDQ� KDV� EHHQ�
SUHYLRXVO\� VXVSHFWHG�� EXW� WKH� UDWH� RI� LQFUHDVH� IRU� WKH�
SRSXODWLRQ�DV� D�ZKROH� KDV� EHHQ�PDLQWDLQHG�DW�DSSUR[L��
PDWHO\� ������ ,I�D� SURSRUWLRQDOO\� HTXLYDOHQW� QXPEHU� RI�
FDOYHV� ZDV� PLVVHG� LQ� ERWK� ����� DQG� ������ WKH� UDWH� RI�
LQFUHDVH�ZRXOG� QRW�EH� DOWHUHG�� EXW�FDOI�PRUWDOLW\�ZRXOG�
EH� OHVV� WKDQ� VXJJHVWHG� KHUH�� &OHDUO\�� PRUH� GDWD� DUH�
QHHGHG�
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&21&/86,216
���� 7KH� QRUWKZDUG� PLJUDWLRQ� RI� WKH� &DOLIRUQLD� JUD\�
ZKDOH� DORQJ� WKH� FHQWUDO� &DOLIRUQLD� FRDVW� RFFXUV� LQ� WZR�
GLVWLQFW�DQG�VHSDUDWH�SKDVHV�ZKLFK�DUH�WHPSRUDOO\�VSDFHG�
DQG� VHJUHJDWHG�E\�DJH�DQG� VH[�
���� 3KDVH� $�� WKH� PLJUDWLRQ� RI� ZKDOHV� RWKHU� WKDQ�

IHPDOHV�ZLWK�FDOYHV��RFFXUV�LQ�)HEUXDU\�DQG�0DUFK��DQG�
KDV�D�PHDQ�GDWH�RI�SDVVDJH�RI�DSSUR[LPDWHO\� �� 0DUFK�
���� 3KDVH� %�� WKH�PLJUDWLRQ� RI�SULPDULO\� IHPDOHV�ZLWK�

FDOYHV�� RFFXUV� LQ�$SULO�DQG�0D\�DQG�KDV�D�PHDQ�GDWH�RI�
SDVVDJH�RI����$SULO��DSSUR[LPDWHO\�WZR�PRQWKV�ODWHU�WKDQ�
3KDVH�$�
���� $Q�HVWLPDWHG� �������������� ZKDOHV� ��������� DIWHU�

FRUUHFWLRQ� IRU� ZKDOHV� PLVVHG� SULRU� WR� WKH� VWDUW� RI� WKH�
VXUYH\��SDVVHG�3W�3LHGUDV�%ODQFDV�GXULQJ�WKH�QRUWKZDUG�
PLJUDWLRQ� LQ� ������ 7KLV� SRSXODWLRQ� FRQWDLQHG� DQ�
HVWLPDWHG���������FDOYHV��DQG�KDG�DQ�DQQXDO�UDWH�RI�FDOI�
SURGXFWLRQ� RI�QRW� OHVV� WKDQ� ����� DIWHU� DSSUR[LPDWHO\�
WKUHH�RU�IRXU�PRQWKV�RI�PRUWDOLW\�
���� $Q�HVWLPDWHG� ��������������ZKDOHV� �������� DIWHU�

FRUUHFWLRQ�IRU�ZKDOHV�PLVVHG�SULRU�WR� WKH�VXUYH\��SDVVHG�
3W� 3LHGUDV� %ODQFDV� GXULQJ� WKH� QRUWKZDUG�PLJUDWLRQ� LQ�
������ 7KLV�SRSXODWLRQ�FRQWDLQHG�DQ�HVWLPDWHG�����������
FDOYHV��DQG�KDG�D�UDWH�RI�FDOI�SURGXFWLRQ�RI�QRW�OHVV�WKDQ�
����� DIWHU� DSSUR[LPDWHO\� WKUHH� RU� IRXU� PRQWKV� RI�
PRUWDOLW\�
���� 7KH� DQQXDO� UDWH� RI� LQFUHDVH� IRU� WKH� SRSXODWLRQ�

EHWZHHQ� ����� DQG� ����� ZDV������
���� ,I�������FDOYHV�LV�FRQVLGHUHG�WR�EH�WKH�QHW�WRWDO�FDOI�

SURGXFWLRQ� EHIRUH� WKH� QRUWKZDUG� PLJUDWLRQ�� WKHQ� FDOI�
PRUWDOLW\�EHWZHHQ� WKH�FDOYLQJ�DUHDV� LQ� %DMD�&DOLOIRUQLD��
0H[LFR� DQG�3W�3LHGUDV� %ODQFDV�� &DOLIRUQLD� LQ� ����� ZDV�
�����ZLWK�D� UDQJH�RI��������
���� &DOI�FRXQWV�PD\� EH� ELDVHG� GRZQZDUG� E\� DW� OHDVW�

WZR�IDFWRUV�
�a�� &DOYHV�PD\�EH�PLVWDNHQO\�LGHQWLILHG�DV�\HDUOLQJV�

GXULQJ� WKH� ODWWHU�SDUW� RI�3KDVH�$� DQG� WKH� EHJLQQLQJ� RI�
3KDVH�%�� DQG

�b�� 3RGV� FRQWDLQLQJ� WZR� FRZ�FDOI� SDLUV� PD\� EH�
PLVWDNHQO\�LGHQWLILHG�DV�
WULRV
�FRQWDLQLQJ�WZR�DGXOWV�DQG�
D� VLQJOH�FDOI�
���� $� UHDVRQDEOH�XSSHU� OLPLW� WR� WKH�QXPEHU�RI�FDOYHV�

SDVVLQJ�3W�3LHGUDV�%ODQFDV�PD\�EH�HVWLPDWHG�DV� �������$�
UHDVRQDEOH� ORZHU� OLPLW� RI� FDOI� PRUWDOLW\� GXULQJ� WKH�
PLJUDWLRQ�ZRXOG� WKHQ�EH������
7KH�UHVXOWV�RI�WKLV�UHSRUW�DUH�SUHOLPLQDU\��+RZHYHU��WKH�

EDVLF� SDWWHUQV� DQG� QXPEHUV� RI�ZKDOHV� UHPDLQHG� UDWKHU�
FRQVLVWHQW� IRU� WKH� WZR� \HDU� SHULRG�� )XUWKHU� GDWD�
FROOHFWLRQ� FRXOG� EH� TXLWH� EHQHILFLDO�� ,W� LV� UHFRPPHQGHG�
WKDW�DQ�DGGLWLRQDO� WKUHH�\HDUV�RI�UHVHDUFK�EH�XQGHUWDNHQ�
WR� SURYLGH� D� ODUJHU�GDWD�EDVH� IURP� ZKLFK�PRUH� UHOLDEOH�
FRQFOXVLRQV�FDQ�EH�GUDZQ�

$&.12:/('*(0(176
,� DP� GHHSO\� LQGHEWHG� WR� PDQ\� SHRSOH� IRU� WKHLU�

DVVLVWDQFH�DQG�VXSSRUW�LQ�WKLV�SURMHFW��9HU\�VSHFLDO�WKDQNV�
DUH� GXH� WR� 6WHSKHQ� 5HLOO\�� KLV� DVVLVWDQFH� LQ� SUHSDULQJ�
VKRUH� DQG� DHULDO� PHWKRGV�� KRXUV� VSHQW� JRLQJ� RYHU�
HTXDWLRQV�� SURJUDPPLQJ� WKH� FRPSXWHU�� DQG�PHWLFXORXV�
UHYLHZ�RI�WKH�PDQXVFULSW�DOO�KHOSHG� WR�LQVXUH�WKH�VXFFHVV�
RI�WKH�ZRUN�� 7KDQNV� DUH� GXH� WR�P\� ILHOG� DVVLVWDQWV�ZKR�
HQGXUHG�PDQ\�FROG��JUD\�GD\V��7UDF\�/HH�)LQNELQH��&KULV

+HQU\�� +HOHQ� -RQHV�� 0HL� 7LQJ� �7LQD��0DUN�� -DQHW� /HH�
3DWWHUVRQ�� /DXUD� 3DWW\�� DQG� 'DYLG� 3HWHUVRQ�� :LOOLDP�
&RRN��RXU�SLORW��DQG�/RUL�3DVFXDO��DQG�5KRQGD�+DUPRQ�
IRU�WKHLU�JUDSKLFV��.HQQHWK�1RUULV�ILUVW�VXJJHVWHG�D�VKRUH�
VXUYH\�DQG�RIIHUHG�HDUO\�HQFRXUDJHPHQW��*OHQQ�9DQ%OD��
ULFRP� VXJJHVWHG� 3W� 3LHGUDV� %ODQFDV� DQG� ZLWK� -DPHV�
%RGNLQ��5REHUW�%URZQHOO��DQG�5RQDOG�-DPHVRQ�SURYLGHG�
FDPDUDGHULH� DQG� HQFRXUDJHPHQW� DW� WKH� VLWH�� +RZDUG�
%UDKDP�� 7KRPDV�'RKO�� 'HQLVH�+HU]LQJ�� 'RQDOG� ,VDDF��
0DU\� /RX� -RQHV�� 6WHSKHQ� /HDWKHUZRRG�� %UXFH� 0DWH��
$U\DQ� 5RHVW�� 5REHUW� 5XELQ�� -DFTXHOLQH� 6FKRQHZDOG��
-DPHV� 6XPLFK�� DQG�6WHYHQ� 6ZDUW]� DOO� SURYLGHG� HQFRXU��
DJHPHQW�DQG�FRQVWUXFWLYH�FULWLFLVP� WKURXJKRXW� WKH�SUR��
MHFW�� 6RQRPD� 6WDWH�8QLYHUVLW\�� 8QLYHUVLW\� RI�&DOLIRUQLD�
6DQWD�&UX]��DQG�&DOLIRUQLD�6WDWH�3RO\WHFKQLF�8QLYHUVLW\�
SURYLGHG� UHVHDUFK� DVVLVWDQWV� DQG� HTXLSPHQW�� 8QUXK
V�
3KRWRJUDSK\� VXSSOLHG� ILOP� DQG� HTXLSPHQW�� 3DUWLDO�
IXQGLQJ� ZDV� SURYLGHG� E\� 1DWLRQDO� 0DULQH� )LVKHULHV�
6HUYLFH�1DWLRQDO� 0DULQH� 0DPPDO� /DERUDWRU\� *UDQW�
�����$%'�����WKH�$PHULFDQ�&HWDFHDQ�6RFLHW\��DQG�)UHH�
WR� /LYH� 3URGXFWLRQV�� /WG�� 7KH� 86� )LVK� DQG� :LOGOLIH�
6HUYLFH� SURYLGHG� KRXVLQJ�� 7KDQNV� DUH� GXH� DOVR� WR� P\�
IDPLO\� DQG� IULHQGV�� -HDQHWWH� DQG�:LOOLDP� 3RROH�� 1DQF\�
DQG� 3KLOLS� 3RSH�� 0DUN� 3RROH�� (YHUHWW� DQG� /DXUHQD�
+RUQRFNHU�� 0DXULFH� +RUQRFNHU�� :D\QH� DQG� 3K\OOLV�
+RUQRFNHU��7RP�DQG�-HDQ�*UD\��WKH�6DFNULVRQV��:LOOLDP�
DQG� 1DRPL� 7KXUPRQG�� 5RJHU� DQG� &DPLOOD� 0F*XLQQ��
DQG�$QGUHZ� /DPE�� 7R� WKHVH� DQG� DOO� RWKHUV� ,� RIIHU�P\�
VLQFHUH�DSSUHFLDWLRQ�

5()(5(1&(6
%DOGULGJH�� $�� ������ 0LJUDQW� JUD\� ZKDOHV� ZLWK� FDOYHV� DQG� VH[XDO
EHKDYLRU�RI�JUD\�ZKDOHV�LQ� WKH�0RQWHUH\�DUHD�RI�FHQWUDO�&DOLIRUQLD�
���������)ish�� %ull��� U�S�� ���� ��������

%URZQHOO��5REHUW�/��-U�� ������:KDOHV��GROSKLQV�DQG�RLO�SURGXFWLRQ��SS�
���������In��6WUDXJKDQ�'���HG����%iological�and�Oceanographic�Survey
of�the�Santa�%arbara�&hannel�Oil�Spill�� ,��%iology�and�%acteriology�
$OODQ�+DQFRFN�)RXQGDWLRQ��8QLY�� RI�6RXWKHUQ�&DOLI���/RV�$QJHOHV��

%U\DQW�� 3�� -�� DQG� /DIIHUW\�� &��0�� ������ 7KH� JUD\� ZKDOHV� RI�/DJXQD
*XHUUHUR�1HJUR�� Whalewatcher� ������� �����

'DUOLQJ�� -�� ������ 7KH� 9DQFRXYHU� ,VODQG� JUD\� ZKDOHV�� Waters�� J�
Vancouver�$quarium������� ������

*DUG��5�� ������$HULDO�FHQVXV�RI�JUD\�ZKDOHV�LQ�%DMD�&DOLIRUQLD�ODJRRQV�
�����DQG� ������ZLWK�QRWHV�RQ�EHKDYLRU��PRUWDOLW\�DQG�FRQVHUYDWLRQ�
&alif�� )ish�Game�������� ��������

*LOPRUH��5��0�� ������$�FHQVXV�RI�WKH�&DOLIRUQLD�JUD\�ZKDOH��U�S��)ish
Wild�� Serv��� Spec�� Sci�� Rep�� )ish�� ����� ��� SS��

+DWOHU��'��)��DQG�'DUOLQJ��-��'�� ������ 5HFHQW�REVHUYDWLRQV�RI�WKH�JUD\
ZKDOH� LQ� %ULWLVK�&ROXPELD�� &an�� )ield�Nat�� ���� ��������

+HU]LQJ�� '�� /�� DQG� 0DWH�� %�� 5�� ������ *UD\� ZKDOH� PLJUDWLRQ� DQG
VXPPHU�DFWLYLWLHV�DORQJ�WKH�2UHJRQ�FRDVW��Mar��Mamm�� Info���'HF�
������ ����

+HU]LQJ�� '�� /�� DQG� 0DWH�� %�� 5�� ,Q� SUHVV�� *UD\� ZKDOH� �(schrichtius
robustus�� PLJUDWLRQV� DORQJ� WKH� 2UHJRQ� FRDVW�� ��������� In�� 0��/�
-RQHV�� 6�� -�� /HDWKHUZRRG� DQG� 6�� /�� 6ZDUW]� �HGV��� The� Gray� Whale�
$FDGHPLF�3UHVV��1HZ�<RUN��

+XEEV��&�� /��DQG�+XEEV��/��&�� ������*UD\�ZKDOH�FHQVXVHV�E\�DLUSODQH
LQ�0H[LFR�� &alif�� )ish�Game�������� ������

-RUGDQ�� '�� 6�� ������ 7KH� FRDVW� RI�&DOLIRUQLD�� In�� *RRGH�*�� %�� �HG���
)isheries�and�)ishery�Industries�of�the� United�States�� �����������6HF�
��� 9RO�� ��� SDUW� ���� �������

/HDWKHUZRRG��-�� 6�� ������$HULDO�REVHUYDWLRQV�RI�PLJUDWLQJ�JUD\�ZKDOHV�
(schrichtius� robustus�� RII� 6RXWKHUQ� &DOLIRUQLD� ������������� Mar�
)ish�� Rev�� ������� ������

0DWH�� %�� 5�� DQG�+DUYH\�� -��7�� ������ $n�evaluation� of�three� radio� tags
applied�to�gray� whales�and�their�utility� in� assessing�whale�movements
and�dive�characteristics��5HS��WR�86�'HSW�,QW��%XU��/DQG�0DW�����SS��

0RUHMRKQ��*��9�� ������$�NLOOHU�ZKDOH�JUD\�ZKDOH�HQFRXQWHU�����Mamm�
���� �������
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3RROH��0��0��,Q�SUHVV��0LJUDWLRQ�FRUULGRUV�RI�JUD\�ZKDOHV��(schrichtius�
robustus�� DORQJ� WKH� FHQWUDO� &DOLIRUQLD� FRDVW�� ��������� In�� 0��/��
-RQHV�� 6�� -�� /HDWKHUZRRG� DQG� 6�� /��6ZDUW]� �HGV��� The� Gray� Whale��
$FDGHPLF�3UHVV��1HZ�<RUN�

5HLOO\�� 6�� %�� ������ 3RSXODWLRQ�DVVHVVPHQW�DQG�SRSXODWLRQ�G\QDPLFV�RI�
WKH� &DOLIRUQLD� JUD\� ZKDOH�� (schrichtius� robustus�� 3K�'�� 7KHVLV�� 8��
:DVKLQJWRQ��6HDWWOH�� ����SS�

5HLOO\�� 6�� %��� 5LFH�� '��:�� DQG� :ROPDQ�� $��$�� ������ 3UHOLPLQDU\�
SRSXODWLRQ� HVWLPDWH� IRU� WKH� &DOLIRUQLD� JUD\� ZKDOH� EDVHG� XSRQ�
0RQWHUH\�VKRUH�FHQVXVHV�� ��������WR����������Rep��int�� Whal��&ommn�
���� �������

5HLOO\�� 6�� %��� 5LFH�� '��:�� DQG� :ROPDQ�� $��$�� ������ 3RSXODWLRQ�
DVVHVVPHQW�RI�WKH�JUD\�ZKDOH��(schrichtius�robustus�� IURP�&DOLIRUQLD�
VKRUH�FHQVXVHV�� ��������� )ish�� %ull��� U�S�� ������� �������

5LFH�� '��:�� ������ &HQVXV� RI� WKH� &DOLIRUQLD� JUD\� ZKDOH�� Norsk�
Hvalfangsttid�� ���� �������

5LFH��'��:��DQG�:ROPDQ��$��$�� ������ The�Life�History�and�(cology�of�
the�Gray� Whale� �(VFKULFKWLXV� UREXVWXV��� $P�� 6RF�� 0DPPDO��� 6SHF��
3XEO�� ��� ���SS�

5LFH��'��:��DQG�:ROPDQ��$��$�� ������3UHOLPLQDU\�UHSRUW�RI�JUD\�ZKDOH�
UHVHDUFK�DW�6FDPPRQ
V�/DJRRQ��%DMD�&DOLIRUQLD��0H[LFR��GXULQJ�WKH�
����� VHDVRQ�� 3DSHU�6&�������SUHVHQWHG� WR� WKH�,:&�6FLHQWLILF�&RP��
PLWWHH�� -XQH� �����

5LFH��'��:���:ROPDQ��$��$���:LWKURZ��'��(��DQG�)OHLVKHU��/��$�� �����

*UD\�ZKDOHV�RQ�WKH�ZLQWHU�JURXQGV�LQ�%DMD�&DOLIRUQLD��Rep��int�� Whal�
&ommn����� ��������

5XJK�� '��-�� DQG� %UDKDP�� +��:�� ������ &DOLIRUQLD� JUD\� ZKDOH�
(schrichtius�robustus�� IDOO�PLJUDWLRQ� WKURXJK�8QLPDN�3DVV��$ODVND�
������ Rep�� int�� Whal�� &ommn����� ��������

6FDPPRQ��&��0�� ������ The�marine�mammals�of�the�northwestern�coast
of�North�$merica��-RKQ�+��&DUPDQ\�&R��� 6DQ�)UDQFLVFR������SS��

6WDUNV�� (��&�� ������ $�KLVWRU\� RI�&DOLIRUQLD� VKRUH�ZKDOLQJ�� &alif�� )ish
Game��)ish�%ull�� ��� ��� SS��

6ZDUW]�� 6�� /�� DQG� -RQHV�� 0��/�� ����D�� *UD\� ZKDOHV�� (schrichtius
robustus��GXULQJ�WKH� �������� DQG� ��������ZLQWHU�VHDVRQ� LQ� /DJXQD
6DQ� ,JQDFLR�� %DMD�&DOLIRUQLD�6XU��0H[LFR�� 86�'HSW�RI�&RPPHUFH�
NTIS�3%����������� ���SS��

6ZDUW]��6�� /��DQG�-RQHV��0��/�� ����E��'HPRJUDSKLF�VWXGLHV�DQG�KDELWDW
DVVHVVPHQW� RI� JUD\� ZKDOHV�� (schrichtius� robustus�� LQ� /DJXQD� 6DQ
,JQDFLR��%DMD�&DOLIRUQLD�6XU��0H[LFR��86�'HSW�RI�&RPPHUFH��NTIS
3%����������� ���SS��

6ZDUW]��6�� /�� DQG�-RQHV��-�� /�� ������*UD\�ZKDOH��(schrichtius�robustus�
FDOI�SURGXFWLRQ� DQG�PRUWDOLW\� LQ� WKH� ZLQWHU� UDQJH�� Rep�� int�� Whal�
&ommn����� ��������

7RZQVHQG��&��+�� ������ 3UHVHQW�FRQGLWLRQ�RI�WKH�&DOLIRUQLD�JUD\�ZKDOH
ILVKHU\��%ull�� U�S�� )ish� &ommn� ��� ��������

:ROPDQ��$��$��DQG�5LFH��'��:�� ������&XUUHQW�VWDWXV�RI�WKH�JUD\�ZKDOH�
Rep�� int�� Whal�� &ommn����� ������
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