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$%675$&7
6NLQ�ELRSV\�VDPSOHV�KDYH�EHHQ�REWDLQHG�IURP� ����1RUWK�$WODQWLF�(Eubalaena glacialis) DQG�
��� 6RXWK�$WODQWLF� (E. australis) ULJKW�ZKDOHV�� 6DUQSOHV�YDULHG� LQ� VL]H� IURP� OHVV� WKDQ�����J�WR�
����J� ZLWK� DQ� DYHUDJH� RI�����J�� 7KH� DPRXQW� RI� '1$� LVRODWHG� IURP� ��� VDPSOHV� DYHUDJHG�
���XJ�J� RI� WLVVXH�� 0DQ\� RI� WKH� '1$� VDPSOHV� FRQWDLQHG� ORZ� PROHFXODU� ZHLJKW� '1$��
KRZHYHU��DOO�EXW�RQH�VDPSOH�KDG�PW'1$�RI�VXIILFLHQW�TXDOLW\�IRU�UHVWULFWLRQ�IUDJPHQW�OHQJWK�
SRO\PRUSKLVP� �5)/3�� DQDO\VLV�
'1$�VDPSOHV�IURP� ���1RUWK�$WODQWLF�DQG� ���6RXWK�$WODQWLF�ZKDOHV�ZHUH�GLJHVWHG�ZLWK� ���

UHVWULFWLRQ� HQ]\PHV� DQG� VXUYH\HG� IRU� 5)/3V� XVLQJ� WKH� ZKROH� FORQHG�PRXVH�PLWRFKRQGULDO�
'1$�DV�D�SUREH�� $�WRWDO�RI�VHYHQ�FRPSRVLWH�UHVWULFWLRQ�IUDJPHQW�OHQJWK�PRUSKV�ZHUH�IRXQG�
ZKLFK� GLIIHUHG� IURP�RQH� DQRWKHU�E\�RQH�RU�PRUH� UHVWULFWLRQ� VLWHV�� 7KUHH�FRPSRVLWH�PRUSKV�
ZHUH�SUHVHQW�DPRQJ�WKH�1RUWK�$WODQWLF�VDPSOHV�DQG�IRXU�DPRQJ�WKH�6RXWK�$WODQWLF�VDPSOHV��
DOO�FRPSRVLWH�PRUSKV�ZHUH�VSHFLHV�VSHFLILF��:LWKLQ�SRSXODWLRQ�QXFOHRWLGH�GLYHUJHQFH�(n) ZDV�
HVWLPDWHG�DV������� IRU�(��JODFLDOLV�DQG������� IRU�E. australis. 7KH�JHQHWLF�GLVWDQFH�EHWZHHQ�
WKH� 1RUWK� DQG� 6RXWK� $WODQWLF� ULJKW� ZKDOHV� ZDV� ������ VXJJHVWLQJ� WKDW� WKH� WZR� GLYHUJHG�
EHWZHHQ� DSSUR[LPDWHO\����� WR� ����PLOOLRQ� \HDUV� DJR�

.H\ZRUGV�� ULJKW�ZKDOHV�� 1RUWK� $WODQWLF�� 6RXWK� $WODQWLF�� JHQHWLFV�� WD[RQRP\�� HYROXWLRQ�

,1752'8&7,21

3ULRU�WR�WKH���WK�FHQWXU\��ULJKW�ZKDOHV��JHQXV�Eubalaena) DUH�EHOLHYHG�WR�KDYH�KDG�D�ZRUOG�
ZLGH� DEXQGDQFH� RI� �������� WR� �������� �%UDKDP� DQG� 5LFH�� ������� ([WHQVLYH� ZKDOLQJ�
RSHUDWLRQV�RYHU�WKH�VXEVHTXHQW�IRXU�DQG�D�KDOI�FHQWXULHV�VHYHUHO\�GHSOHWHG�WKH�ULJKW�ZKDOH�
SRSXODWLRQV� DQG� FXUUHQW� HVWLPDWHV� VXJJHVW� WKDW� WKHUH� DUH� OHVV� WKDQ� ���� QRUWKHUQ� ULJKW�
ZKDOHV�(E. glacialis} �,:&�� �������RI�ZKLFK�DSSUR[LPDWHO\�����DUH�ORFDWHG�LQ�WKH�QRUWKZHVW
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$WODQWLF�SRSXODWLRQ� �.UDXV�� ������ *DVNLQ�� ������� DQG�DQ� HVWLPDWHG�������VRXWKHUQ� ULJKW�
ZKDOHV� (E. australis) �%UDKDP�DQG�5LFH�� ������ ,:&�� ������RI�ZKLFK�DSSUR[LPDWHO\� ������
UHVLGH� LQ� WKH�6RXWK�$WODQWLF� �3D\QH�et al., ������
7KH� 6RXWK� $WODQWLF� ULJKW� ZKDOH� LV� VLPLODU� LQ� DSSHDUDQFH� DQG� EUHHGLQJ� ELRORJ\� WR� WKH�

1RUWK�$WODQWLF�ULJKW�ZKDOH��EXW��EHFDXVH�RI�LWV�JHRJUDSKLFDO�GLVWULEXWLRQ�� LWV�UHSURGXFWLYH�
F\FOH� LV� VL[� PRQWKV� RXW� RI� SKDVH� �%UDKDP� DQG� 5LFH�� ������� $V� D� UHVXOW�� QRUWKHUQ� DQG�
VRXWKHUQ�ULJKW�ZKDOHV�DUH�DVVXPHG�WR�EH�UHSURGXFWLYHO\�LVRODWHG�DQG�DUH�FRQVLGHUHG�WR�EH�
VHSDUDWH�VSHFLHV� �0XOOHU�� ������ 6FKHYLOO� et al., ������
1RUWKHUQ� DQG� VRXWKHUQ� ULJKW� ZKDOHV� KDYH� EHHQ� SURWHFWHG� LQWHUQDWLRQDOO\� IURP�

FRPPHUFLDO�ZKDOLQJ�VLQFH�WKH�����V��'HVSLWH�WKLV�SURWHFWLRQ�WKH�1RUWK�$WODQWLF�SRSXODWLRQ�
LV� QRW�VKRZLQJ�VLJQLILFDQW�VLJQV�RI�UHFRYHU\� �.UDXV�� ������ *DVNLQ�� ������� ,Q�FRQWUDVW�� WKH�
6RXWK�$WODQWLF�ULJKW�ZKDOH�SRSXODWLRQ�LV�HVWLPDWHG�WR�EH�JURZLQJ�DW�D�UDWH�RI������SHU�\HDU�
�3D\QH�etal., ������
,Q�WKH�FXUUHQW�VWXG\��WKH�DPRXQW�RI�JHQHWLF�YDULDWLRQ�ZLWKLQ�DQG�EHWZHHQ�WKH�1RUWK�DQG�

6RXWK� $WODQWLF� ULJKW� ZKDOHV� ZDV� DVVHVVHG� LQ� RUGHU� WR� H[DPLQH� WKHLU� WLPH� RI� JHQHWLF�
GLYHUJHQFH�� 7KH� OHYHO� RI�JHQHWLF�YDULDWLRQ�ZDV� DVVHVVHG� XVLQJ�PLWRFKRQGULDO� �PW�� '1$�
UHVWULFWLRQ�IUDJPHQW�OHQJWK�SRO\PRUSKLVPV��5)/3V���DQ�DSSURDFK�WKDW�UHTXLUHV�YHU\�OLWWOH�
WLVVXH�DQG�FDQ�GHWHFW�ORZ�OHYHOV�RI�JHQHWLF�YDULDWLRQ��VHH�'LVFXVVLRQ�EHORZ��� 6NLQ�VDPSOHV�
ZHUH�REWDLQHG� E\� UHPRWH�ELRSV\� GDUWLQJ�RI�IUHH�UDQJLQJ� ULJKW�ZKDOHV� �%URZQ� et al., WKLV�
YROXPH�� /DPEHUWVHQ�� ������ /DPEHUWVHQ�et al., ������ 0DWWKHZV�etal., ������
0W'1$� KDV� D� QXPEHU� RI� FKDUDFWHULVWLFV� WKDW� PDNH� LW� DQ� DWWUDFWLYH� WRRO� IRU� JHQHWLF�

VWXGLHV� WKDW� ORRN�DW�FORVHO\�UHODWHG� LQGLYLGXDOV� DQG�VSHFLHV�� $QLPDO�PW'1$�LV� D�GRXEOH��
VWUDQGHG��FLUFXODU�PROHFXOH��DSSUR[LPDWHO\��������EDVH�SDLUV��ES��LQ�OHQJWK��ZKLFK�HYROYHV�
ILYH� WR� ��� WLPHV� DV�TXLFNO\� DV� QXFOHDU�'1$� �%URZQ�et al., ������ ������� 7KLV�KLJK� UDWH�RI�
HYROXWLRQ�� ZKLFK� PD\� EH� GXH� WR� DQ� LQHIIHFWLYH� UHSDLU� V\VWHP�� UHVXOWV� LQ� D� KLJK� OHYHO� RI�
LQWUDVSHFLILF�YDULDWLRQ��%URZQ�etal., ������ �������)XUWKHU��PW'1$�LV�LQKHULWHG�PDWHUQDOO\�
E\� WUDQVPLVVLRQ� WKURXJK�WKH� HJJ�F\WRSODVP�ZLWKRXW� SDWHUQDO� OHDNDJH� �$YLVH�et al., ������
/DQVPDQ� et al., ������ .HVVOHU� DQG� $YLVH�� ������ &DQQ� et al., ������� ZKLFK� PHDQV� WKDW�
PXWDWLRQDO�FKDQJHV�LQ� WKH�PROHFXOH�DUH�VLPSOHU�DQG�PRUH�HDVLO\�PRGHOOHG�WKDQ�DUH� WKRVH�
ZLWKLQ� QXFOHDU�'1$�� VLQFH� WKH� ODWWHU� LV� DOVR� LQIOXHQFHG� E\� WKH� HIIHFWV� RI�UHFRPELQDWLRQ�
�0RQQDW�DQG�/RHE�� ������� 7KHVH�FKDUDFWHULVWLFV�PDNH�PW'1$�5)/3�DQDO\VLV�XVHIXO�IRU�
WKH� DVVHVVPHQW� RI�JHQHWLF�YDULDWLRQ�ERWK�ZLWKLQ� DQG�EHWZHHQ�FORVHO\� UHODWHG�VSHFLHV�

352&('85(6
7LVVXH�VDPSOHV
,Q� �����DQG� ������ VNLQ�VDPSOHV�ZHUH�FROOHFWHG�IURP�WKH�1RUWK�$WODQWLF�ULJKW�ZKDOHV�LQ� WKH�
%D\� RI�)XQG\� DQG� WKH� FRQWLQHQWDO� VKHOI� RI� WKH� $WODQWLF� FRDVW� RI�1RYD� 6FRWLD� EHWZHHQ�
%URZQV� DQG� %DFFDUR� %DQNV�� DQG� IURP� LQGLYLGXDOV� IURP� WKH� 6RXWK� $WODQWLF� SRSXODWLRQ�
IRXQG�RII�WKH�VKRUHV�RI�$UJHQWLQD�DURXQG�3HQLQVXOD�9DOGHV��7KH�ZKDOHV�ZHUH�GDUWHG�DW�D�
UDQJH� RI� ����P�� XVLQJ� FURVVERZV� DQG� DUURZV� ILWWHG� ZLWK� ELRSV\� WLSV�� >)RU� GHWDLOV�� VHH�
%URZQ�et al., WKLV�YROXPH�@

'1$�H[WUDFWLRQ
:KROH�'1$��QXFOHDU�DQG�PLWRFKRQGULDO��ZDV�H[WUDFWHG�E\�ILUVW�JULQGLQJ�WKH�IUR]HQ�WLVVXH�
DQG�����PO�RI��0�XUHD�����0�1D&O�� O22P0�7ULV�+&O��S+������������ Q�ODXUR\OVDUFRVLQH��
DQG� O2P0�('7$�WR�D�ILQH�SRZGHU�ZLWK�D�PRUWDU�DQG�SHVWOH�FRROHG�ZLWK� OLTXLG�QLWURJHQ��
6DPSOHV�ZHUH�WKHQ�LQFXEDWHG�IRU�WZR�GD\V�DW����&��3URWHLQDVH�.�����XQLWV��ZDV�DGGHG�DQG�
WKH� VDPSOHV� UHWXUQHG� WR� ���&� IRU� RQH� GD\�� 7R� ILQLVK� WKH� H[WUDFWLRQ�� HDFK� VDPSOH� ZDV�
H[WUDFWHG�RQFH�ZLWK�RQH�YROXPH�RI�SKHQRO�FKORURIRUP�LVRDP\O�DOFRKRO�DQG�RQFH�ZLWK�RQH
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YROXPH�RI�FKORURIRUP�LVRDP\O�DOFRKRO��)LQDOO\�WKH�'1$�ZDV�SUHFLSLWDWHG�E\�WKH�DGGLWLRQ�
RI����0�VRGLXP� DFHWDWH�DQG� WZR�YROXPHV�RI����� LVRSURSDQRO� DW� URRP� WHPSHUDWXUH� DQG�
FHQWULIXJHG�IRU����PLQXWHV�DW��������[�J��7KH�UHVXOWDQW�SHOOHW�ZDV�GLVVROYHG�LQ� ���PO� O2P0�
7ULV�+&O��S+���� O2P0�1D&O��DQG��P0�('7$��S+�������7KH�TXDOLW\�DQG�TXDQWLW\�RI�WKH�
LVRODWHG�'1$�ZDV�GHWHUPLQHG�E\� DJDURVH� JHO� HOHFWURSKRUHVLV� �0DQLDWLV�et al., ������

5)/3�DQDO\VLV
7RWDO� '1$� �QXFOHDU�DQG�PLWRFKRQGULDO�� IURP� ��� QRUWKHUQ� DQG� ��� VRXWKHUQ� ULJKW�ZKDOH�
VDPSOHV�ZDV�GLJHVWHG�ZLWK����UHVWULFWLRQ�HQ]\PHV�UHFRJQL]LQJ�VHTXHQFHV�RI�IRXU�RU�VL[�EDVH�
SDLUV�(Apa ,��Ava ,��Bal ,��BamH ,��Bgl ,��BstE ,,��Cla ,��Hha ,��Sin ,� DQG�Stu ,��DFFRUGLQJ�
WR�WKH�PDQXIDFWXUHU
V��%HWKHVGD�5HVHDUFK�/DERUDWRULHV��GLUHFWLRQV��7KHVH�HQ]\PHV�ZHUH�
FKRVHQ�IURP�D� ODUJH�QXPEHU�RI�HQ]\PHV�LQLWLDOO\�VXUYH\HG�EHFDXVH�WKH\�SURGXFHG�VHYHUDO�
HDVLO\� VFRUDEOH� IUDJPHQWV�� $IWHU� GLJHVWLRQ�� WKH� UHVXOWDQW� '1$� IUDJPHQWV� ZHUH�
HOHFWURSKRUHVHG�WKURXJK���FP������ DJDURVH�JHOV�DW����YROWV�IRU�DSSUR[LPDWHO\� ��� KRXUV��
WUDQVIHUUHG�WR�Q\ORQ�PHPEUDQHV�E\�6RXWKHUQ�EORWWLQJ��6RXWKHUQ��������DQG�SUREHG�ZLWK�D�
UDGLRDFWLYHO\� ODEHOOHG� FORQHG� S$0� �� PW'1$� SUREH� ZKLFK� FRQWDLQV� WKH� HQWLUH� PRXVH�
PW'1$� �0DUWLQ� DQG� &OD\WRQ�� ������� 7KH� SUREH� ZDV� ODEHOOHG� YLD� SULPHU� H[WHQVLRQ�
�0DQLDWLV�et al. �� ������

5(68/76

,Q� WKH�SDVW� WZR�\HDUV�D� WRWDO�RI����� VDPSOHV�KDYH�EHHQ�FROOHFWHG�� UHSUHVHQWLQJ� ����1RUWK�
$WODQWLF�DQG����6RXWK�$WODQWLF�LQGLYLGXDOV��7KH�DPRXQW�RI�WLVVXH�REWDLQHG�IURP�WKH�ILUVW����
VDPSOHV�SURFHVVHG�YDULHG�IURP�OHVV�WKDQ�����J�WR�����J��DYHUDJLQJ�DSSUR[LPDWHO\�����J�SHU�
ELRSV\� SOXJ� �7DEOH� ���� 7KH� DPRXQW�RI�'1$� LVRODWHG� IURP� WKHVH� VNLQ� VDPSOHV�DYHUDJHG�
���X��J�RI�WLVVXH��0RVW�RI�WKH�'1$�FRQWDLQHG�VRPH�PROHFXOHV� OHVV� WKDQ���NE� LQ� OHQJWK��
KRZHYHU�� DOO� EXW�RQH� VDPSOH� KDG�PW'1$�RI�VXIILFLHQW�TXDOLW\� IRU�WKH�PW'1$�DQDO\VLV�

7DEOH��

6XPPDU\�RI�'1$�\LHOGV�IURP�1RUWK��(JO��DQG�6RXWK��(DX��$WODQWLF�
ULJKW�ZKDOH�VNLQ�ELRSV\�VDPSOHV
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7KH�PW'1$�ZDV�VXUYH\HG�IRU�5)/3V�LQ� ���1RUWK�$WODQWLF�DQG� ���6RXWK�$WODQWLF�ULJKW�
ZKDOHV�XVLQJ�QLQH��ES�DQG�RQH��ES�UHFRJQLWLRQ�VLWH� UHVWULFWLRQ�HQ]\PHV�DQG�SUREHG�ZLWK�
S$0O�� )RUW\�WKUHH� WR� ��� UHVWULFWLRQ� VLWHV� ZHUH� VFRUHG� IRU� HDFK� LQGLYLGXDO� UHSUHVHQWLQJ�
������ RI� WKH� DSSUR[LPDWHO\� ������ES� PW'1$� JHQRPH�� 7KH� PDMRULW\� RI� WKH�
SRO\PRUSKLVPV� REVHUYHG� FRXOG� EH� H[SODLQHG� E\� WKH� DGGLWLRQ� RU� GHOHWLRQ� RI� D� VLQJOH�
UHVWULFWLRQ�VLWH��)RU�H[DPSOH��Cla ,�JHQHUDWHG�WKUHH�SDWWHUQV��)LJ�� ���� 3DWWHUQ�%� FRQVLVWHG�
RI�RQH� ����� NE�IUDJPHQW��ZKLOH�SDWWHUQV�$�DQG�&�ERWK�KDG�WZR�VPDOOHU�IUDJPHQWV�ZKLFK�
VXPPHG�WR������NE��$������NE�DQG����NE��&������NE�DQG���NE���7KH�SDWWHUQV�JHQHUDWHG�E\�
Ava ,�DQG�Hha ,�GLG�QRW�ILW�WKLV�PRGHO��Ava ,�SURGXFHG�WKUHH�SDWWHUQV��3DWWHUQV�$�����������
DQG� ���� NE�� DQG�%� ������ ����� ����� ���� NE�� FRXOG� EH� H[SODLQHG�E\� D� VLQJOH� UHVWULFWLRQ� VLWH�
FKDQJH�ZKLFK�SURGXFHG�D�VLQJOH�����NE�IUDJPHQW�LQ�$�DQG�WZR�IUDJPHQWV������DQG�����NE��LQ�
%�� 3DWWHUQ�&� VKDUHG� DOO� WKH� IUDJPHQWV� LQ� %� H[FHSW� WKH����� NE�EDQG�EXW�GLG� QRW�KDYH�DQ\

�.E��

5(675,&7,21� (1=<0(� 0253+6

$YDO� $SDO� &OD� �� +KD�,� %DOO� %DP+�,� %JO�,�
$%&$$%&$%� $� $� %� $� %

%WW(� ���
$� %

6LQ��� 6WX� ,�
$� %� $� %

���

)LJ�� ��� $XGLRUDGLRJUDSK� VKRZLQJ� UHSUHVHQWDWLYH� UHVWULFWLRQ� PRUSKV� IRU� WKH� ,2� HQ]\PHV� XVHG� WR� VXUYH\�
Eubalaena PW'1$�
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7DEOH��

Eubalaena FRPSRVLWH� UHVWULFWLRQ�IUDJPHQW� OHQJWK�PRUSKV�� $OO� HQ]\PHV�H[FHSW�Hha ,� DUH� VL[� EDVH� SDLU�
UHFRJQLWLRQ�VLWH� UHVWULFWLRQ�HQGRQXFOHDVHV��Hha ,� LV� D� IRXU�EDVH�SDLU�UHVWULFWLRQ�HQ]\PH�

(Q]\PH�SKHQRW\SHV

0RUSK� $SDO� $YDO� %DOO� %DP+,� %JOO� %VW(,,� &ODO +KDO 6LQ,� 6WX,
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DGGLWLRQDO�EDQGV� WR� DFFRXQW� IRU� WKH�PLVVLQJ����� NE�SLHFH�� 6LPLODUO\�� WKH� EDQGV� IURP� WKH�
VHFRQG�SDWWHUQ��%��JHQHUDWHG�E\�Hha ,�DFFRXQWHG�IRU�RQO\������NE��OHDYLQJ�DSSUR[LPDWHO\�
����NE�XQDFFRXQWHG�IRU��7KH�VDPSOHV�ZKLFK�JHQHUDWHG�SDWWHUQV�Ava ,� &�DQG�Hha ,�%�ZHUH�
WHVWHG�D�QXPEHU�RI�WLPHV�WR�HVWDEOLVK�WKDW�WKH\�ZHUH�QRW�WKH�UHVXOW�RI�LQFRPSOHWH�GLJHVWLRQ��
7KHUH� FRXOG� EH� DGGLWLRQDO� UHFRJQLWLRQ� VLWHV� SUHVHQW� ZKLFK� UHGXFH� WKH� '1$� WR� VPDOO�
IUDJPHQWV�ZKLFK�ZHUH� QRW�VHHQ�RQ� WKH� DXGLRUDGLRJUDSKV�
(DFK�GLVWLQFWLYH�SDWWHUQ��PRUSK��REWDLQHG�IRU�D�JLYHQ�HQ]\PH�ZDV�DVVLJQHG�D�OHWWHU��)LJ��

����$�FRPSRVLWH�UHVWULFWLRQ�PRUSK�ZDV�WKHQ�HVWDEOLVKHG�IRU�HDFK�LQGLYLGXDO�FRQVLVWLQJ�RI�D�
VHULHV� RI�OHWWHUV�� HDFK� RI�ZKLFK� UHSUHVHQWHG� WKH� SDWWHUQ� H[SUHVVHG� IRU� D� VSHFLILF� HQ]\PH�
�/DQVPDQ�etal., ������
6HYHQ� RXW� RI� WKH� WHQ� HQ]\PHV� WHVWHG� JHQHUDWHG� PRUH� WKDQ� RQH� EDQGLQJ� SDWWHUQ�

SURGXFLQJ�D� WRWDO�RI�VHYHQ�FRPSRVLWH�UHVWULFWLRQ�PRUSKV�DPRQJ�WKH����VDPSOHV�VXUYH\HG�
�7DEOH����� WKUHH�FRPSRVLWH� UHVWULFWLRQ�PRUSKV�ZHUH�SUHVHQW� LQ� WKH�QRUWKHUQ�VDPSOHV�DQG�
IRXU�GLIIHUHQW�RQHV�ZHUH�SUHVHQW� LQ� WKH� VRXWKHUQ� �7DEOH����
7KH� DYHUDJH� QXFOHRWLGH� GLYHUJHQFH� EHWZHHQ� WKH� FRPSRVLWH� UHVWULFWLRQ� PRUSKV� ZDV�

HVWLPDWHG�E\� D� SDLUZLVH� FRPSDULVRQ�RI�VKDUHG� DQG� XQVKDUHG� UHVWULFWLRQ� VLWHV�� ZKHUH� WKH�
IHZHU�VKDUHG�VLWHV�WKHUH�DUH�EHWZHHQ�WZR�VDPSOHV��WKH�OHVV�FORVHO\�UHODWHG�WKH\�DUH��1HL�DQG�
/L�� ������� %HFDXVH�PW'1$�LV� D�FLUFXODU�PROHFXOH�� WKH�QXPEHU�RI�UHVWULFWLRQ�VLWHV�HTXDOV�
WKH� QXPEHU� RI� UHVWULFWLRQ� IUDJPHQWV� �EDQGV�� REVHUYHG�� �)RU� WKHVH� FDOFXODWLRQV� Ava ,�
SDWWHUQ�&�ZDV�DVVXPHG�WR�KDYH�DW�OHDVW�ILYH�EDQGV��Hha ,�SDWWHUQ�%�ZDV�DVVXPHG�WR�KDYH�DW�
OHDVW� QLQH��� $PRQJ� WKH� 1RUWK� $WODQWLF� VDPSOHV� WKH� DYHUDJH� QXFOHRWLGH� GLYHUJHQFH� ZDV�
������ DQG�DPRQJ� WKH�6RXWK�$WODQWLF�VDPSOHV� LW� ZDV�������

7DEOH��

'LVWULEXWLRQ�DQG�IUHTXHQF\�of Eubalaena FRPSRVLWH�UHVWULFWLRQ�IUDJPHQW�OHQJWK�PRUSKV�
)RU�WKH�1RUWK�$WODQWLF�VDPSOHV�1� �����IRU�WKH�6RXWK�$WODQWLF�VDPSOHV�1� � ���

$OO�FRPSRVLWH�PRUSKV�ZHUH�VSHFLHV�VSHFLILF�

0RUSK /RFDWLRQ )UHTXHQF\ 0RUSK /RFDWLRQ )UHTXHQF\
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,QWHUVSHFLILF�YDULDWLRQ�ZDV�SUHVHQW�IRU�IRXU�RI�WKH� WHQ�HQ]\PHV�WHVWHG��$OO�RI�WKH� VHYHQ�
FRPSRVLWH�PRUSKV�SURGXFHG�ZHUH�VSHFLHV�VSHFLILF��7KH�JHQHWLF�GLVWDQFH��G��WKH�GLYHUJHQFH�
EHWZHHQ� WKH� WZR� VSHFLHV� DIWHU� DGMXVWPHQW� IRU�ZLWKLQ� SRSXODWLRQ� GLYHUVLW\���1HL� DQG� /L��
������ EHWZHHQ� WKH�1RUWK�$WODQWLF�DQG�6RXWK�$WODQWLF�VDPSOHV�ZDV� ������

',6&866,21
5HPRWH� ELRSV\� GDUWLQJ� RI� WKH� IUHH� UDQJLQJ� ULJKW� ZKDOHV� KDV� SURYHQ� WR� EH� D� VXFFHVVIXO�
PHWKRG�IRU�REWDLQLQJ�WKH�'1$�QHFHVVDU\�IRU�JHQHWLF�DQDO\VHV�� 6XIILFLHQW�'1$�IRU�PDQ\�
RI�WKH�PROHFXODU�WHFKQLTXHV�FXUUHQWO\�EHLQJ�XVHG�IRU�SRSXODWLRQ�VWXGLHV��H�J��+RHO]HO�DQG�
$PRV�� ������ 6WHYHQV�et al., ������ %DNHU�et al., ������ +HOELJ�et al., ������ FDQ�EH� LVRODWHG�
IURP�D�VLQJOH�VNLQ�VDPSOH��+HQFH��WKLV�UHODWLYHO\�QRQLQWUXVLYH�SURFHGXUH��%URZQ�etal. �� WKLV�
YROXPH�� VKRXOG� SHUPLW� WKH� VDPSOLQJ� DQG� VXEVHTXHQW� JHQHWLF� DQDO\VLV� RI� VSHFLHV� ZKLFK�
SUHYLRXVO\�KDYH�EHHQ�LQDFFHVVLEOH�GXH� WR�WKH�ODFN�RI�QRQGHVWUXFWLYH�PHWKRGV�RI�DFTXLULQJ�
WKH� QHFHVVDU\�'1$�
'XH� WR� WKHLU� JHRJUDSKLF� ORFDWLRQV�� WKH� 1RUWK� DQG� 6RXWK� $WODQWLF� ULJKW� ZKDOHV� DUH�

DVVXPHG� WR� EH� UHSURGXFWLYHO\� LVRODWHG� �%UDKDP� DQG� 5LFH�� ������� 6NHOHWDO� GDWD� DOVR�
SURYLGH� HYLGHQFH� WKDW� WKH� ULJKW�ZKDOHV� DUH� VHSDUDWH� VSHFLHV� �0XOOHU�� ������� 3UHOLPLQDU\�
PW'1$� 5)/3� GDWD� VXSSRUW� WKLV� FODVVLILFDWLRQ� VLQFH� QRQH� RI� WKH� VHYHQ� FRPSRVLWH�
UHVWULFWLRQ�PRUSKV�LGHQWLILHG�ZHUH�FRPPRQ�WR�ERWK�WKH�1RUWK�DQG�6RXWK�$WODQWLF�ZKDOHV��
)XUWKHUPRUH�� WKH�5)/3�DQDO\VLV� LQGLFDWHG� WKDW� WKH� QXFOHRWLGH�GLYHUVLW\� �G��EHWZHHQ� WKH�
1RUWK� DQG�6RXWK�$WODQWLF� ULJKW�ZKDOHV�ZDV� ������� $VVXPLQJ� D� ����� SHU�PLOOLRQ� \HDUV�
UDWH�RI�PW'1$�GLYHUJHQFH� �%URZQ�� ������:LOVRQ�et al. �� ������� WKLV�VXJJHVWV�WKDW�WKH�WZR�
DUH�JHQHWLFDOO\�LVRODWHG��KDYLQJ�GLYHUJHG�DSSUR[LPDWHO\������WR������PLOOLRQ�\HDUV�DJR��7KH�
WLPH�RI�GLYHUJHQFH�ZLOO� EH� UH�DVVHVVHG�E\� DPSOLI\LQJ�DQG�GLUHFWO\�VHTXHQFLQJ�SRUWLRQV�RI�
WKH� PW'1$�� +RZHYHU�� EHFDXVH� ULJKW� ZKDOHV� ZHUH� GHSOHWHG� VHYHUHO\� E\� FRPPHUFLDO�
ZKDOLQJ�� WKH�FXUUHQW�ZLWKLQ� SRSXODWLRQ�YDULDQFH� �G ������ LQ� WKH�QRUWKHUQ� VDPSOHV�DQG�
������ LQ� WKH�VRXWKHUQ�VDPSOHV�� LV�SUREDEO\�PXFK�ORZHU�WKDQ�LW�ZDV�ZKHQ�WKH�WZR�VSHFLHV�
GLYHUJHG�� $V� D� UHVXOW�� WKH� DSSDUHQW� WLPH� RI�GLYHUJHQFH� EHWZHHQ� WKH� FXUUHQW� FRPSRVLWH�
PRUSKV� PD\� EH� JUHDWHU� WKDQ� WKH� WLPH� RI�JHQHWLF� LVRODWLRQ� RI� WKH� WZR� SRSXODWLRQV� �1HL��
������
$OWKRXJK� WKLV� SUHOLPLQDU\�DQDO\VLV�DOORZV�RQO\� D� UHODWLYHO\� ORZ� OHYHO�RI�UHVROXWLRQ�� WKH�

ORZ� ZLWKLQ� VSHFLHV� JHQHWLF� GLVWDQFHV� REWDLQHG� IRU� WKH� 1RUWK� DQG� 6RXWK� $WODQWLF�ZKDOHV�
�QXFOHRWLGH� GLVWDQFH� n= ������ DQG� ������� UHVSHFWLYHO\�� DUH� FRQVLVWHQW� ZLWK� WKH�
K\SRWKHVLV� WKDW�JHQHWLF�YDULDWLRQ�KDV�EHHQ�GLPLQLVKHG� LQ� WKHVH� VSHFLHV�E\�RYHU�KXQWLQJ�

$&.12:/('*(0(176
:H� ZRXOG� OLNH� WR� WKDQN� 5HH� +HOELJ�� +DUULHW� &RUEHWW�� DQG� &KULV� 6OD\� IRU� WKHLU� KHOS� LQ�
REWDLQLQJ�WKH�ELRSV\�VDPSOHV��$V�ZHOO��ZH�ZLVK�WR�WKDQN�6FRWW�%DNHU��6FKRRO�RI�%LRORJLFDO�
6FLHQFHV�� 9LFWRULD� 8QLYHUVLW\�� :HOOLQJWRQ�� :HOOLQJWRQ�� 1HZ� =HDODQG�� DQG� %LOO� $PRV�
�'HSDUWPHQW�RI�*HQHWLFV��&DPEULGJH�8QLYHUVLW\��'RZQLQJ�6WUHHW��&DPEULGJH��8.�&%��
�(+�� IRU� UHYLHZLQJ� WKH� PDQXVFULSW�� )XQGLQJ� IRU� WKLV� VWXG\� ZDV� VXSSOLHG� E\� WKH� ,VODQG�
)RXQGDWLRQ��0DULDQ��0DVV����WKH�1DWLRQDO�6FLHQFHV�DQG�(QJLQHHULQJ�5HVHDUFK�&RXQFLO�RI�
&DQDGD��DQG�WKH�0DULQH�)LVKHULHV�6HUYLFH�� 'DUWLQJ�DFWLYLWLHV�ZHUH�FRQGXFWHG�SXUVXDQW�WR�
6HFWLRQ���E��RI�&HWDFHDQ�3URWHFWLRQ�5HJXODWLRQV�XQGHU�OLFHQVH�����������DQG� ����������
LVVXHG� WR�'U�� '�� *DVNLQ� DW� WKH�8QLYHUVLW\�RI�*XHOSK�

5()(5(1&(6
$YLVH��-�&���6KDSLUR��-�)���'DQLHO��6�:���$TXDGUR��&�)�� DQG�/DQVPDQ�� 5�$�� ������ 0LWRFKRQGULDO�'1$�
GLIIHUHQWLDWLRQ�GXULQJ�WKH� VSHFLDWLRQ� SURFHVV� LQ� Peromyscus. Mol. Biol. Evol. ��������
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%DNHU��&�6���3DOXPEL��6�5���/DPEHUWVHQ��5�+���:HLQULFK��0�7���&DODPERNLGLV��-��DQG�2
%ULHQ��6-�������
,QIOXHQFH� RI� VHDVRQDO� PLJUDWLRQ� RQ� JHRJUDSKLF� GLVWULEXWLRQ� RI� PLWRFKRQGULDO� '1$� KDSORW\SHV� LQ
KXPSEDFN�ZKDOHV�� Nature, Land. �������������A��

%UDKDP�� +�:�� DQG� 5LFH�� '�:�� ������ 7KH� ULJKW�ZKDOH�� Balaena glacialis. Mar. Fish. Rev. ����������
%URZQ�� 0�:��� .UDXV�� 6�'�� DQG� *DVNLQ�� '�(�� 5HDFWLRQ� RI� 1RUWK� $WODQWLF� ULJKW� ZKDOHV� (Eubalaena

glacialis) WR�VNLQ� ELRSV\� VDPSOLQJ�IRU�JHQHWLF� DQG� SROOXWDQW� DQDO\VLV�� �3XEOLVKHG� LQ� WKLV� YROXPH���
%URZQ�� :�0�� ������ (YROXWLRQ� RI�PLWRFKRQGULDO� '1$�� SS�� ������� In: 0�� 1FL� DQG� 5�.�� .RHKQ� �HGV��

Evolution of Genes and Proteins. 6LQDXHU�� 6XQGHUODQG��0$��
%URZQ��:�0���*HRUJH�� 0�� DQG�:LOVRQ�� $�&�� ������ 5DSLG�HYROXWLRQ�RI�PLWRFKRQGULDO� '1$�� Proc. NAS

(U.S.) �������������
%URZQ�� :�0��� 3UDJHU�� (�0��� :DQJ�� $�� DQG� :LOVRQ�� $�&�� ������ 0LWRFKRQGULDO� '1$� VHTXHQFHV� RI
SULPDWHV�� 7HPSR�DQG�PRGH�RI�HYROXWLRQ�� J. Mol. Evol. �����������

&DQQ�� 5�&��� 6WRQHNLQJ�� 0�� DQG�:LOVRQ�� $�&�� ������ 0LWRFKRQGULDO� '1$� DQG� KXPDQ�HYROXWLRQ�� Nature,
Land. ����������

*DVNLQ�� '�(�� ������ 8SGDWHG� VWDWXV�RI� WKH� ULJKW� ZKDOH�� Eubalaena glacialis, LQ� &DQDGD�� Can. Field Nat.
�����������������

+HOELJ�� 5��� %RDJ�� 3�7�� DQG� :KLWH�� %�1�� ������ 6WRFN� LGHQWLILFDWLRQ� RI� EHOXJD� ZKDOHV� (Delphinapterus
leucas) XVLQJ�PLWRFKRQGULDO� '1$�PDUNHUV�� SUHOLPLQDU\� UHVXOWV�� Musk Ox ����������

+RHO]HO�� $�5�� DQG� $PRV�� :�� ������ '1$� ILQJHUSULQWLQJ� DQG� 
VFLHQWLILF
� ZKDOLQJ�� Nature, Land.
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,QWHUQDWLRQDO�:KDOLQJ�&RPPLVVLRQ�� ������ 5HSRUW�RI�WKH�ZRUNVKRS�RQ� WKH�VWDWXV�RI�ULJKW�ZKDOHV��Rep. int.
Whal. Commn �VSHFLDO� LVVXH� �����������

.HVVOHU�� /�*�� DQG� $YLVH�� -�&�� ������ 0LFURJHRJUDSKLF� OLQHDJH� DQDO\VLV� E\� PLWRFKRQGULDO� JHQRW\SH�
YDULDWLRQ� LQ� WKH�FRWWRQ� UDW� (Sigmodon hispidus). Evolution ����������

.UDXV��6�'�� ������$�UHYLHZ�RI�WKH�VWDWXV�RI�ULJKW�ZKDOHV�(Eubalaena glacialis) LQ�WKH�ZHVWHUQ�1RUWK�$WODQWLF
ZLWK� D� VXPPDU\� RI� UHVHDUFK� DQG� PDQDJHPHQW� QHHGV�� )LQDO� UHSRUW� WR� WKH� 86� 0DULQH� 0DPPDO
&RPPLVVLRQ��17,6� QR�� 3%��������� �XQSXEOLVKHG��� ��SS��

/DPEHUWVHQ�� 5��� %DNHU��6���'XIILHOG��'�� DQG�&KDPEHUOLQ�/HD��-�� ������ &\WRJHQHWLF�GHWHUPLQDWLRQ�RI�VH[
DPRQJ� LQGLYLGXDO� LGHQWLILHG�KXPSEDFN� ZKDOHV�� Can. J. Zool. �����������

/DPEHUWVHQ�� 5�+�� ������ $� ELRSV\� V\VWHP� IRU� ODUJH� ZKDOHV� DQG� LWV� XVH� IRU� F\WRJHQHWLFV�� J. Mammal.
����������

/DQVPDQ�� 5�$��� $YLVH�� -�&�� DQG� +XHWWHO�� 0�'�� ������ &ULWLFDO� H[SHULPHQWDO� WHVW� RI� WKH� SRVVLELOLW\� RI

SDWHUQDO� OHDNDJH
�RI�PLWRFKRQGULDO� '1$�� Proc. NAS (U.S.) ������������

0DQLDWLV�� 7��� )ULWVFK�� (�)�� DQG� 6DPEURRN�� -�� ������ Molecular Cloning (A Laboratory Manual). &ROG
6SULQJ�+DUERU�/DERUDWRU\�� &ROG� 6SULQJ�+DUERU�� 1HZ�<RUN�� ���SS��

0DUWLQ�� 3�$�� DQG� &OD\WRQ�� '�$�� ������ 0HFKDQLFV� RI�PLWRFKRQGULDO� '1$� UHSOLFDWLRQ� LQ� PRXVH� /�FHOOV�
ORFDWLRQ�DQG� VHTXHQFH�RI�WKH� OLJKW� VWUDQG�RULJLQ�RI�UHSOLFDWLRQ��J. Mol. Biol. ���������

0DWWKHZV��(�$���.HOOHU��6�� DQG�:HLQHU��'�%�� ������ $�PHWKRG�WR�FROOHFW�DQG�SURFHVV�VNLQ�ELRSVLHV�IRU�FHOO
FXOWXUH� IURP� IUHH�UDQJLQJ�JUD\�ZKDOHV� (Eschrichtius robustus). Mar. Mammal Sci. �����������

0RQQDW�� 5�-�� DQG� /RHE�� /�$�� ������ 1XFOHRWLGH� VHTXHQFH� SUHVHUYDWLRQ� RI� KXPDQ� PLWRFKRQGULD� '1$�
Proc. NAS (U.S.) �����������

0XOOHU��-�� ������2EVHUYDWLRQV�RQ�WKH�RUELWDO� UHJLRQ�RI�WKH�VNXOO�RI�WKH�0\VWDFRFHWL��Zool. Meded. (Leiden)
������
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int. Whal. Commn �VSHFLDO� LVVXH� �����������
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:LOVRQ��$�&��&DQQ��5�/���&DUU��6�0���*HRUJH��0���*\OOHQVWHQ��8�%���+HOP�%\FKRZVNL��.�0���+LJXFKL�
5�*���3DOXPEL��6�5���3UDJHU��(�0���6DJH��5�'�� DQG�6WRQHNLQJ��0�� ������ 0LWRFKRQGULDO�'1$�DQG�WZR
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