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3DWWHUQV�RI�VSDWLDO�DQG�WHPSRUDO�GLVWULEXWLRQ�RI�KXPSEDFN�ZKDOHV�DW�WKH�VRXWKHUQ�OLPLW
RI�WKH�6RXWKHDVW�3DFLILF�EUHHGLQJ�DUHD
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�
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$UWLFOH�7\SH� 5HVHDUFK�$UWLFOH

)XOO�7LWOH� 3DWWHUQV�RI�VSDWLDO�DQG�WHPSRUDO�GLVWULEXWLRQ�RI�KXPSEDFN�ZKDOHV�DW�WKH�VRXWKHUQ�OLPLW
RI�WKH�6RXWKHDVW�3DFLILF�EUHHGLQJ�DUHD

6KRUW�7LWOH� +XPSEDFN�ZKDOHV�RII�QRUWKHUQ�3HUX

&RUUHVSRQGLQJ�$XWKRU� $OGR�6��3DFKHFR��3K'
8QLYHUVLGDG�GH�$QWRIDJDVWD
$QWRIDJDVWD��5HJLRQ�,,�&+,/(

.H\ZRUGV� 8SZHOOLQJ���FDOYLQJ���PLJUDWLRQ���0HJDSWHUD�QRYDHDQJOLDH���+XPEROGW�&XUUHQW
(FRV\VWHP

$EVWUDFW� 8QGHUVWDQGLQJ�WKH�SDWWHUQV�RI�VSDWLDO�DQG�WHPSRUDO�GLVWULEXWLRQ�LQ�WKUHVKROG�KDELWDWV�RI
KLJKO\�PLJUDWRU\�DQG�HQGDQJHUHG�VSHFLHV�LV�LPSRUWDQW�IRU�XQGHUVWDQGLQJ�WKHLU�KDELWDW
UHTXLUHPHQWV�DQG�UHFRYHU\�WUHQGV��+HUHLQ��ZH�SUHVHQW�QHZ�GDWD�DERXW�WKH�GLVWULEXWLRQ
RI�KXPSEDFN�ZKDOHV��0HJDSWHUD�QRYDHDQJOLDH��LQ�QHULWLF�ZDWHUV�RII�WKH�QRUWKHUQ�FRDVW
RI�3HUX��DQ�DUHD�WKDW�FRQVWLWXWHV�D�WUDQVLWLRQDO�SDWK�IURP�FROG��XSZHOOLQJ�ZDWHUV�WR�ZDUP
HTXDWRULDO�ZDWHUV�ZKHUH�WKH�EUHHGLQJ�KDELWDW�LV�ORFDWHG��'DWD�ZDV�FROOHFWHG�GXULQJ�IRXU
FRQVHFXWLYH�DXVWUDO�ZLQWHU�VSULQJ�VHDVRQV�IURP������WR�������XVLQJ�ZKDOH�ZDWFKLQJ
ERDWV�DV�SODWIRUPV�IRU�UHVHDUFK��$�WRWDO�RI������ZKDOHV�GLVWULEXWHG�EHWZHHQ�����JURXSV
ZHUH�VLJKWHG��7KH�VSDWLDO�GLVWULEXWLRQ�RI�KXPSEDFNV�UHVHPEOHG�WKH�FKDUDFWHULVWLF
VHJUHJDWLRQ�RI�ZKDOH�JURXSV�DFFRUGLQJ�WR�WKHLU�VL]H�DJH�FODVV�DQG�VRFLDO�FRQWH[W�LQ
EUHHGLQJ�KDELWDWV��PRWKHU�DQG�FDOI�SDLUV�ZHUH�SUHVHQW�LQ�YHU\�VKDOORZ�ZDWHUV�FORVH�WR
WKH�FRDVW��ZKLOH�G\DGV��WULRV�RU�PRUH�ZKDOHV�ZHUH�ZLGHO\�GLVWULEXWHG�IURP�VKDOORZ�WR
PRGHUDWH�GHSWKV�RYHU�WKH�FRQWLQHQWDO�VKHOI�EUHDN��6HD�VXUIDFH�WHPSHUDWXUHV��UDQJH�
���������r&��LQ�FRDVWDO�ZDWHUV�ZHUH�VOLJKWO\�FROGHU�WKDQ�WKRVH�FORVHU�WR�WKH�RFHDQLF
UHDOP��OLNHO\�GXH�WR�WKH�LQIOXHQFH�RI�FROG�XSZHOOHG�ZDWHUV�IURP�WKH�+XPEROGW�&XUUHQW
V\VWHP��2XU�UHVXOWV�SURYLGH�QHZ�HYLGHQFH�RI�WKH�VRXWKZDUG�H[WHQVLRQ�RI�WKH�EUHHGLQJ
UHJLRQ�RI�KXPSEDFN�ZKDOHV�LQ�WKH�6RXWKHDVW�3DFLILF��,QWHJUDWLQJ�WKLV�LQIRUPDWLRQ�ZLWK
WKH�NQRZOHGJH�IURP�WKH�UHVW�RI�WKH�EUHHGLQJ�UHJLRQ�DQG�IRUDJLQJ�JURXQGV�ZRXOG
HQKDQFH�RU�FXUUHQW�XQGHUVWDQGLQJ�RI�SRSXODWLRQ�G\QDPLFV�DQG�UHFRYHU\�WUHQGV�RI�WKLV
VSHFLHV�

2UGHU�RI�$XWKRUV� &KLDUD�*XLGLQR

0LJXHO�$QJHO�/ODSDSDVFD

6HEDVWLDQ�6LOYD

%HOHQ�$OFRUWD

$OGR�6��3DFKHFR��3K'

6XJJHVWHG�5HYLHZHUV� .RHQ�9DQ�:DHUHEHHN��3K'
'LUHFWRU��&HQWUR�3HUXDQR�GH�(VWXGLRV�&HWROµJLFRV
FRUHZDP#JPDLO�FRP��DOEHGR���#\DQGH[�FRP
'U��9DQ�:DHUHEHHN�KDV�ZRUNHG�H[WHQVLYHO\�LQ�VHYHUDO�HFRORJLFDO�DVSHFWV�RI�GROSKLQV
DQG�EDOHHQ�ZKDOHV�LQKDELWLQJ�WKH�6RXWKHDVW�3DFLILF��+H�KDV�DXWKRUHG�DQG�RU�FR�
DXWKRUHG�RYHU�����SXEOLFDWLRQV�DQG�KDV�VHUYHG�DV�D�PHPEHU�RI�PDQ\�,QWHUQDWLRQDO
:KDOLQJ�&RPPLVVLRQ�FRPPLWWHHV��:H�EHOLHYH�WKDW�KLV�NQRZOHGJH�DQG�H[SHUWLVH�ZRXOG
EH�PXFK�DSSUHFLDWH�IRU�UHYLHZLQJ�WKLV�PDQXVFULSW�

)HUQDQGR��)HOL[
0XVHR�GH�%DOOHQDV��6DOLQDV��(FXDGRU
IHIHOL[��#KRWPDLO�FRP
)HUQDQGR�)HOL[�LV�RQH�RI�WKH�D�IHZ�H[SHUWV�LQ�KXPSEDFN�ZKDOHV�HFRORJ\�DQG�ELRORJ\�LQ
WKH�6RXWK�(DVW�SDFLILF��+H�KDV�SXEOLVKHG�FD�����SDSHUV�PDLQO\�LQ�HFRORJLFDO�DVSHFWV�RI
KXPSEDFN�ZKDOHV�LQ�EUHHGLQJ�DUHDV��:H�EHOLHYH�WKDW�KLV�ZLVGRP�RI�WKH�KXPSEDFN
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ZKDOH�VWRFN�RI�WKLV�UHJLRQ�ZLOO�SURYLGH�KLP�RI�WKH�QHFHVVDU\�FULWLF�IRU�UHYLHZLQJ�WKLV
PDQXVFULSW�

2SSRVHG�5HYLHZHUV�

5HVSRQVH�WR�5HYLHZHUV� -RXUQDO�UHTXLUHPHQWV�

:KHQ�VXEPLWWLQJ�\RXU�UHYLVLRQ��ZH�QHHG�\RX�WR�DGGUHVV�WKHVH�DGGLWLRQDO�UHTXLUHPHQWV�

���7KDQN�\RX�IRU�VWDWLQJ�WKH�IROORZLQJ�LQ�WKH�&RPSHWLQJ�,QWHUHVWV�VHFWLRQ��ಯ7KH�DXWKRUV
KDYH�GHFODUHG�WKDW�QR�FRPSHWLQJ�LQWHUHVWV�H[LVWರ

:H�QRWH�WKDW�RQH�RU�PRUH�RI�WKH�DXWKRUV�DUH�HPSOR\HG�E\�D�FRPPHUFLDO�FRPSDQ\
�3DFLILFR�$GYHQWXUHV�0DQHMR�,QWHJUDO�GHO�$PELHQWH�0DULQR�6�$�&��$Y��5LYHUD�GHO�PDU
V�Q��/RV�2UJDQRV��3LXUD��3HU¼��

3OHDVH�SURYLGH�DPHQGHG�VWDWHPHQWV�RI�&RPSHWLQJ�,QWHUHVWV�DQG�)LQDQFLDO�GLVFORVXUH
WKDW�GHFODUH�WKH�DIILOLDWLRQ�V��WR�WKLV�FRPSDQ\��DORQJ�ZLWK�DQ\�RWKHU�UHOHYDQW�GHFODUDWLRQV
UHODWLQJ�WR�HPSOR\PHQW��FRQVXOWDQF\��SDWHQWV��SURGXFWV�LQ�GHYHORSPHQW�RU�PDUNHWHG
SURGXFWV�HWF�

$QVZHU��ZH�DOO�DZDUH�RI�WKH�FRPSHWLQJ�LQWHUHVW�UHJDUGLQJ�WKH�VXEPLVVLRQ�RI�WKH�VWXG\�
$OO�DXWKRUV�KDYH�DJUHHG�ZLWK�WKH�FRQWHQW�RI�WKH�VWXG\�DQG�LWV�SXEOLFDWLRQ�LQ�WKLV�MRXUQDO�
:H�KDYH�XSGDWHG�WKH�DIILOLDWLRQ�RI�DOO�DXWKRUV��2QO\�6HEDVWLDQ�6LOYD�DQG�%HOHQ�$OFRUWD
DUH�DIILOLDWHG�WR�3DFLILFR�$GYHQWXUHV��$V�ZH�VWDWHG�LQ�WKH�ILUVW�VXEPLVVLRQ��WKH\�DUH�WKH
RZQHUV�RI�WKH�FRPSDQ\�DQG�WKHUHIRUH�DOORZHG�WKH�UHVHDUFK��7KLV�GRHV�QRW�LQWHUIHUH
ZLWK�3OR6�21(�SXEOLFDWLRQ�SROLFLHV�

3OHDVH�FRQILUP�WKDW�WKLV�GRHV�QRW�DOWHU�\RXU�DGKHUHQFH�WR�DOO�3/26�21(�SROLFLHV�RQ
VKDULQJ�GDWD�DQG�PDWHULDOV��DV�GHWDLOHG�RQOLQH�LQ�RXU�JXLGH�IRU�DXWKRUV
KWWS���ZZZ�3/26RQH�RUJ�VWDWLF�HGLWRULDO�DFWLRQ�FRPSHWLQJ�E\�LQFOXGLQJ�WKH�IROORZLQJ
VWDWHPHQW���7KLV�GRHV�QRW�DOWHU�RXU�DGKHUHQFH�WR�3/26�21(�SROLFLHV�RQ�VKDULQJ�GDWD
DQG�PDWHULDOV�ರ�,I�WKHUH�DUH�UHVWULFWLRQV�RQ�VKDULQJ�RI�GDWD�DQG�RU�PDWHULDOV��SOHDVH�VWDWH
WKHVH��3OHDVH�QRWH�WKDW�ZH�FDQQRW�SURFHHG�ZLWK�FRQVLGHUDWLRQ�RI�\RXU�DUWLFOH�XQWLO�WKLV
LQIRUPDWLRQ�KDV�EHHQ�GHFODUHG�

7KLV�LQIRUPDWLRQ�VKRXOG�EH�LQFOXGHG�LQ�\RXU�FRYHU�OHWWHU��ZH�ZLOO�FKDQJH�WKH�RQOLQH
VXEPLVVLRQ�IRUP�RQ�\RXU�EHKDOI�

3OHDVH�EH�DVVXUHG�WKDW�LW�LV�VWDQGDUG�3/26�21(�SROLF\�IRU�FRUUHVSRQGLQJ�DXWKRUV�WR
GHFODUH��RQ�EHKDOI�RI�DOO�DXWKRUV��DOO�SRWHQWLDO�FRPSHWLQJ�LQWHUHVWV��IRU�WKH�SXUSRVHV�RI
WUDQVSDUHQF\��3/26�GHILQHV�D�FRPSHWLQJ�LQWHUHVW�DV�DQ\WKLQJ�WKDW�LQWHUIHUHV�ZLWK��RU
FRXOG�UHDVRQDEO\�EH�SHUFHLYHG�DV�LQWHUIHULQJ�ZLWK��WKH�IXOO�DQG�REMHFWLYH�SUHVHQWDWLRQ�
SHHU�UHYLHZ��HGLWRULDO�GHFLVLRQ�PDNLQJ��RU�SXEOLFDWLRQ�RI�UHVHDUFK�RU�QRQ�UHVHDUFK
DUWLFOHV�VXEPLWWHG�WR�RQH�RI�WKH�MRXUQDOV��&RPSHWLQJ�LQWHUHVWV�FDQ�EH�ILQDQFLDO�RU�QRQ�
ILQDQFLDO��SURIHVVLRQDO��RU�SHUVRQDO��&RPSHWLQJ�LQWHUHVWV�FDQ�DULVH�LQ�UHODWLRQVKLS�WR�DQ
RUJDQL]DWLRQ�RU�DQRWKHU�SHUVRQ��3OHDVH�IROORZ�WKLV�OLQN�WR�RXU�ZHEVLWH�IRU�PRUH�GHWDLOV
RQ�FRPSHWLQJ�LQWHUHVWV��KWWS���ZZZ�3/26RQH�RUJ�VWDWLF�HGLWRULDO�DFWLRQ�FRPSHWLQJ

$QVZHU��ZH�DOO�DZDUH�RI�WKH�FRPSHWLQJ�LQWHUHVW�UHJDUGLQJ�WKH�VXEPLVVLRQ�RI�WKH�VWXG\�
$OO�DXWKRUV�KDYH�DJUHHG�ZLWK�WKH�FRQWHQW�RI�WKH�VWXG\�DQG�LWV�SXEOLFDWLRQ�LQ�WKLV�MRXUQDO�
7KH�GDWD�RQ�ZKLFK�WKLV�VWXG\�LV�EDVHG�LV�DWWDFKHG�WR�WKH�PDQXVFULSW�LQ�DQ�H[FHOO�VKHHW�
ಘ����ಘ
5HYLHZHU�����7KH�HQWLUH�SDSHU�QHHGV�H[KDXVWLYH�(QJOLVK�HGLWLQJ��LQ�WHUPV�RI�JUDPPDU�
ZRUG�FKRLFH�DQG�VSHOOLQJ��,W�LV�DW�WLPHV�GLIILFXOW�WR�XQGHUVWDQG�ZKDW�DXWKRUV�PHDQW�WR
VD\��,Q�DWWDFKPHQW�,�KDYH�JLYHQ�D�IHZ�H[DPSOHV�RI�WKH�W\SH�RI�FRUUHFWLRQV�QHFHVVDU\�

$QVZHU��ZH�KDYH�IROORZHG�WKLV�UHFRPPHQGDWLRQ��*UDPPDU�DQG�ZRUG�FKRLFH�KDYH�EHHQ
FRUUHFWHG�E\�DQ�(QJOLVK�QDWLYH�VSHDNHU�ZLWK�NQRZOHGJH�LQ�FHWDFHDQV�HFRORJ\��3OHDVH
EH�DZDUH�WKDW�PDQ\�VSHOOLQJ�HUURUV�DQG�W\SRV�ZHUH�FRUUHFWHG�GLUHFWO\�LQ�WKH�PDQXVFULSW
DQG�WKRVH�DUH�QRW�YLVLEOH�LQ�WKH�YHUVLRQ�ZLWK�WUDFN�FKDQJHV��&RUUHFWLRQV�RQ�ZRUGLQJ
ZHUH�LQFOXGHG�LQ�GLIIHUHQW�FRORUV�

*HQHUDO�FRPPHQWV
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/LQH������3OHDVH�LQGLFDWH�ZKLFK�GDWD�VRXUFH��EDWK\PHWULF�PDS��ZDV�XVHG�WR�GHWHUPLQH
VXUIDFH�RI�EDWK\PHWULF�DUHDV�

$QVZHU��WKH�PDSಬV�VRXUFH�LV�QRZ�LQGLFDWHG�LQ�WKH�OHJHQG�RI�)LJXUH���

/LQH�������$�SUHYLRXV�H[DPLQDWLRQ�����3OHDVH�H[SODLQ�EHWWHU�KRZ�WKLV�ZDV�GRQH��$OVR
ZKHWKHU�VLPLODULW\�ZDV�VWDWLVWLFDOO\�WHVWHG�

$QVZHU��ZH�KDYH�QRZ�LQFOXGHG�WKH�SUHYLRXV�DQDO\VLV�ZKLFK�LV�D�OLQHDU�UHJUHVVLRQ
EHWZHHQ�WKH�QXPEHU�RI�JURXSV�DQG�WLPH��LQ�PRQWKV���)LJXUH����VKRZV�WKH�WHPSRUDO
WUHQGV�RI�HDFK�JURXS�ZLWK�D�VWDWLVWLFDO�WHVW�IRU�VLJQLILFDQFH�DW�˞� ������

/LQHV����������,I�WKH�WHPSRUDO�YDULDWLRQ�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�,�WKLQN�LW�VKRXOG�EH
LQGLFDWHG�LQ�WKLV�SDUDJUDSK��ZLWK�S�OHYHOV���*HQHUDOO\�WKHUH�VHHPV�WR�H[LVW�VRPH�OHYHO�RI
H[SODQDWRU\�GLVFRQQHFW�EHWZHHQ�PHWKRGV�DQG�UHVXOWV��ERWK�1HX
V�DQG�PXOWLSOH
FRUUHVSRQGHQFH�DQDO\VHV�DUH�QRW�QHFHVVDULO\�IDPLOLDU�SURFHGXUHV�WR�PRVW�UHDGHUV�DQG
D�IHZ�VHQWHQFHV�RI�DGGLWLRQDO�H[SODQDWLRQ�ZRXOG�QRW�KXUW�LQ�P\�RSLQLRQ��)RU�LQVWDQFH��LQ
WKH�ELSORW��)LJ�����WKH��FR�RUGLQDWHV�DUH�H[SUHVVHG�LQ�XQLWV����LQHUWLD���ZKDWHYHU�WKDW
PHDQV��LW�VKRXOG�DW�OHDVW�EH�PHQWLRQHG�DQG�GHILQHG�LQ�WKH�WH[W�

$QVZHU��VHH�SUHYLRXV�DQVZHU��:H�KDYH�LQFOXGHG�VLPSOH�OLQHDU�UHJUHVVLRQ�DQDO\VLV�IRU
WKH�WHPSRUDO�SDWWHUQ�RI�JURXSV��7KH�PXOWLSOH�FRUUHVSRQGHQFH�DQDO\VLV�ZDV�UHPRYHG
IURP�WKH�PDQXVFULSW��:H�EHOLHYH�WKDW�WKHVH�VWDWLVWLFDO�PHWKRGV�DUH�HDV\�WR�XQGHUVWDQG
IRU�PRVW�UHDGHUV�

/LQH������,W�ZRXOG�EH�ZRUWKZKLOH�WR�DW�OHDVW�PHQWLRQ�WKH�OHWKDO�LQWHUDFWLRQ�UHFHQWO\
GRFXPHQWHG��*DUF¯D�*RGRV�HW�DO��������EHWZHHQ�KXPSEDFN�ZKDOHV�DQG�JLOOQHW
ILVKHULHV�SUHFLVHO\�LQ�WKHVH�QHULWLF�ZDWHUV��:KLOH�PRUWDOLW\�LV�XQGHUUHSRUWHG�WKHUH�LV�OLWWOH
GRXEW�LW�FRQVWLWXWHV�WKH�PRVW�LPSRUWDQW�WKUHDW�WR�WKLV�SRSXODWLRQ��*DUF¯D�*RGRV�$���9DQ
:DHUHEHHN�.���$OIDUR�6KLJXHWR�-��DQG�0DQJHO��-���������(QWDQJOHPHQWV�RI�/DUJH
&HWDFHDQV�LQ�3HUX��)HZ�5HFRUGV�EXW�+LJK�5LVN��3DFLILF�6FLHQFH�����������������

$QVZHU��ZH�KDYH�LQFOXGHG�DQ�RXWORRN��OLQHV����������FKDSWHU�WR�VXPPDUL]H�VRPH�RI
WKH�REVHUYDWLRQV�PDGH�E\�WKH�UHYLHZHUV�ZKLFK�ZH�EHOLHYH�VKRXOG�EH�FRQVLGHUHG�IRU
IXWXUH�UHVHDUFK��7KLV�VXJJHVWLRQ�LV�LQFOXGHG�

/LQH������0LJUDWRU\�KXPSEDFNV�LQ�WKH�6RXWKHUQ�+HPLVSKHUH�RFHDQV�EUHHG�DW�a��r6�
ZKLOH�WKH�6RXWKHDVW�3DFLILF�VWRFN�H[WHQWV�LWV�PLJUDWLRQ�FORVH�WR�ORZHU�ODWLWXGHV�DQG�HYHQ
FURVVLQJ�WKH�HTXDWRU���%HZDUH��WKHUH�LV�JRRG�HYLGHQFH�WKDW�LQ�WKH�HDVWHUQ�WURSLFDO
$WODQWLF��QRUWKHUQ�*XOI�RI�*XLQHD��6RXWKHUQ�+HPLVSKHUH�ODUJH�QXPEHUV�RI�KXPSEDFN
ZKDOHV�EUHHG�PXFK�IDUWKHU�QRUWK�WKDQ���r6��LQFOXGLQJ�QRUWK�RI�WKH�HTXDWRU�LQ�%HQLQ�
*KDQD��7RJR��1LJHULD��&DPHURRQ�HWF��6HH�9DQ�:DHUHEHHN�.���7FKLER]R�6���0RQWFKR
-���1RELPH�*���6RKRX�=���6RKRXKRXH�3��DQG�'RVVRX��&���������7KH�%LJKW�RI�%HQLQ��D
1RUWK�$WODQWLF�EUHHGLQJ�JURXQG�RI�D�6RXWKHUQ�+HPLVSKHUH�KXPSEDFN�ZKDOH�SRSXODWLRQ�
OLNHO\�UHODWHG�WR�*DERQ�DQG�$QJROD�VXEVWRFNV��6FLHQWLILF�&RPPLWWHH�GRFXPHQW
6&����,$����,QWHUQDWLRQDO�:KDOLQJ�&RPPLVVLRQ��-XO\�������/RQGRQ���SS�����SGI
DYDLODEOH�RQ�LQWHUQHW��DQG�HYHQ�DV�IDU�QRUWK�DV�*XLQHD��*XLQHD�%LVVDX��QHRQDWHV�DUH
VLJKWHG���SHUKDSV�HYHQ�6HQHJDO��6HH�9DQ�:DHUHEHHN�.���'MLED�$���.UDNVWDG�-��2��
6DPED�2XOG�%LODO�$���$OPHLGD�$��DQG�0DVV�0E\H�(���������1HZ�HYLGHQFH�IRU�D�6RXWK
$WODQWLF�VWRFN�RI�KXPSEDFN�ZKDOHV�ZLQWHULQJ�RQ�WKH�1RUWKZHVW�$IULFDQ�FRQWLQHQWDO�VKHOI�
$IULFDQ�=RRORJ\���������������������SGI�DYDLODEOH�

$QVZHU��FLWDWLRQ�IRU�HDVWHUQ�WURSLFDO�$WODQWLF�EUHHGLQJ�DUHDV�LV�QRZ�LQFOXGHG��OLQHV�����
�����

7H[WXDO�FRUUHFWLRQV�DQG�VXJJHVWLRQV
7KH�HQWLUH�SDSHU�QHHGV�H[KDXVWLYH�(QJOLVK�HGLWLQJ��LQ�WHUPV�RI�JUDPPDU��ZRUG�FKRLFH
DQG�VSHOOLQJ��,W�LV�DW�WLPHV�GLIILFXOW�WR�XQGHUVWDQG�ZKDW�DXWKRUV�PHDQW�WR�VD\���%HORZ�,
KDYH�JLYHQ�D�IHZ�H[DPSOHV�RI�WKH�W\SH�RI�FRUUHFWLRQV�QHFHVVDU\�

$QVZHU��ZH�WKDQN�WKH�UHYLHZHU�IRU�WKLV�KHOSIXO�ZRUN�

OLQH�����������H[SODLQV
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$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

����VXE�DGXOW

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

����PD\�QRW�EH�HYLGHQW

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

���������LQ�QRUWKHUQ�3HUX

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����(TXDWRULDO�&RXQWHUFXUUHQW�IORZLQJ�WR�WKH�(DVW�DQG�WKH�6RXWK

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����^LQGLFDWH�GLVWDQFH�IURP�WKH�FRDVW`

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

�����OHQJWK�����ZLGWK���RU��ORQJ������ZLGH

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����DQG�WRRN�RQH

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����SDUDOOHO�WR�WKH�FRDVWOLQH

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

����������VHH�OLQH�����FRPPHQW

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����GHOHWH��DV�PXFK�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����SDUDOOHO�WR�WKH�JURXS

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����GHOHWH�
VSRQWDQLRXVO\
�^WKLV�LV�REYLRXV�IURP�FRQWH[W�`

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����^EULHIHU`�����$UF0DS�LQ�$UF*LV�YHUVLRQ����

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

�����^GHOHWH`�LW�LV�ZRUWK�PHQWLRQLQJ�WKDW

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

�����������SOHDVH�UHSKUDVH��EULHIHU�

$QVZHU��ZH�KDYH�VKRUWHQHG�WKHVH�VHQWHQFHV�QRZ�LW�VD\V��ಯ�L�H���LQWHQVH�VXUIDFH�DFWLYLW\
LQYROYLQJ�UHSHWLWLYH�EUHDFKLQJ��RU�ZKDOHV�FKDUJLQJ�HDFK�RWKHU��VHQVX�>��@���*URXSV
LQYROYLQJ�WKH�SUHVHQFH�RI�FDOYHV�LQFOXGH�PRWKHU�FDOI�SDLUV��FRQVLVWLQJ�RI�D�IXOO\�JURZQ
IHPDOH�DQG�LWV�FDOI��ZKLFK�LV�DQ�LQGLYLGXDO�ZLWK�OLJKW�JUH\�ERG\�FRORUDWLRQ��PHDVXULQJ�DW
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KDOI��RU�OHVV��WKH�OHQJWK�RI�D�ODUJH�LQGLYLGXDO�DOZD\V�VZLPPLQJ�WRJHWKHU��$�VHFRQG�W\SH
RI�JURXS�DULVHV�ZKHQ�WKH�PRWKHU�FDOI�SDLUV�DUH�DFFRPSDQLHG�E\�DQ�HVFRUW��DQ�HVFRUW�DQ
LQGLYLGXDO�RI�HTXLYDOHQW�RU�VPDOOHU�VL]H�WKDQ�WKH�PRWKHU��7KH�ILQDO�JURXS�W\SH�LV�VLPSO\�D
PRWKHU�FDOI�SDLU�DFFRPSDQLHG�E\�PRUH�WKDQ�RQH�HVFRUW�ರ�VHH�OLQHV�����������

�����SUHVXPDEO\�LWV�PRWKHU

$QVZHU��VHH�SUHYLRXV�UHVSRQVH�

����������SOHDVH�UHSKUDVH

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

�����WHPSHUDWXUHV

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����DW�IRXU�VLWHV������WZR�VLWHV��VHQWHQFHV�FDQ�EH�FRPELQHG�DQG�PDGH�PRUH�FRQFLVH��

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG��7KH�IROORZLQJ�VHQWHQFH�ZDV�LQFOXGHG��ಯ���IURP
$XJXVW�WR�2FWREHU�GXULQJ������������������DQG������DW�WZR�VDPSOLQJ�VLWHV�ORFDWHG�DW
WKH�QRUWKHUQ�SDUW�RI�WKH�DUHD�RYHU�D�QHULWLF�DQG�D�WUDQVLWLRQDO�ORFDWLRQ��L�H��IURP�QHULWLF�WR
RFHDQLF�ZDWHUV��DQG�WZR�DGGLWLRQDO�VLWHV�ORFDWHG�DW�WKH�VRXWKHUQ�DUHD�LQ�VLPLODU
GHSOR\PHQW��)LJ���%��ರ�6HH�OLQHV���������

�����������SOHDVH�UHSKUDVH

$QVZHU��VHH�SUHYLRXV�UHVSRQVH�

�����VDPSOLQJ�VLWHV�^LQVWHDG�RI�VSRWV`

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG��VHH�SUHYLRXV�UHVSRQVH�

�����)LUVW��WKH�DUHD�EHWZHHQ�WZR�LVREDWKV��LQ�NP������

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

�����DQG�&KL�VTXDUH�WHVW�ZDV����

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

���������SOHDVH�SURYLGH�D�UHIHUHQFH

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�VHH�OLQH�����

�����UDQJH

$QVZHU��WKH�ZRUG�UDQJH�ZDV�FRUUHFW�LQ�WKH�PDQXVFULSW�

�����QHHGV�PDQ\�REVHUYDWLRQV

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����JURXSV�ZHUH�H[FOXGHG

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����PXOWLSOH�FRUUHVSRQGHQFH�DQDO\VLV�ZDV�XVHG������SOHDVH�SURYLGH�D�UHIHUHQFH

$QVZHU��UHIHUHQFH�LQFOXGHG�

�����ZLQWHU�VSULQJ

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



�����D�WRWDO�RI������ZKDOHV

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����WKH�QXPEHU�RI�WULSV

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����ZHUH�OHVV�DEXQGDQW

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����GXULQJ�6HSWHPEHU

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����ODWWHU�UDQJH

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����EHWWHU����PD\�QRW�RQO\�UHSUHVHQW�D�PLJUDWRU\

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

�����PDGH�XS�E\

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

�����ZHUH�SUHVHQW

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����SRLQWLQJ�WR

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����*URXSV�RI�KXPSEDFN�ZKDOHV�LQFOXGLQJ�PDQ\�FDOYHV�^WKH�JURXSV�DUH�QRW
FRPSRVHG�RI�FDOYHV`

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����DGXOW�RU�VXE�DGXOW�IHPDOHV

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����UHJDUGOHVV�RI�WKH�ZLGWK�DQG�VORSH

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����KXPSEDFN�ZKDOHV�PDLQWDLQHG�����^XVH�KXPSEDFN�ZKDOHV�RU�ZKDOHV���QRW
�KXPSEDFNV��ZKLFK�LV�D�FROORTXLDO�QDPH`

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG��:H�KDYH�UHYLVHG�WKH�PDQXVFULSW�WR�PDNH�VXUH�WKDW
KXPSEDFN�ZKDOH�LV�FRQVLVWHQWO\�XVHG�WKURXJKRXW�WKH�PDQXVFULSW�

������r6�DQG�IXUWKHU�QRUWK����

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

�����^XQFOHDU`�����QRW�FRQVLGHUHG�WR�DSSO\�D�VSDWLDO�DQDO\VLV�RI�WKH�LQIOXHQFH�����"
HWF��HWF�

$QVZHU��ZH�FKDQJHG�WKLV�VHQWHQFH�IRU��ಯ)RU�WKLV�VWXG\��WKH�LQIOXHQFH�RI�WKH�DUWLVDQDO
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ILVKHU\�ERDWV�LQ�WKLV�FRDVWDO�UHJLRQ��SDUWLFXODUO\�ZKHQ�JDWKHULQJ�DW�WKH�SRUWV��KDV�QRW
EHHQ�FRQVLGHUHGಱ�6HH�OLQHV�����ದ�����

5HYLHZHU�����7KH�PDQXVFULSW�SUHVHQWV�D�VLPSOH�DFFRXQW�RI�WKH�JURXS�FRPSRVLWLRQ�DQG
SRWHQWLDO�KDELWDW�SUHIHUHQFHV�RI�6RXWKHDVWHUQ�6RXWK�3DFLILF�KXPSEDFN�ZKDOHV�LQ�3HUX�
7KH�DXWKRUV�DWWHPSW�WR�OLQN�VHD�VXUIDFH�WHPSHUDWXUH�DQG�GHSWK�SUHIHUHQFH�WR�GLIIHUHQW
JURXS�W\SHV�WR�LQGLFDWH�WKLV�UHJLRQ�LV�DQ�H[WHQVLRQ�RI�WKH�EUHHGLQJ�JURXQGV�

$QVZHU��ZH�GLVDJUHH�ZLWK�WKLV�RSLQLRQ��)LUVW�DW�DOO��WKH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR
DVVHVV��QRW�WR�LQGLFDWH�DV�WKH�UHYLHZHU�VXJJHVWHG��XVLQJ�WKH�DYDLODEOH�GDWD�HYLGHQFH�
WKH�IXQFWLRQDOLW\�RI�WKLV�KDELWDW�IRU�EUHHGLQJ�SXUSRVHV��VHH�OLQH�������6HFRQG��ZH�GLG�QRW
DWWHPSW�WR�OLQN�VHD�VXUIDFH�WHPSHUDWXUH�WR�GLIIHUHQW�JURXS�W\SHV��:H�FOHDUO\�VWDWH�WKDW
VHD�VXUIDFH�WHPSHUDWXUHV�ZHUH�XVHG�ಯ7R�FKDUDFWHUL]H�WKH�WKHUPDO�YDULDELOLW\�LQ�WKH
VWXG\�DUHD�����ಱ��VHH�OLQH�������$V�ZH�VWDWHG�LQ�WKH�PDQXVFULSW��WKHUH�LV�D�VWURQJ�WKHUPDO
YDULDELOLW\�ZKLFK�LV�ZRUWK�SUHVHQWLQJ�LQ�RUGHU�WR�SURYLGH�DQ�XQGHUVWDQGLQJ�RI�WKH
HQYLURQPHQWDO�FRQWH[W�WR�WKH�UHDGHUV��+RZHYHU��VHD�VXUIDFH�WHPSHUDWXUH�DORQH�GRHV
QRW�LQIOXHQFH�WKH�GLVWULEXWLRQ�RI�KXPSEDFN�ZKDOHV�DW�WKH�VFDOH�RI�RXU�VWXG\��L�H��
PHVRFDOH���7KHUHIRUH��QR�VWDWLVWLFDO�DQDO\VLV�ZDV�DWWHPSWHG�

0\�PDLQ�FRQFHUQ�ZLWK�WKH�SDSHU�LV�WKDW�WKH�PDMRULW\�RI�HYLGHQFH�LV�VLPSO\�E\�WKH
SUHVHQFH�RI�FDOYHV��FDOYLQJ�DQG�PDWLQJ�LV�NQRZQ�WR�RFFXU�RQ�PLJUDWLRQ�URXWHV�LQ�RWKHU
UHJLRQV�ZKLFK�DUH�QRW�WHFKQLFDOO\�EUHHGLQJ�JURXQGV��7KH\�DUH�H[WHQVLRQV�RI�WKH
EUHHGLQJ�UDQJH�QRW�EUHHGLQJ�JURXQGV�ORFDWLRQV��7KLV�FDQ�EH�HDVLO\�DGGUHVVHG�ZLWK
VRPH�FDUHIXO�ZRUGLQJ�DQG�FRQVLGHUDWLRQ�RI�WKLV�FRQFHSW��,W�GRHV�QRW�GHWUDFW�IURP�WKH
QHHG�WR�SURWHFW�DQG�PDQDJH�PLJUDWLRQ�FRUULGRUV�IRU�FRQVHUYDWLRQ�SXUSRVHV��7KH
LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�PDQXVFULSW�DLGV�LQ�WKH�XQGHUVWDQGLQJ�RI�JURXS
FRPSRVLWLRQ�DQG�KDELWDW�SUHIHUHQFHV�LQ�3HUX�ZKLFK�ZLOO�KRSHIXOO\�DVVLVW�LQ�WKH
PDQDJHPHQW�RI�WKLV�SRSXODWLRQ�

$QVZHU��ZH�GR�QRW�XQGHUVWDQG�ZK\�WKH�UHYLHZHU�PDGH�WKLV�FULWLTXH�DQG�PLQLPL]HG�RXU
UHVXOWV��,Q�WKLV�VWXG\��ZH�GLG�QRW�MXVW�VKRZ�WKH�ಯVLPSO\�SUHVHQFH�RI�FDOYHVಱ�DV�WKH
UHYLHZHU�VWDWHV��5DWKHU��ZH�GHPRQVWUDWHG�WKH�H[LVWHQFH�RI�D�VHJUHJDWHG�VSDWLDO
GLVWULEXWLRQ��IRU�DOO�JURXS�W\SHV��ZKLFK�LV�D�W\SLFDO�SDWWHUQ�LQ�EUHHGLQJ�DUHDV�ZRUOGZLGH
�VHH�IRU�H[DPSOH��'DZELQ�������0RUHWH�HW�DO��������8UE£Q�	�$JXD\R�������(UVWV�	
5RVHQEDXP�������=HUELQL�HW�DO��������&UDLJ�HW�DO���������7KHUHIRUH��EDVHG�RQ�RXU
DQDO\VLV�ZH�EHOLHYH�WKDW�LV�FRPSOHWHO\�MXVWLILHG�WR�VXJJHVW�WKDW�RXU�VWXG\�DUHD
FRQVWLWXWHV�D�VRXWKZDUG�H[WHQVLRQ�RI�WKH�EUHHGLQJ�UHJLRQ��:H�GLVDJUHH�ZLWK�WKH
UHYLHZHUಬV�VXJJHVWLRQ�WKDW�RXU�VWXG\�DUHD�FRQVWLWXWHV�D�PLJUDWLRQ�URXWH�FRUULGRU��)LUVW�
WKH�UHYLHZHU�GRHV�QRW�MXVWLI\�KLV�KHU�RSLQLRQ�XVLQJ�D�FULWLFDO�DQDO\VLV�RI�WKH�GDWD
SUHVHQWHG�LQ�WKLV�VWXG\�L�H���KRZ�GRHV�RXU�GDWD�VXJJHVW�D�FRUULGRU�SDWWHUQ"�6HFRQG��WKH
UHYLHZHU�GRHV�QRW�SURYLGH�DQ\�GHILQLWLRQ�RU�FRQGLWLRQ�RQ�KRZ�D�PLJUDWLRQ�FRUULGRU�PXVW
ORRN�LQ�WHUPV�RI�KXPSEDFN�ZKDOHvV�VSDWLDO�RU�WHPSRUDO�GLVWULEXWLRQ�DV�SUHVHQWHG�LQ�WKLV
VWXG\��7KXV��LW�PXVW�EH�FRQFOXGHG�WKDW�WKH�UHYLHZHUಬV�VXJJHVWLRQ�UHJDUGLQJ�WKH
PLJUDWLRQ�FRUULGRU�UHOLHV�RQ�HLWKHU�VSHFXODWLRQ�RU�D�SHUVRQDO�RSLQLRQ�ZKLFK�ODFNV
YDOLGDWLRQ�E\�WKH�ZD\�RI�GDWD�SURRI�RU�UHOHYDQW�OLWHUDWXUH�
,Q�DGGLWLRQ��ZH�GR�QRW�XQGHUVWDQG�ZKDW�H[DFWO\�WKH�GLIIHUHQFH�EHWZHHQ�EUHHGLQJ�JURXQG
DQG�UDQJH�LV��$V�IDU�DV�ZH�XQGHUVWDQG��EUHHGLQJ�JURXQGV�RFFXU�ZLWKLQ�WKH�EUHHGLQJ
UHJLRQ�UDQJH�VR�WKHVH�DUH�QRW�VXEVWDQWLDOO\�GLIIHUHQW�FRQFHSWV��$OVR��WKH�SUHVHQFH�RI
FDOYHV�LQ�ZDUP�WURSLFDO�ZDWHUV�LV�LQGHHG�D�VWURQJ�LQGLFDWLYH�RI�EUHHGLQJ�KDELWDWV�IRU�WKLV
VSHFLHV��VHH�5DVPXVVHQ�HW�DO��������&DUWZULJKW�	�6XOOLYDQ������DQG�PDQ\�PRUH��
)URP�D�SXULVWLF�SHUVSHFWLYH��EUHHGLQJ�DUHDV�DQG�UDQJHV�PXVW�EH�GHILQHG�RQ�WKH�EDVLV
RI�LQ�VLWX�REVHUYDWLRQV�RI�PDWLQJ�DQG�SDUWXULWLRQ��+RZHYHU��VXFK�UHSRUWV�DUH�H[WUHPHO\
UDUH�LQ�WKH�OLWHUDWXUH�DQG�WKHUH�DUH�RQO\�WZR�SDSHUV�GRFXPHQWLQJ�KXPSEDFN�ZKDOHV
ELUWK�DV�ZH�SRLQWHG�RXW�LQ�WKH�GLVFXVVLRQ��5HVHDUFKHUV�RI�KXPSEDFN�ZKDOHಬV�EUHHGLQJ
DUHDV�UHO\�RQ�RWKHU�LQGLFDWRUV�VXFK�DV�GLVWULEXWLRQDO�SDWWHUQV�DQG
EHKDYLRUDO�PRUSKRORJLFDO�LQIRUPDWLRQ�RI�WKH�FDOYHV��+RZHYHU��LQ�RUGHU�WR�DYRLG
FRQIXVLRQ�EHWZHHQ�WKH�FRQFHSWV�RI�EUHHGLQJ�UDQJH�DQG�EUHHGLQJ�JURXQG�ZH�QRZ
UHIHUULQJ�WR�D�EUHHGLQJ�DQG�FDOYLQJ�UHJLRQ�WKURXJKRXW�WKH�PDQXVFULSW�

7KH�1HX�DQDO\VLV�LV�D�VWUHQJWK�RI�WKLV�SDSHU��KRZHYHU��)LJXUH���QHHGV�WR�EH�FODULILHG�WR
FOHDUO\�FRQYH\�UHVXOWV��,�DP�DOVR�XQFOHDU�KRZ�WHPSHUDWXUH�LV�UHDOO\�LQIOXHQFLQJ�WKHVH
KLJKO\�PLJUDWRU\�DQLPDOV�LQ�WKLV�SDUWLFXODU�UHJLRQ�
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$QVZHU��7KH�LGHD�RI�WKLV�DQDO\VLV�ZDV�WR�VKRZ�KRZ�GLIIHUHQW�KXPSEDFN�ZKDOHV�JURXSV
DVVRFLDWH�ZLWK�YDULRXV�GHSWK�UDQJHV�DQG�WLPH��PRQWKV��GXULQJ�WKH�EUHHGLQJ�VHDVRQ��,Q
WKLV�ZD\��WKH�VSDWLDO�DQG�WHPSRUDO�YDULDELOLW\�FDQ�EH�REVHUYHG�E\�UHDGHUV�LQ�D�VLQJOH
VWUDLJKWIRUZDUG�DQDO\VLV��L�H��ELSORW���+RZHYHU��LQ�UHVSRQVH�WR�WKH�ILUVW�UHYLHZHUಬV
UHTXHVW�IRU�IXUWKHU�H[SODQDWLRQV�RQ�WKLV�WHVW��ZH�GHFLGHG�WR�UHPRYH�WKH�PXOWLSOH
FRUUHVSRQGHQFH�DQDO\VHV�DQG�LQFOXGHG�QHZ�VWDWLVWLFDO�WHVWV�LQ�RUGHU�WR�SURYLGH�GHWDLOHG
H[SODQDWLRQ�RI�WKH�WHPSRUDO�SDWWHUQV�RI�KXPSEDFN�ZKDOHV�JURXSV��:H�SURYLGHG�D
GHWDLOHG�UHVSRQVH�UHJDUGLQJ�WKH�LQIOXHQFH�RI�VHD�VXUIDFH�WHPSHUDWXUH�RQ�KXPSEDFN
ZKDOHV�GLVWULEXWLRQ��SOHDVH�VHH�RXU�ILUVW�DQVZHU�WR�WKLV�UHYLHZHU�

7KHUH�DUH�PDQ\�VSHOOLQJ�DQG�JUDPPDWLFDO�HUURUV�WKURXJKRXW�WKH�PDQXVFULSW�ZKLFK�QHHG
WR�EH�IL[HG��6RPH�RI�WKHVH�KDYH�EHHQ�QRWHG�EHORZ�EXW�WKH�PDQXVFULSW�UHTXLUHV
VLJQLILFDQW�DWWHQWLRQ�EHIRUH�UHVXEPLVVLRQ�

$QVZHU��ZH�WKDQN�WKH�UHYLHZHU�IRU�SRLQWLQJ�WKHVH�HUURUV�DQG�ZH�KDYH�FRUUHFWHG�DOO�RI
WKHP��$OVR��DV�VWDWHG�EHIRUH��WKH�QHZ�YHUVLRQ�RI�WKLV�PDQXVFULSW�ZDV�UHYLVHG�E\�D
QDWLYH�(QJOLVK�VSHDNHU�ZLWK�NQRZOHGJH�RQ�FHWDFHDQVಬ�HFRORJ\�

2YHUDOO�WKH�SDSHU�IHHOV�OLJKW�RQ�GDWD�DQG�DQDO\VLV�

$QVZHU��,Q�RXU�RSLQLRQ�WKLV�LV�QRW�OLJKW�UHVHDUFK��$V�VXFK��ZH�GLVDJUHH�ZLWK�WKH
UHYLHZHUಬV�FULWLTXH��:H�FROOHFWHG�GDWD�GXULQJ�IRXU�FRQVHFXWLYH�VHDVRQV��'DWD�ZDV
DQDO\]HG�LQ�WKH�FRQWH[W�RI�D�SURSHU�SUHGLFWLRQ�K\SRWKHVLV�WKDW�QDWXUDOO\�DURVH�IURP
FXUUHQW�NQRZOHGJH�DERXW�KXPSEDFN�ZKDOHV�GLVWULEXWLRQ�LQ�EUHHGLQJ�UHJLRQV��2I�FRXUVH
DV�ZLWK�DQ\�VWXG\��DQDO\VLV�FDQ�EH�LPSURYHG�DQG�ZH�KDYH�GRQH�VR�E\�UHPRYLQJ�WKH
PXOWLSOH�FRUUHVSRQGHQFH�DQDO\VHV�DQG�LQFOXGLQJ�QHZ�DQDO\VLV�RQ�WKH�WHPSRUDO
YDULDWLRQ�RI�WKH�ZKDOH�JURXSV�
�
$OVR��GDWD�ZHUH�FROOHFWHG�IURP�JURXSV�WKDW�ZHUH�LGHQWLILHG�SULRU�WR�FRXQWLQJ�E\�YLVXDO
REVHUYHUV�RQ�D�KLOO��,W�LV�XQFOHDU�LI�JURXS�VHOHFWLRQ�ZDV�FRQGXFWHG�E\�WKH�KLOO�REVHUYHUV
SULRU�WR�FRXQWLQJ�JURXSV�RQ�WKH�ERDW�ದ�WKLV�ZRXOG�LQWURGXFH�ELDVHV�LQ�WKH�JURXS�FRXQWV
XQOHVV�WKLV�ZDV�D�UDQGRPL]HG�SURFHGXUH��,�DP�FRQILGHQW�WKH�DXWKRUV�FDQ�DGGUHVV�DOO�RI
WKH�DERYH�FRQFHUQV��,�KDYH�SURYLGHG�VRPH�VXJJHVWLRQV�WR�DGGUHVV�WKHVH�EHORZ�LQ
VSHFLILF�FRPPHQWV�

$QVZHU��ZH�KDYH�WR�PHQWLRQ�WKDW�WKLV�LV�SDUWLDOO\�WUXH��6XUYH\V�LQ������ZHUH�FRQGXFWHG
XVLQJ�IL[HG�WUDQVHFWV��+RZHYHU��ZH�XQGHUVWDQG�WKH�FRQFHUQ�UDLVHG�E\�WKH�UHYLHZHU�DQG
ZH�KDYH�LQFOXGHG�VHYHUDO�FRUUHFWLRQV�WR�FODULI\�WKHVH�SRLQWV��3OHDVH�VHH�WKH�ಯERDW
VXUYH\Vರ�FKDSWHU�

6SHFLILF�FRPPHQWV�RQ�WKH�PDQXVFULSW�

$EVWUDFW

/����7KUHVKROG�KDELWDW"�3HUKDSV�UHZRUG�WR�ಫRXWHU�OLPLWVಬ�

$QVZHU��ZH�SUHIHU�WR�XVH�WKH�WHUP�ಯWKUHVKROG�KDELWDWಱ�EHFDXVH�WKURXJKRXW�WKH
PDQXVFULSW�LW�LV�UHIHUUHG�WR�DV�WKH�WKUHVKROG�EHWZHHQ�WKH�XSZHOOLQJ�DQG�HTXDWRULDO
HFRV\VWHPV�

/����FROG�XSZHOOLQJ�RU�FROG�XSZHOOLQJ"

$QVZHU��FROG�XSZHOOLQJ��FRUUHFWLRQ�LPSOHPHQWHG�

/����&KDQJH�ಫZLWK�JURXSV�PDGH�E\ಬ�WR�ಫZKLOH�G\DGV�DQG�WULRV��L�H��ಹ�ಫ

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/�������ODVW�VHQWHQFH�QHHGV�UHZRUGLQJ��(�J��ಫ2XU�UHVXOWV�SURYLGH�QHZ�HYLGHQFHಹಹಬ

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�
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,QWURGXFWLRQ

/����&KDQJH�ಫVSHFLHVಬ�WR�ಫWD[Dಬ�DV�\RX�GRQಬW�PHQWLRQ�VSHFLILF�VSHFLHV�

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

/�������$GG�D�UHIHUHQFH�

$QVZHU��&LWDWLRQ�WR�+HLWKDXV�	�'LOO��������ZDV�LQFOXGHG�

/����&KDQJH�ಫFDOP�DQG�ZDUP�ZDWHUVಬ�WR�ಫFDOP��ZDUP�ZDWHUVಬ�

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

/����&KDQJH�WR�ಯDQG�SRWHQWLDO�SUHGDWLRQ�IURP�NLOOHU�ZKDOHVರ�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/����&KDQJH�ಫUHJLVWHUHGಬ�WR�ಫUHFRUGHGಬ�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/����>�����@�QRW�>�@��>��@

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/����&KDQJH�ಫ*UHDW�%DUULHU�UHHIಬ�WR�ಫHDVWHUQ�$XVWUDOLDಬ�
$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

/����$GG�ಫEHಬ�DIWHU�QRW�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/����ಫVXLWHಬ�QRW�ಫVXLWಬ�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/����ಫ&OXHಬ�ದ�,�ZRXOG�VZLWFK�WKLV�ZRUGLQJ�WR�VRPHWKLQJ�OLNH�ಫPD\�VHUYH�DV�DQ�LQGLFDWRUಬ

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/�������:KDW�DERXW�RWKHU�UHJLRQV�ZKHUH�EUHHGLQJ�PDWLQJ�RQ�PLJUDWLRQ�LV�W\SLFDO�DQG
KRZ�GRHV�WKLV�UHODWH�WR�D�GHILQHG�EUHHGLQJ�JURXQG��3HUKDSV�WKH�PLJUDWRU\�FRUULGRU�LV�DQ
H[WHQVLRQ�RI�WKH�EUHHGLQJ�JURXQGV�EXW�LV�QRW�D�EUHHGLQJ�JURXQG�SHU�VH"

$QVZHU��ZH�KDYH�LPSOHPHQWHG�WKLV�REVHUYDWLRQ�E\�LQFOXGLQJ�WKH�IROORZLQJ�VWDWHPHQW�
OLQHV��������ಯ7KH�DVVHVVPHQW�RI�WKLV�DVSHFW�LV�LPSRUWDQW�EHFDXVH�KXPSEDFN�ZKDOHV
PD\�EUHHG�GXULQJ�PLJUDWLRQ�DQG�QRW�RQO\�LQ�D�GHILQHG�EUHHGLQJ�JURXQG�>��@�ಱ

/����&KDQJH�ಫ;;�FHQWXU\ಬ�WR�ಫ��WK�FHQWXU\ಬ�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/����ಫVLJKWLQJVಬ�QRW�ಫVLJKWVಬ�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/����SRVW�SURWHFWLRQ�ದ�GRHVQಬW�WKLV�PHDQ�DIWHU�SURWHFWLRQV�HQGV"�,�ZRXOG�VD\
ಫ+XPSEDFN�ZKDOH�UHVHDUFK�VLQFH�WKH�FHVVDWLRQ�RI�ZKDOLQJ�KDV�EHHQ�SRRUಹ�ಬ

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/����DGG�ಫ�)LJ����ಬ�VR�LW�LV�FOHDU�WKLV�LV�ORFDWHG�LQ�3HUX�
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$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

/���������ದ�$LP�RI�WKH�SDSHU��'R�\RX�DVVHVV�UHVLGHQF\"�$UH�DQLPDOV�PLOOLQJ�DURXQG�RU
DUH�WKH\�PLJUDWLQJ�VWUDLJKW�WKURXJK"�$V�QRWHG�DERYH��PDWLQJ�FDQ�RFFXU�ZKLOH�RQ
PLJUDWLRQ�DQG�WKLV�GRHV�QRW�FRQVWLWXWH�D�ಫEUHHGLQJ�JURXQGಬ��MXVW�DQ�H[WHQVLRQ�RI
EUHHGLQJ�ZKLFK�RFFXUV�ZKLOH�RQ�PLJUDWLRQ��'R�\RX�KDYH�SKRWR�LGHQWLILFDWLRQ�GDWD�WR
VKRZ�UHVLGHQF\�RU�WUDFNV�RI�DQLPDOV�VKRZLQJ�D�PLOOLQJ�EHKDYLRU"

$QVZHU��WKH�REMHFWLYH�RI�WKH�VWXG\�LV�VWDWHG�LQ�OLQHV����������<HV��ZH�GR�KDYH�SKRWR�
LGHQWLILFDWLRQ�GDWD��+RZHYHU��WKDW�LQIRUPDWLRQ�LV�SDUW�RI�DQ�RQJRLQJ�UHVHDUFK�SURMHFW
DLPHG�DW�HYDOXDWLQJ�WKH�FRQQHFWLYLW\�EHWZHHQ�GLIIHUHQW�IRUDJLQJ�DQG�EUHHGLQJ
GHVWLQDWLRQV�ZLWKLQ�WKH�EUHHGLQJ�ORFDWLRQV��7KHVH�UHVXOWV�ZLOO�EH�SUHVHQWHG�HOVHZKHUH�LQ
WKH�QHDU�IXWXUH��7KLV�VWXG\�LV�IRFXV�RQ�GLVWULEXWLRQDO�SDWWHUQV�DQG�ZH�EHOLHYH�WKDW�WKLV
GDWD�VHW�LV�DSSURSULDWH�WR�WHVW�RXU�SURSRVHG�SUHGLFWLRQ�

0HWKRGV

/�����&KDQJH�ಫUHDOL]DWLRQಬ�WR�ಫFRXUVHಬ�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/�����&KDQJH�ಫRI����������ಬ�WR�ಫIURP������WR�����ಬ�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/�����5HPRYH�ಫDV�VWUHVVHG�EHIRUHಬ�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/�����7KLV�VHQWHQFH�UHTXLUHV�UHZRUGLQJ�

$QVZHU��WKH�VHQWHQFH�ZDV�FKDQJHG�LQWR��ಯ6LJKWLQJV�RI�KXPSEDFN�ZKDOHV�ZHUH
FRQGXFWHG�IURP�ZKDOH�ZDWFKLQJ�SODWIRUPV�RI�UHVHDUFKಱ�VHH�OLQH�����

/���������7KH�VL]H�RI�ERDWV�FDQ�EH�UHPRYHG��7KH�UHDGHU�LV�PRVW�LQWHUHVWHG�LQ�WKH
URXWHV�WDNHQ�RU�KRZ�ZKDOHV�ZHUH�VSRWWHG�

$QVZHU��6LQFH�WKH�GDWD�FROOHFWLRQ�ZDV�SHUIRUPHG�IURP�WKHVH�ERDWV��ZH�ZRXOG�SUHIHU�WR
NHHS�WKLV�LQIRUPDWLRQ�ZLWKLQ�WKH�PDWHULDOV�DQG�PHWKRGV�VHFWLRQ�LQ�RUGHU�WR�SURYLGH�WKH
UHDGHU�ZLWK�PRUH�GHWDLOHG�EDFNJURXQG�NQRZOHGJH�

/���������3OHDVH�UHZRUG�DV�QRW�TXLWH�JUDPPDWLFDOO\�FRUUHFW�

$QVZHU��ZH�FKDQJHG�WKLV�VHQWHQFH�VHH�OLQHV����������ಯ'XULQJ�WKHVH�\HDUV�KXPSEDFN
ZKDOHV�ZHUH�ORFDWHG�E\�RQH�RU�WZR�SHUVRQV�VLJKWLQJ�ZKDOHV�IURP�WKH�WRS�RI�D����P
URFN\�FOLII�ZLWK�WKH�DLG�RI�ELQRFXODUV�DQG�GLUHFWLQJ�ERDW�VNLSSHUV�WRZDUGV�WKH�SRVLWLRQ�RI
WKH�JURXSV�YLD�UDGLR�FRPPXQLFDWLRQ�ಱ

/���������*URXSV�ZHUH�VSRWWHG�E\�ODQG�DQG�WKHQ�WKHUH�ZDV�D�FKRLFH�RI�ZKLFK�JURXSV
WR�JR�WR��,V�WKH�YLVXDO�GDWD�DYDLODEOH"�<RX�KDYH�RWKHUZLVH�ELDVHG�\RXU�JURXS�VHOHFWLRQ
DV�WKHUH�ZDV�SUHVXPDEO\�PRUH�WKDQ�RQH�JURXS�LQ�WKH�DUHD�DQG�WKH�ಫJURXSಬ�ZDV
UHFRUGHG�E\�WKH�ERDW�L�H��WKH�JURXS�FKRVHQ�WR�EH�DSSURDFKHG��0RWKHU�FDOI�SDLUV�DUH
PXFK�HDVLHU�WR�JHW�WR�DQG�VLQJOH�DQLPDOV�FDQ�VSHHG�RII�HDVLO\��7KLV�SUHVHQWV�D�ELDV�DV
WR�ZKDW�JURXSV�ZHUH�UHFRUGHG�E\�SULRU�VHOHFWLRQ�E\�\RXU�YLVXDO�VWDWLRQ�RU�ERDW�FDSWDLQ
�RQ�UHFHLYLQJ�WKH�LQIRUPDWLRQ�RI�JURXSV�LQ�WKH�DUHD���3OHDVH�FODULI\�WKLV�

$QVZHU��ZH�KDYH�FODULILHG�WKLV�SRLQW�SOHDVH�VHH�OLQHV����������ಯ$W�WKH�EHJLQQLQJ�RI�WKH
WULS��WKH�REVHUYHUV�JXLGHG�WKH�ERDWV�WR�WKH�ILUVW�YLVLEOH�ZKDOH�JURXS��$IWHU�WKH�ILUVW
VLJKWLQJ�ERDWV�QDYLJDWHG�WKH�DUHD�UDQGRPO\�VHDUFKLQJ�IRU�PRUH�KXPSEDFN�ZKDOHV�
7KXV��WKH�VXUYH\�HIIRUW�ZDV�QHYHU�FRQFHQWUDWHG�LQ�D�SDUWLFXODU�ORFDWLRQ�RU�WLPH��:KHQ
WZR�RU�WKUHH�JURXSV�RI�ZKDOHV�ZHUH�YLVLEOH�WR�WKH�ODQG�REVHUYHU��ERDWV�ZHUH�GLUHFWHG�WR
HDFK�JURXS�LQGLYLGXDOO\��,Q�WKLV�ZD\��DOO�YLVLEOH�JURXSV�ZHUH�UHJLVWHUHG�E\�WKH�ERDW
FUHZಱ�
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/�����5HPRYH�WKH�ಫVಬ�IURP�ಫJURXSVಬ�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/������������P�LV�D�YHU\�FORVH�DSSURDFK��7KLV�ZRXOG�DIIHFW�ZKDOH�EHKDYLRU��,�WKLQN�\RX
VKRXOG�QRWH�LQ�\RXU�HWKLFV�VWDWHPHQW�WKDW�ಫZKDOHV�ZHUH�DSSURDFKHG�WR�ZLWKLQ����P
IROORZLQJ�ZKDOH�ZDWFKLQJ�UHJXODWLRQVಬ�

$QVZHU��ZH�ZRXOG�SUHIHU�QRW�WR�GXSOLFDWH�WKLV�LQIRUPDWLRQ�LQ�WKH�PDQXVFULSW��$W�WKH�HQG
RI�WKH�HWKLFV�VWDWHPHQW�ZH�SRLQWHG�RXW�WKDW�WKH�GHWDLOV�RQ�KRZ�ZKDOHV�ZHUH�DSSURDFKHG
DUH�DYDLODEOH�LQ�WKH�PHWKRGV�VHFWLRQ�

/���������,W�LV�XQFOHDU�ZKHWKHU�WKDW�REVHUYDWLRQ�WLPH�LV�IRU�PRWKHU�FDOI�RU�DOO�JURXSV�
3OHDVH�FODULI\�

$QVZHU��ZH�KDYH�FODULILHG�WKLV��VHH�OLQH������2EVHUYDWLRQ�WLPH�IRU�PRWKHU�FDOI�SDLUV
ZHUH�OHVV�WKDQ����PLQ�

/���������:KLOH�\RX�KDYH�DFNQRZOHGJHG�WKDW�WKHVH�ELDVHV�H[LVW��ZKLFK�LV�JRRG���WKH\
VKRXOG�EH�UHYLVLWHG�LQ�WKH�GLVFXVVLRQ�

$QVZHU��WKLV�REVHUYDWLRQ�LV�QRZ�DGGUHVVHG�LQ�WKH�GLVFXVVLRQ��SOHDVH�VHH�OLQHV�����
����

/�����SHFWRUDO�QRW�IOLSSHU�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/�����'HOHWH�ಫJURXSV�LQYROYLQJ�FDOYHV�ಬ�RU�DGG�WKH�ZRUG�ಫLQFOXGHGಬ�LQVWHDG�RI�WKH�ಫ�ಬ�
0RVW�SHRSOH�UHDGLQJ�WKH�SDSHU�VKRXOG�NQRZ�ZKDW�D�FDOI�LV�VR�,ಬG�FRQGHQVH�WKH
VHQWHQFH�VXEVWDQWLDOO\��,�ZRXOG�VXJJHVW�ಫPRWKHU�ZLWK�KHU�GHSHQGHQW�FDOIಬ�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG��7KLV�SDUW�ZDV�FRUUHFWHG�IROORZLQJ�WKH�ILUVW�UHYLHZHUvV
REVHUYDWLRQ�

/�����5HPRYH�ಫVSRWVಬ�DQG�FKDQJH�ಫORFDWHGಬ�WR�ಫORFDWLRQVಬ�

$QVZHU��7KLV�SDUW�ZDV�DOVR�FRUUHFWHG�IROORZLQJ�WKH�ILUVW�UHYLHZHU�REVHUYDWLRQ�

5HVXOWV

/�����ZLQWHU�VSULQJ

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/�����:KDW�KDSSHQHG�WR�WKH�ELJ�FRPSHWLWLYH�SRGV"�7KHVH�LQGLFDWH�PDWLQJ�EHKDYLRU�LV
RFFXUULQJ��:KDW�DERXW�WKH�VLJKWDELOLW\�DQG�IROORZDELOLW\�RI�WKH�GLIIHUHQW�JURXS�W\SHV�
0RWKHU�FDOYHV�DUH�PXFK�HDVLHU�WR�IROORZ�IURP�ODQG�RQFH�\RXಬYH�ORFDWHG�WKHP�VR�\RX
DUH�PRUH�OLNHO\�WR�DFWXDOO\�HQFRXQWHU�WKRVH��'LG�WKH�ODQG�VXUYH\�NHHS�D�UHFRUG�RI�ZKDW
WKH\�VDZ"

$QVZHU��ZH�QRZ�LQFOXGHG�LQ�WKH�WH[W�WKH�LQIRUPDWLRQ�RQ�WKH�JURXSV�PDGH�E\�WKUHH�RU
PRUH�ZKDOHV��VHH�OLQH�������,Q�DGGLWLRQ��ZH�KDYH�FODULILHG�WKH�UROH�RI�WKH�ODQG�REVHUYHU
UHJDUGLQJ�WKH�ORFDWLRQ�RI�WKH�JURXSV�LQ�WKH�PDWHULDOV�DQG�PHWKRGV�VHFWLRQ��

/�����6WDUW�WKH�VHQWHQFH�ZLWK�ಫ1LQHW\�HLJKW�SHUFHQWಬ�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/�����'HOHWH�VHQWHQFH�VWDUWLQJ�ಫ$�VXPPDU\ಹಬ��&KDQJH�WKH�VWDUW�RI�WKH�QH[W�VHQWHQFH
WR�ಫ$FFRUGLQJ�WR�WKH�1HX�DQDO\VLV��PRWKHU�FDOIಹ��ಬ�DQG�DGG�LQ�ಫ7DEOH��ಬ�LQ�WKH�)LJ���
EUDFNHWV�

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�
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/���������3OHDVH�UHZRUG�WKH�VHQWHQFH�DV�LW�LV�XQFOHDU�

$QVZHU��7KH�UHVXOW�RI�WKH�PXOWLSOH�FRUUHVSRQGHQFH�DQDO\VHV�ZDV�UHPRYHG�

/�����&KDQJH�ಫDQG�����ಬ�WR�ಫLQ�����ಬ�

$QVZHU��VDPH�DV�LQ�WKH�SUHYLRXV�FRPPHQW�

/���������,ಬP�VWLOO�QRW�FRQYLQFHG�D�FKDQJH�LQ��&�ZRXOG�FDXVH�DQ\�FKDQJH�LQ�EUHHGLQJ
EHKDYLRU��:K\�ZRXOG�WKLV�WHPSHUDWXUH�FKDQJH�WULJJHU�EUHHGLQJ"

$QVZHU��ZH�GR�QRW�XQGHUVWDQG�WKLV�REVHUYDWLRQ��7KLV�SDUW�RQO\�GHVFULEHV�WKH�VHD
VXUIDFH�WHPSHUDWXUH�LQ�WKH�VWXG\�DUHD��7KHUH�LV�QR�LQGLFDWLRQ�DORQJ�WKH�PDQXVFULSW
VXJJHVWLQJ�WKDW�WHPSHUDWXUH�FKDQJHV�ZRXOG�EH�D�EUHHGLQJ�WULJJHU��:KDW�ZH�PHQWLRQHG
LV�WKDW�WKH�WKHUPDO�IURQW�PDGH�E\�WKH�FRQYHUJHQFH�RI�WKH�FROG�XSZHOOLQJ�ZDWHUV�DQG�WKH
ZDUP�HTXDWRULDO�V\VWHP�PD\�VHUYH�DV�DQ�LQGLFDWRU�IRU�PRYLQJ�IURP�RFHDQLF�ZDWHUV�LQWR
WKH�QHULWLF�UHDOP�

'LVFXVVLRQ

,�DP�XQFRQYLQFHG�WKDW�WKLV�FRQVWLWXWHV�D�ಫEUHHGLQJ�JURXQGಬ�SHU�VH��$V�QRWHG�DERYH��LW
PD\�EH�DQ�H[WHQVLRQ�RI�EUHHGLQJ�RQ�D�PLJUDWRU\�FRUULGRU��7KLV�GRHV�QRW�GHWUDFW�IURP
WKH�UHVXOWV�\RX�KDYH�SUHVHQWHG�ದ�LW�UHTXLUHV�VRPH�UHZRUGLQJ�WR�LQGLFDWH�WKLV��'R�\RX
KDYH�DQ\�LQIRUPDWLRQ�RQ�DQLPDOV�PLJUDWLQJ�WKURXJK�WKH�DUHD�RU�PLOOLQJ�DURXQG�L�H�
UHVLGHQF\�WLPHV"�'R�\RX�KDYH�ZLWKLQ�VHDVRQ�UHFDSWXUHV�RI�SKRWR�LGHQWLILHG�LQGLYLGXDOV"

$QVZHU��ZH�LQVLVW�WKDW�WKH�SXUSRVH�RI�WKLV�VWXG\�LV�QRW�WR�FRQYLQFH�WKH�UHYLHZHU�WKDW�WKLV
FRQVWLWXWHV�D�EUHHGLQJ�JURXQG��$V�VWDWHG�EHIRUH��ZH�VKRZ�D�VSDWLDO�VHJUHJDWHG�SDWWHUQ
RI�GLVWULEXWLRQ�RIWHQ�UHSRUWHG�LQ�EUHHGLQJ�DUHDV�HOVHZKHUH��$V�ZH�PHQWLRQHG�EHIRUH��ZH
UHIHU�WR�RXU�VWXG\�DUHD�DV�D�EUHHGLQJ�DUHD�RU�UDQJH�

/���������7KLV�LV�DQ�LQFRUUHFW�VWDWHPHQW�ದ�FDOYLQJ�W\SLFDOO\�RFFXUV�RQ�WKH�ZLQWHULQJ
JURXQGV��,�ZRXOG�EH�FDXWLRXV�ZLWK�1RUWKHUQ�KHPLVSKHUH�UHIHUHQFHV�DV�WKH�6RXWKHUQ
KHPLVSKHUH�SRSXODWLRQV�PD\�KDYH�VOLJKWO\�GLIIHUHQW�G\QDPLFV�

$QVZHU��ZH�WKLQN�WKDW�WKH�UHYLHZHU�PLVXQGHUVWRRG�WKLV�VHQWHQFH��:KDW�ZH�PHQWLRQHG
KHUH�LV�WKDW�PRWKHU�FDOI�DQG�HVFRUW�JURXSV�DUH�RQO\�VHHQ�LQ�EUHHGLQJ�DQG�FDOYLQJ�DUHDV�
:H�VXSSRUW�WKLV�ZLWK�WKH�UHIHUHQFH�WR�&DUWZULWH�	�6XOOLYDQ��������VWXG\�RQ�WKLV
SDUWLFXODU�WRSLF�

/���������2N�IDLU�HQRXJK�WKLV�LV�D�JRRG�SRLQW��<RX�VKRXOG�PHQWLRQ�WKLV�PXFK�HDUOLHU�LQ
WKH�PDQXVFULSW��/DFN�RI�GLUHFWHG�PLJUDWRU\�PRYHPHQW��LI�\RX�FDQ�GHPRQVWUDWH�LW�ZLWK
\RXU�GDWD��ZRXOG�KHOS�FRQYLQFH�PH�WKDW�WKLV�LV�PRUH�RI�D�EUHHGLQJ�JURXQG�WKHQ�D
PLJUDWRU\�FRUULGRU�

$QVZHU��DV�VWUHVVHG�EHIRUH�WKLV�VWXG\�IRFXV�RQ�WKH�SDWWHUQV�RI�VSDWLDO�DQG�WHPSRUDO
GLVWULEXWLRQ�RI�WKH�KXPSEDFN�ZKDOH�JURXSV��$V�LQGLFDWHG�LQ�WKH�GLVFXVVLRQ��WKH�UHVXOWV
RI�RXU�SUHYLRXV�SDSHU�ZKHUH�ZH�HYDOXDWHG�WKH�GLUHFWLRQ�WDNHQ�E\�WKH�ZKDOHV�VXSSRUWV
WKH�FXUUHQW�UHVXOWV�RQ�WKH�RYHUDOO�FRQWH[W��7KURXJKRXW�WKH�PDQXVFULSW�ZH�QRZ�UHIHU�WR�D
EUHHGLQJ�DUHD�LQ�RUGHU�WR�DYRLG�FRQIXVLRQ�ZLWK�WKH�EUHHGLQJ�JURXQG�FRQFHSW�

/���������$HULDO�EHKDYLRU�LV�QRW�VROHO\�DVVRFLDWHG�ZLWK�EUHHGLQJ��,WV�H[DFW�IXQFWLRQ�LV
QRW�FOHDU��,�ZRXOG�UHPRYH�WKLV�SRLQW�DV�WKHVH�EHKDYLRUV�RFFXU�LQ�DOO�DUHDV�DQG�GR�QRW
LQGLFDWH�D�PDWLQJ�LQWHQW�

$QVZHU��ZH�KDYH�IROORZHG�WKLV�VXJJHVWLRQ�WR�NHHS�WKH�GLVFXVVLRQ�FHQWHUHG�RQ
GLVWULEXWLRQDO�DVSHFWV�

/���������,�GLVDJUHH��0DWLQJ�PD\�EH�LPSRUWDQW�GXULQJ�WKH�ZKROH�VHDVRQ�EXW�ZRXOG�RQO\
EH�LPSRUWDQW�WR�UHFHSWLYH�IHPDOHV��7KHQ�SUHJQDQW�IHPDOHV�DUULYH�DQG�WKH\�JLYH�ELUWK
ZKLFK�RI�FRXUVH�LQFUHDVHV�WKRVH�JURXSV��3UHJQDQW�IHPDOHV�DUH�WKH�ODVW�WR�PLJUDWH�QRUWK
WR�PD[LPL]H�IHHGLQJ�LQ�$QWDUFWLFD�
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$QVZHU��ZH�KDYH�FKDQJHG�RXU�VHQWHQFH�DFFRUGLQJ�WR�WKLV�REVHUYDWLRQ�VHH�OLQHV�����
����ಯ7KHVH�VXJJHVW�WKDW�DOWKRXJK�PDWLQJ�DFWLYLW\�RFFXUV�GXULQJ�WKH�ZKROH�VHDVRQ�
EUHHGLQJ�DQG�FDOYLQJ�VHHPV�WR�EH�PRUH�LPSRUWDQW�GXULQJ�WKH�VHFRQG�KDOI�>��@�ಱ�

/��������,�ZRXOG�UHZRUG�WKLV�WR�FRQYH\�WKDW�YHU\�\RXQJ�FDOYHV�DQG�QHZ�PRWKHUV�ZRXOG
OLNHO\�VWD\�LQ�WKHVH�FDOP�ZDWHUV�XQWLO�WKH�FDOI�LV�VWURQJ�HQRXJK�WR�XQGHUWDNH�WKH
PLJUDWLRQ�VRXWK��%LUWK�DQG�PDWLQJ�DUH�VHSDUDWH�FRPSRQHQWV�RI�WKH�EUHHGLQJ�JURXQGV��,
WKLQN�\RX�QHHG�WR�EH�FOHDUHU�RQ�WKLV�GLVWLQFWLRQ�

$QVZHU��ZH�KDYH�LPSOHPHQWHG�WKLV�VXJJHVWLRQ�ಯ�*URXSV�RI�KXPSEDFNV�ZKDOHV
LQFOXGLQJ�PDQ\�FDOYHV�XVXDOO\�OHDYH�WKH�EUHHGLQJ�DUHD�DW�WKH�HQG�RI�WKH�VHDVRQ��9HU\
\RXQJ�FDOYHV�DQG�QHZ�PRWKHUV�VWD\�LQ�FDOP�ZDWHUV�XQWLO�FDOYHV�DUH�VWURQJ�HQRXJK�WR
XQGHUWDNH�WKH�PLJUDWLRQ�VRXWKಱ��OLQHV����������

/�����ಫ2Q�WKH�RWKHU�KDQGಬ

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/�����ಫSULQFLSDOO\�DGXOW�IHPDOHVಬ��1RWH�VXE�DGXOWV�VKRXOG�QRW�EH�PDWLQJ�DV�WKH\�DUH�QRW
PDWXUH�E\�GHILQLWLRQ�ZKLFK�LV�KRZ�LW�UHDGV�

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

/�����,�ZRXOG�LQFOXGH�WKH�ZRUGV�ಫSRVW�SDUWXP�PDWLQJಬ�ZKHQ�GHVFULELQJ�PDWLQJ�ZLWK
PRWKHUV�ZLWK�D�\RXQJ�FDOI�

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

/���������$GG�UHIHUHQFHV�IRU�WKLV�PDLQ�H[SODQDWLRQ�

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

/�����$GG�WKH�ZRUG�ಫLQಬ�WR�UHDG�ಫಹ�QRW�FRQVLGHUHG�LQ�WKH�VSDWLDO�DQDO\VLVಹ�ಬ

$QVZHU��ZH�KDYH�FRUUHFWHG�WKLV�VHQWHQFH�IROORZLQJ�WKH�ILUVW�UHYLHZHUvV
UHFRPPHQGDWLRQ��VHH�OLQHV���������

/�����ಫH[SHULHQFHಬ�QRW�ಫH[SHULPHQWಬ�

$QVZHU��FRUUHFWLRQ�LPSOHPHQWHG�

/�����,W�GHSHQGV�KRZ�ROG�WKH�FDOYHV�ZHUH��7KH\�FRXOG�KDYH�EHHQ�ERUQ�IXUWKHU�QRUWK
DQG�WKHQ�VORZO\�PDGH�WKHLU�ZD\�VRXWK�

$QVZHU��ZH�WKLQN�WKDW�WKH�UHYLHZHU�PD\�EH�FRUUHFW�EXW��VLQFH�WKH�DJH�RI�WKH�FDOYHV�LV
XQNQRZQ�ZH�EHOLHYH�WKDW�RXU�FRQFOXVLRQ�LV�ZHOO�MXVWLILHG��OLQHV����������

$FNQRZOHGJHPHQWV

/�����&KDQJH�ಫJHQWO\ಬ�WR�ಫNLQGO\ಬ�

$QVZHU��VXJJHVWLRQ�LPSOHPHQWHG�

)LJXUHV

)LJ����	���FRXOG�EH�FRPELQHG�LQWR�D�VLQJOH�ILJXUH�IRU�HDVH�RI�FRPSDULVRQ�

$QVZHU��ZH�FRPSRVHG�D�FRPELQHG�ILJXUH�DV�VXJJHVWHG�E\�WKH�UHYLHZHU��+RZHYHU�
VXFK�D�ILJXUH�FUDPSHG�WRR�PXFK�LQIRUPDWLRQ�DQG�WKH�GHWDLO�RI�WKH�VLJKWLQJ�SRVLWLRQV
ZDV�VRPHKRZ�PLVVLQJ�VLQFH�ZH�KDG�WR�UHGXFH�WKH�VL]H�RI�WKH�PDSV��:H�XOWLPDWHO\
GHFLGHG�WR�NHHS�WKH�WZR�ILJXUHV�

)LJ���7KLV�UHTXLUHV�VLJQLILFDQWO\�PRUH�H[SODLQLQJ�LQ�LWV�ILJXUH�FDSWLRQ��,W�LV�GLIILFXOW�WR
IROORZ�DQG�LQWHUSUHW�WKH�PRVW�LPSRUWDQW�UHVXOWV�E\�VLPSO\�ORRNLQJ�DW�LW��,W�VKRXOG�VWDQG
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DORQH��3OHDVH�DGG�LQ�LQIRUPDWLRQ�RQ�WKH�V\PEROV�DQG�FRORULQJ�VR�LW�LV�FOHDU�IRU�UHDGHUV
ZKR�JODQFH�DW�WKH�ILJXUH�ZLWKRXW�LQ�GHSWK�UHDGLQJ�RI�WKH�PDQXVFULSW�WH[W�

$QVZHU��DV�PHQWLRQHG�EHIRUH��WKH�PXOWLSOH�FRUUHVSRQGHQFH�DQDO\VLV�ZDV�UHPRYHG�IURP
WKH�PDQXVFULSW�

5HIHUHQFHV�XVHG�LQ�WKLV�UHVSRQVH

&DUWZULJKW�5��6XOOLYDQ�0��������$VVRFLDWLRQV�ZLWK�PXOWLSOH�PDOH�JURXSV�LQFUHDVH�WKH
HQHUJ\�H[SHQGLWXUH�RI�KXPSEDFN�ZKDOH��0HJDSWHUD�QRYDHDQJOLDH��IHPDOH�DQG�FDOI
SDLUV�RQ�WKH�EUHHGLQJ�JURXQGV��%HKDYLRXU����������ದ�����
&UDLJ�$6��+HUPDQ�/0��3DFN�$$��:DWHUPDQ�-2��������+DELWDW�VHJUHJDWLRQ�E\�IHPDOH
KXPSEDFN�ZKDOHV�LQ�+DZDLLDQ�ZDWHUV��DYRLGDQFH�RI�PDOHV"�%HKDYLRXU���������ದ����
'DZELQ�:+��������7HPSRUDO�VHJUHJDWLRQ�RI�KXPSEDFN�ZKDOHV�GXULQJ�PLJUDWLRQ�LQ
VRXWKHUQ�KHPLVSKHUH�ZDWHUV��0HP�4XHHQVODQG�0XV��������ದ�����
(UVWV�3-��5RVHQEDXP�+&��������+DELWDW�SUHIHUHQFH�UHIOHFWV�VRFLDO�RUJDQL]DWLRQ�RI
KXPSEDFN�ZKDOHV��0HJDSWHUD�QRYDHDQJOLDH��RQ�D�ZLQWHULQJ�JURXQG��-�=RRO�����
���ದ����
+HLWKDXV�05��'LOO�/0��������)HHGLQJ�VWUDWHJLHV�DQG�WDFWLFV��,Q��3HUULQ�:)��:¾UVLQJ�%�
7KHZLVVHQ�-*0��HGLWRUV��(QF\FORSHGLD�RI�0DULQH�0DPPDOV��$FDGHPLF�3UHVV��6DQ
'LHJR��SS���������
0RUHWH�0(��%LVL��7/��5RVVR�6��������7HPSRUDO�SDWWHUQ�RI�KXPSEDFN�ZKDOH��0HJDSWHUD
QRYDHDQJOLDH��JURXS�VWUXFWXUH�DURXQG�$EUROKRV�$UTXLSHODJR�EUHHGLQJ�UHJLRQ��%DKLD�
%UD]LO��-�0DU�%LRO�$VVRF�8.�������ದ���
5DVPXVVHQ�.��3DODFLRV�'0��&DODPERNLGLV�-��6DERULR�07��'DOOD�5RVD�/��6HFFKL�(5�
6WHLJHU�*+��$OOHQ�-0��6WRQH�*6��������6RXWKHUQ�+HPLVSKHUH�KXPSEDFN�ZKDOHV
ZLQWHULQJ�RII�&HQWUDO�$PHULFD��LQVLJKWV�IURP�ZDWHU�WHPSHUDWXUH�LQWR�WKH�ORQJHVW
PDPPDOLDQ�PLJUDWLRQ��%LRO�/HWW�������ದ����
8UE£Q�-��$JXD\R�$��������6SDWLDO�DQG�VHDVRQDO�GLVWULEXWLRQ�RI�WKH�KXPSEDFN�ZKDOH�
0HJDSWHUD�QRYDHDQJOLDH��LQ�WKH�0H[LFDQ�3DFLILF��0DU�0DPPDO�6FL�������ದ���
=HUELQL�$1��$QGULROR�$��'D�5RFKD�-0��6LPRHV�/RSHV�3&��6LFLOLDQR�6��3L]]RUQR�-/�
:DLWH�-0��'HPDVWHU�'3��9DQ%ODULFRP�*��������:LQWHU�GLVWULEXWLRQ�DQG�DEXQGDQFH�RI
KXPSEDFN�ZKDOHV��0HJDSWHUD�QRYDHDQJOLDH��RII�1RUWKHDVWHUQ�%UD]LO��-�&HWDFHDQ�5HV
0DQDJ�������ದ����

$GGLWLRQDO�,QIRUPDWLRQ�

4XHVWLRQ 5HVSRQVH

)LQDQFLDO�'LVFORVXUH

3OHDVH�GHVFULEH�DOO�VRXUFHV�RI�IXQGLQJ
WKDW�KDYH�VXSSRUWHG�\RXU�ZRUN��$
FRPSOHWH�IXQGLQJ�VWDWHPHQW�VKRXOG�GR�WKH
IROORZLQJ�

,QFOXGH�JUDQW�QXPEHUV�DQG�WKH�85/V�RI
DQ\�IXQGHU
V�ZHEVLWH��8VH�WKH�IXOO�QDPH�
QRW�DFURQ\PV��RI�IXQGLQJ�LQVWLWXWLRQV��DQG
XVH�LQLWLDOV�WR�LGHQWLI\�DXWKRUV�ZKR
UHFHLYHG�WKH�IXQGLQJ�
'HVFULEH�WKH�UROH�RI�DQ\�VSRQVRUV�RU
IXQGHUV�LQ�WKH�VWXG\�GHVLJQ��GDWD
FROOHFWLRQ�DQG�DQDO\VLV��GHFLVLRQ�WR
SXEOLVK��RU�SUHSDUDWLRQ�RI�WKH�PDQXVFULSW�
,I�WKH\�KDG�QR�UROH�LQ�DQ\�RI�WKH�DERYH�
LQFOXGH�WKLV�VHQWHQFH�DW�WKH�HQG�RI�\RXU
VWDWHPHQW���7KH�IXQGHUV�KDG�QR�UROH�LQ
VWXG\�GHVLJQ��GDWD�FROOHFWLRQ�DQG�DQDO\VLV�

7KH�DXWKRUV�UHFHLYHG�QR�VSHFLILF�IXQGLQJ�IRU�WKLV�ZRUN��7KH�WRXULVP�FRPSDQ\�3DFLILFR
$GYHQWXUHV�DOORZHG�WKH�FROOHFWLRQ�RI�WKH�GDWD�IRU�WKLV�UHVHDUFK�GXULQJ�ZKDOH�ZDWFKLQJ
WULSV�
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GHFLVLRQ�WR�SXEOLVK��RU�SUHSDUDWLRQ�RI�WKH
PDQXVFULSW��

,I�WKH�VWXG\�ZDV�XQIXQGHG��SURYLGH�D
VWDWHPHQW�WKDW�FOHDUO\�LQGLFDWHV�WKLV��IRU
H[DPSOH���7KH�DXWKRU�V��UHFHLYHG�QR
VSHFLILF�IXQGLQJ�IRU�WKLV�ZRUN��

�W\SHVHW

&RPSHWLQJ�,QWHUHVWV

<RX�DUH�UHVSRQVLEOH�IRU�UHFRJQL]LQJ�DQG
GLVFORVLQJ�RQ�EHKDOI�RI�DOO�DXWKRUV�DQ\
FRPSHWLQJ�LQWHUHVW�WKDW�FRXOG�EH
SHUFHLYHG�WR�ELDV�WKHLU�ZRUN�
DFNQRZOHGJLQJ�DOO�ILQDQFLDO�VXSSRUW�DQG
DQ\�RWKHU�UHOHYDQW�ILQDQFLDO�RU�QRQ�
ILQDQFLDO�FRPSHWLQJ�LQWHUHVWV�

'R�DQ\�DXWKRUV�RI�WKLV�PDQXVFULSW�KDYH
FRPSHWLQJ�LQWHUHVWV��DV�GHVFULEHG�LQ�WKH
3/26�3ROLF\�RQ�'HFODUDWLRQ�DQG
(YDOXDWLRQ�RI�&RPSHWLQJ�,QWHUHVWV�"

,I�\HV��SOHDVH�SURYLGH�GHWDLOV�DERXW�DQ\
DQG�DOO�FRPSHWLQJ�LQWHUHVWV�LQ�WKH�ER[
EHORZ��<RXU�UHVSRQVH�VKRXOG�EHJLQ�ZLWK
WKLV�VWDWHPHQW��,�KDYH�UHDG�WKH�MRXUQDO
V
SROLF\�DQG�WKH�DXWKRUV�RI�WKLV�PDQXVFULSW
KDYH�WKH�IROORZLQJ�FRPSHWLQJ�LQWHUHVWV�

,I�QR�DXWKRUV�KDYH�DQ\�FRPSHWLQJ
LQWHUHVWV�WR�GHFODUH��SOHDVH�HQWHU�WKLV
VWDWHPHQW�LQ�WKH�ER[���7KH�DXWKRUV�KDYH
GHFODUHG�WKDW�QR�FRPSHWLQJ�LQWHUHVWV
H[LVW��

�W\SHVHW

7KH�DXWKRUV�KDYH�GHFODUHG�WKDW�QR�FRPSHWLQJ�LQWHUHVWV�H[LVW

(WKLFV�6WDWHPHQW

<RX�PXVW�SURYLGH�DQ�HWKLFV�VWDWHPHQW�LI
\RXU�VWXG\�LQYROYHG�KXPDQ�SDUWLFLSDQWV�
VSHFLPHQV�RU�WLVVXH�VDPSOHV��RU
YHUWHEUDWH�DQLPDOV��HPEU\RV�RU�WLVVXHV�
$OO�LQIRUPDWLRQ�HQWHUHG�KHUH�VKRXOG�DOVR
EH�LQFOXGHG�LQ�WKH�0HWKRGV�VHFWLRQ�RI�\RXU
PDQXVFULSW��3OHDVH�ZULWH��1�$��LI�\RXU
VWXG\�GRHV�QRW�UHTXLUH�DQ�HWKLFV
VWDWHPHQW�

7KLV�VWXG\�RQO\�XVHG�QRQLQYDVLYH�REVHUYDWLRQDO�GDWD��1R�WLVVXHV�IURP�OLYH�RU�GHDG
ZKDOHV�ZHUH�FROOHFWHG�WKXV�QR�VSHFLILF�SHUPLWV�ZHUH�UHTXLUHG�IRU�WKH�GHVFULEHG
ILHOGZRUN�DV�GLFWDWHG�E\�/H\�)RUHVWDO�\�GH�)DXQD�6LOYHVWUH�GHO�3HU¼�1r�������)RUHVWU\
DQG�:LOGOLIH�/DZ�RI�3HUX��DQG�LWV�5HJODPHQWR�GH�OD�/H\�)RUHVWDO�\�GH�)DXQD�6LOYHVWUH
WKURXJK�D�'HFUHWR�6XSUHPR�'6�1R����������$*��6XSUHPH�'HFUHH�IRU�UHJXODWLRQ��
'XULQJ�WKH�UHDOL]DWLRQ�RI�WKLV�VWXG\�QR�ZKDOHV�ZHUH�LQMXUHG�E\�DQ\�PHDQV�RI�KXPDQ
LQWHUDFWLRQ��H�J��YHVVHO�FROOLVLRQ���'XULQJ�VXUYH\V��ZKDOHV�ZHUH�FDUHIXOO\�DSSURDFKHG
IROORZLQJ�D�SUHFDXWLRQDU\�VHW�RI�QDYLJDWLRQ�UXOHV��VHH�GHWDLOV�LQ�WKH�0DWHULDOV�DQG
0HWKRGV�VHFWLRQ��
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+XPDQ�6XEMHFW�5HVHDUFK��LQYROYHG
KXPDQ�SDUWLFLSDQWV�DQG�RU�WLVVXH�

$OO�UHVHDUFK�LQYROYLQJ�KXPDQ�SDUWLFLSDQWV
PXVW�KDYH�EHHQ�DSSURYHG�E\�WKH�DXWKRUV

,QVWLWXWLRQDO�5HYLHZ�%RDUG��,5%��RU�DQ
HTXLYDOHQW�FRPPLWWHH��DQG�DOO�FOLQLFDO
LQYHVWLJDWLRQ�PXVW�KDYH�EHHQ�FRQGXFWHG
DFFRUGLQJ�WR�WKH�SULQFLSOHV�H[SUHVVHG�LQ
WKH�'HFODUDWLRQ�RI�+HOVLQNL��,QIRUPHG
FRQVHQW��ZULWWHQ�RU�RUDO��VKRXOG�DOVR�KDYH
EHHQ�REWDLQHG�IURP�WKH�SDUWLFLSDQWV��,I�QR
FRQVHQW�ZDV�JLYHQ��WKH�UHDVRQ�PXVW�EH
H[SODLQHG��H�J��WKH�GDWD�ZHUH�DQDO\]HG
DQRQ\PRXVO\��DQG�UHSRUWHG��7KH�IRUP�RI
FRQVHQW��ZULWWHQ�RUDO���RU�UHDVRQ�IRU�ODFN�RI
FRQVHQW��VKRXOG�EH�LQGLFDWHG�LQ�WKH
0HWKRGV�VHFWLRQ�RI�\RXU�PDQXVFULSW�

3OHDVH�HQWHU�WKH�QDPH�RI�WKH�,5%�RU
(WKLFV�&RPPLWWHH�WKDW�DSSURYHG�WKLV�VWXG\
LQ�WKH�VSDFH�EHORZ��,QFOXGH�WKH�DSSURYDO
QXPEHU�DQG�RU�D�VWDWHPHQW�LQGLFDWLQJ
DSSURYDO�RI�WKLV�UHVHDUFK�

$QLPDO�5HVHDUFK��LQYROYHG�YHUWHEUDWH
DQLPDOV��HPEU\RV�RU�WLVVXHV�

$OO�DQLPDO�ZRUN�PXVW�KDYH�EHHQ
FRQGXFWHG�DFFRUGLQJ�WR�UHOHYDQW�QDWLRQDO
DQG�LQWHUQDWLRQDO�JXLGHOLQHV��,I�\RXU�VWXG\
LQYROYHG�QRQ�KXPDQ�SULPDWHV��\RX�PXVW
SURYLGH�GHWDLOV�UHJDUGLQJ�DQLPDO�ZHOIDUH
DQG�VWHSV�WDNHQ�WR�DPHOLRUDWH�VXIIHULQJ�
WKLV�LV�LQ�DFFRUGDQFH�ZLWK�WKH
UHFRPPHQGDWLRQV�RI�WKH�:HDWKHUDOO
UHSRUW���7KH�XVH�RI�QRQ�KXPDQ�SULPDWHV�LQ
UHVHDUFK���7KH�UHOHYDQW�JXLGHOLQHV
IROORZHG�DQG�WKH�FRPPLWWHH�WKDW�DSSURYHG
WKH�VWXG\�VKRXOG�EH�LGHQWLILHG�LQ�WKH�HWKLFV
VWDWHPHQW�

,I�DQHVWKHVLD��HXWKDQDVLD�RU�DQ\�NLQG�RI
DQLPDO�VDFULILFH�LV�SDUW�RI�WKH�VWXG\�
SOHDVH�LQFOXGH�EULHIO\�LQ�\RXU�VWDWHPHQW
ZKLFK�VXEVWDQFHV�DQG�RU�PHWKRGV�ZHUH
DSSOLHG�

3OHDVH�HQWHU�WKH�QDPH�RI�\RXU�,QVWLWXWLRQDO
$QLPDO�&DUH�DQG�8VH�&RPPLWWHH��,$&8&�
RU�RWKHU�UHOHYDQW�HWKLFV�ERDUG��DQG
LQGLFDWH�ZKHWKHU�WKH\�DSSURYHG�WKLV
UHVHDUFK�RU�JUDQWHG�D�IRUPDO�ZDLYHU�RI
HWKLFDO�DSSURYDO��$OVR�LQFOXGH�DQ�DSSURYDO
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QXPEHU�LI�RQH�ZDV�REWDLQHG�

)LHOG�3HUPLW

3OHDVH�LQGLFDWH�WKH�QDPH�RI�WKH�LQVWLWXWLRQ
RU�WKH�UHOHYDQW�ERG\�WKDW�JUDQWHG
SHUPLVVLRQ�

'DWD�$YDLODELOLW\

3/26�MRXUQDOV�UHTXLUH�DXWKRUV�WR�PDNH�DOO
GDWD�XQGHUO\LQJ�WKH�ILQGLQJV�GHVFULEHG�LQ
WKHLU�PDQXVFULSW�IXOO\�DYDLODEOH��ZLWKRXW
UHVWULFWLRQ�DQG�IURP�WKH�WLPH�RI
SXEOLFDWLRQ��ZLWK�RQO\�UDUH�H[FHSWLRQV�WR
DGGUHVV�OHJDO�DQG�HWKLFDO�FRQFHUQV��VHH
WKH�3/26�'DWD�3ROLF\�DQG�)$4�IRU�IXUWKHU
GHWDLOV���:KHQ�VXEPLWWLQJ�D�PDQXVFULSW�
DXWKRUV�PXVW�SURYLGH�D�'DWD�$YDLODELOLW\
6WDWHPHQW�WKDW�GHVFULEHV�ZKHUH�WKH�GDWD
XQGHUO\LQJ�WKHLU�PDQXVFULSW�FDQ�EH�IRXQG�

<RXU�DQVZHUV�WR�WKH�IROORZLQJ�FRQVWLWXWH
\RXU�VWDWHPHQW�DERXW�GDWD�DYDLODELOLW\�DQG
ZLOO�EH�LQFOXGHG�ZLWK�WKH�DUWLFOH�LQ�WKH
HYHQW�RI�SXEOLFDWLRQ��3OHDVH�QRWH�WKDW
VLPSO\�VWDWLQJ�ಫGDWD�DYDLODEOH�RQ�UHTXHVW
IURP�WKH�DXWKRUಬ�LV�QRW�DFFHSWDEOH��,I�
KRZHYHU��\RXU�GDWD�DUH�RQO\�DYDLODEOH
XSRQ�UHTXHVW�IURP�WKH�DXWKRU�V���\RX�PXVW
DQVZHU�ಯ1Rರ�WR�WKH�ILUVW�TXHVWLRQ�EHORZ�
DQG�H[SODLQ�\RXU�H[FHSWLRQDO�VLWXDWLRQ�LQ
WKH�WH[W�ER[�SURYLGHG�

'R�WKH�DXWKRUV�FRQILUP�WKDW�DOO�GDWD
XQGHUO\LQJ�WKH�ILQGLQJV�GHVFULEHG�LQ�WKHLU
PDQXVFULSW�DUH�IXOO\�DYDLODEOH�ZLWKRXW
UHVWULFWLRQ"

<HV���DOO�GDWD�DUH�IXOO\�DYDLODEOH�ZLWKRXW�UHVWULFWLRQ

3OHDVH�GHVFULEH�ZKHUH�\RXU�GDWD�PD\�EH
IRXQG��ZULWLQJ�LQ�IXOO�VHQWHQFHV��<RXU
DQVZHUV�VKRXOG�EH�HQWHUHG�LQWR�WKH�ER[
EHORZ�DQG�ZLOO�EH�SXEOLVKHG�LQ�WKH�IRUP
\RX�SURYLGH�WKHP��LI�\RXU�PDQXVFULSW�LV
DFFHSWHG��,I�\RX�DUH�FRS\LQJ�RXU�VDPSOH
WH[W�EHORZ��SOHDVH�HQVXUH�\RX�UHSODFH�DQ\
LQVWDQFHV�RI�;;;�ZLWK�WKH�DSSURSULDWH
GHWDLOV�

,I�\RXU�GDWD�DUH�DOO�FRQWDLQHG�ZLWKLQ�WKH
SDSHU�DQG�RU�6XSSRUWLQJ�,QIRUPDWLRQ�ILOHV�
SOHDVH�VWDWH�WKLV�LQ�\RXU�DQVZHU�EHORZ�
)RU�H[DPSOH��ಯ$OO�UHOHYDQW�GDWD�DUH�ZLWKLQ
WKH�SDSHU�DQG�LWV�6XSSRUWLQJ�,QIRUPDWLRQ
ILOHV�ರ
,I�\RXU�GDWD�DUH�KHOG�RU�ZLOO�EH�KHOG�LQ�D
SXEOLF�UHSRVLWRU\��LQFOXGH�85/V�
DFFHVVLRQ�QXPEHUV�RU�'2,V��)RU�H[DPSOH�
ಯ$OO�;;;�ILOHV�DUH�DYDLODEOH�IURP�WKH�;;;

'DWD�RQ�KXPSEDFN�ZKDOH�VLJKWLQJ�SRVLWLRQ��*36���GDWHV�DQG�JURXS�FRPSRVLWLRQ�LV
SURYLGHG�LQ�D�VXSSRUWLQJ�ILOH��H[FHOO�
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GDWDEDVH��DFFHVVLRQ�QXPEHU�V��;;;�
;;;����,I�WKLV�LQIRUPDWLRQ�ZLOO�RQO\�EH
DYDLODEOH�DIWHU�DFFHSWDQFH��SOHDVH
LQGLFDWH�WKLV�E\�WLFNLQJ�WKH�ER[�EHORZ�
,I�QHLWKHU�RI�WKHVH�DSSOLHV�EXW�\RX�DUH�DEOH
WR�SURYLGH�GHWDLOV�RI�DFFHVV�HOVHZKHUH�
ZLWK�RU�ZLWKRXW�OLPLWDWLRQV��SOHDVH�GR�VR�LQ
WKH�ER[�EHORZ��)RU�H[DPSOH�

ಯ'DWD�DUH�DYDLODEOH�IURP�WKH�;;;
,QVWLWXWLRQDO�'DWD�$FFHVV���(WKLFV
&RPPLWWHH�IRU�UHVHDUFKHUV�ZKR�PHHW�WKH
FULWHULD�IRU�DFFHVV�WR�FRQILGHQWLDO�GDWD�ರ

ಯ'DWD�DUH�IURP�WKH�;;;�VWXG\�ZKRVH
DXWKRUV�PD\�EH�FRQWDFWHG�DW�;;;�ರ

�W\SHVHW

$GGLWLRQDO�GDWD�DYDLODELOLW\�LQIRUPDWLRQ�
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ABSTRACT 16 

Understanding the patterns of spatial and temporal distribution in threshold habitats of 17 

highly migratory and endangered species is important for understanding their habitat 18 

requirements and recovery trends. Herein, we present new data about the distribution of 19 

humpback whales (Megaptera novaeangliae) in neritic waters off the northern coast of 20 

Peru: an area that constitutes a transitional path from cold, upwelling waters to warm 21 

equatorial waters where the breeding habitat is located. Data was collected during four 22 

consecutive austral winter/spring seasons from 2010 to 2013, using whale-watching boats 23 

as platforms for research. A total of 1048 whales distributed between 487 groups were 24 

sighted. The spatial distribution of humpbacks resembled the characteristic segregation of 25 

whale groups according to their size/age class and social context in breeding habitats; 26 

mother and calf pairs were present in very shallow waters close to the coast, while dyads, 27 

trios or more whales were widely distributed from shallow to moderate depths over the 28 

continental shelf break. Sea surface temperatures (range: 18.2-25.9°C) in coastal waters 29 

were slightly colder than those closer to the oceanic realm, likely due to the influence of 30 

cold upwelled waters from the Humboldt Current system. Our results provide new evidence 31 

of the southward extension of the breeding region of humpback whales in the Southeast 32 

Pacific. Integrating this information with the knowledge from the rest of the breeding 33 

region and foraging grounds would enhance or current understanding of population 34 

dynamics and recovery trends of this species.      35 

KEY WORDS: Upwelling, calving, migration, Megaptera novaeangliae, Humboldt 36 

Current Ecosystem 37 



Introduction 38 

Several taxa of marine megafauna (e.g., sea turtles, albatrosses, cetaceans) undertake long 39 

distance migrations between functionally different habitats types, usually from breeding 40 

areas to foraging grounds and vice versa. Oceanographic structures such as thermal fronts 41 

are key components driving baleen whales movements and foraging patterns as prey 42 

aggregates within and surrounding the fronts [1, 2]. The functional role of thermal fronts in 43 

breeding areas is less understood since baleen whales feed little during their breeding 44 

season [3]. It is thought that humpback whales (Megaptera novaeangliae) may use thermal 45 

fronts as an environmental cue indicating the proximity of warm neritic waters during their 46 

breeding migration from oceanic waters. However, little is known about the distributional 47 

patterns of these whales in such habitats.      48 

Among humpback whale populations, the individuals inhabiting the Southeast 49 

Pacific region perform the longest migration (ca., 8000 km), moving from Antarctic and 50 

Magellanic feeding grounds to the breeding region in neritic waters from the coast of 51 

Ecuador up to Costa Rica, crossing the Equator during the austral winter/spring [4–6]. The 52 

travelled distance is approximately 3000 to 4000 km longer than that estimated for other 53 

migrating humpback whale populations worldwide [7]. This extended migration is 54 

explained because humpbacks whales seem to search for warmer habitats to avoid the 55 

influence of the cold upwelling waters of the Humboldt Current ecosystem extending from 56 

central-southern Chile (~40°S) to northern Peru (~4°S) during their breeding migration [8, 57 

9]. The average sea surface temperature along neritic waters of the Humboldt Current 58 

system during the austral winter and spring months varies between 14-18°C [10], which is 59 



colder than the estimated thermal range i.e., 21.1°-28.3°C. This is characteristic of breeding 60 

and calving areas for humpback whales worldwide [11].  61 

Humpback whales are thought to breed in calm, warm waters because their blubber 62 

layer at birth is thin, allowing energy to be invested in growth and development [12], which 63 

ultimately enhances calf development and survival. In breeding/calving regions, mother and 64 

calf pairs usually prefer to inhabit calm, shallow waters because this may prevent 65 

disturbance by competitive males [13, 14] and potential predation from killer whales [15, 66 

16]. This habitat preference explains the conspicuous distributional pattern observed in 67 

breeding/calving regions in which group of whales segregate according to their size/age 68 

composition and social context. Although all individuals are present in neritic waters, 69 

mother and calf groups typically occupy shallower waters closer to shore, while groups 70 

composed of adult (e.g. competitive groups) and sub-adult individuals are widely 71 

distributed between shallow, moderate depths and the continental shelf break. This 72 

distributional pattern has been recorded in wintering areas of the Southeast Pacific 73 

population off the coast of Ecuador [9], [17] and Colombia [18], resembling the patterns 74 

observed in breeding regions elsewhere e.g., Costa Rica [19, 20], Hawaii [21, 22], Brazil 75 

[23], Madagascar [24] and eastern Australia [25]. However, the segregated pattern may not 76 

be evident in all wintering areas as it may depend on site-specific characteristics related to a 77 

suite of abiotic factors and the extent of human disturbance. For example, Cartwright et al. 78 

[26] found a non-segregated pattern in mother-calf and adult groups´ distribution as the 79 

whales  were  present   in  similar  depth  ranges  close   to  a  boat  harbor  at   the  Au’au  Channel,  80 

Hawaii. 81 



 The northern coast of Peru (between 3°- 6°S) may constitute a stepping stone during 82 

the seasonal migration of humpback whales into the equatorial breeding/calving region, 83 

because in this area cold upwelling waters that flow northward of the Humboldt Current 84 

ecosystem converge with warm waters coming southwards from the Equator, forming a 85 

thermal front (see Fig.1) that may serve as an indicator for moving from oceanic waters to 86 

the neritic breeding/calving region [8, 9], when migrating from high latitudes towards the 87 

Equator. However, the available information does not allow clear inferences about the 88 

functionality of this region i.e., whether the area serves as a transitional passage during 89 

migration or if the region is indeed a functional area for breeding and calving. The 90 

assessment of this aspect is important because humpback whales may breed during 91 

migration and not only in a defined breeding ground [22]. Peruvian whaling data of the 92 

20th century reports landings of humpback whale adults captured between 80 and 200 93 

miles off the coast in the northern region (~3°30°S to 8°S) [27], without providing catches 94 

or sightings in neritic waters. Humpback whale research since the cessation of whaling has 95 

been poor in this region and conducted only opportunistically with very limited spatial and 96 

temporal effort, precluding a thorough assessment of habitat functionality [28]. Recently, 97 

surveys conducted during individual seasons have reported the presence of mother-calf 98 

pairs in shallow waters, very close to the shore along the coast of Los Organos (~4°S) [29] 99 

and Sechura bay (~5.6°S) [30] (see Fig.1). In addition, the conspicuous surface activity 100 

throughout the winter/spring season has been reported [31]. Collectively, this information 101 

provides new insights about the southern extension of the breeding and calving region in 102 

the Southeast Pacific. 103 



 Herein, we present new information describing the distribution of humpback whales 104 

in neritic waters off northern Peru, encompassing four consecutive breeding seasons (2010 105 

– 2013). The objective was to assess the functionality of this area for breeding purposes 106 

under the prediction that the area is indeed a southward extension of the breeding and 107 

calving region. Thus, a segregated distributional pattern according to size/age group will be 108 

evident.             109 

MATERIALS AND METHODS  110 

Ethics statement 111 

This study only used noninvasive observational data. No tissues from live or dead whales 112 

were collected thus no specific permits were required for the described fieldwork as 113 

dictated by Ley Forestal y de Fauna Silvestre del Perú N°29763 (Forestry and Wildlife Law 114 

of Peru) and its Reglamento de la Ley Forestal y de Fauna Silvestre through a Decreto 115 

Supremo DS No 014-2001-AG (Supreme Decree for regulation). During the course of this 116 

study no whales were injured by any means of human interaction (e.g. vessel collision). 117 

During surveys, whales were carefully approached following a precautionary set of 118 

navigation rules (see details in the boat survey section).  119 

Study area  120 

We   conducted   surveys   in   the   coastal   area   between   Los   Organos   (4°10’38.23"S,  121 

81°8.27’4.83"W)  and  Cabo  Blanco  (4°15’1.36"S,  81°13’50.17"W) in northern Peru, during 122 

August, September and October from 2010 to 2013. This area is located within a 123 

transitional zone between the Tropical Eastern Pacific and the Temperate Southeastern 124 

Pacific ecoregions [32]. The transitional zone is made by the convergence between the 125 



cold, nutrient-rich Humboldt Current which flows northward and the warm, less productive 126 

Equatorial Countercurrent which flows to the East and the South. The coastal line in this 127 

area is straight without the presence of main inlets or embayments. Surveys were conducted 128 

so that neritic waters up to the transition to the oceanic realm over the continental shelf 129 

break were covered. 130 

 131 

Boat surveys  132 

Sightings of humpback whales were conducted from whale-watching platforms of research. 133 

During 2010, daily surveys were conducted using a boat of 6.7 m length and 2.4 m width 134 

with twin outboard engines (85HP each). Navigation from Los Organos started at 7:30 h 135 

and took one of two main routes. The first route consisted of sailing to an oil platform as a 136 

navigational reference point, heading south to Cabo Blanco, finally returning to Los 137 

Organos navigating parallel to the coastline (Fig. 2A). The second route headed to La 138 

Perelera bank and further offshore to the north-westernmost point at 14km, and then 139 

returning inbound to El Ñuro and finally back to Los Organos (Fig. 2A). Navigation 140 

usually finished at 11.00. In 2011, 2012 and 2013 two more boats (7.9 m length and 2.3 m 141 

width with a 150 HP engine and 8.8 m length and 3 m width with twin 200 HP engines, 142 

respectively) were added to the sightseeing effort. During these years humpback whales 143 

were located by one or two persons sighting whales from the top of a 30 m rocky cliff with 144 

the aid of binoculars and directing boat skippers towards the position of the groups via 145 

radio communication. The start and end times of the navigation were the same as in 2010. 146 

We followed a precautionary set of whale-watching rules during the surveys [33] in order 147 

to minimize the potential effect of the whale-watching boats on whales’ behavior. Once a 148 



whale or group was located, they were approached by skippers that maintained a distance 149 

of 30 to 100 m while and traveled in the same direction at the same speed as the whale(s). 150 

When a whale happened to surface too close to one of the boats, the engine was put into in 151 

neutral gear until the animal moved away from the boat. Observation time ranged from 10 152 

to 40 min. Observation time for mother-calf pairs were less than 25 min. During surveys, 153 

information about the number of whales, relative age/sex class and geographic position 154 

(GPS with WGS 84 system) at the closest position of the skipper closest to whales was 155 

taken. The depths of the sighted groups were derived from the recorded GPS positions, 156 

plotted in a bathymetric map of the area using the application ArcMap in ArcGIS version 157 

10. A group was defined as the total number of animals within ca. 100 m radius, moving in 158 

the same direction and usually exhibiting similar displacement/breathing pattern. 159 

Occasionally, groups of whales were sighted at close range, but they were not included as 160 

part of the group unless they showed obvious interaction with the first sighted group. Even 161 

though we used fixed routes during 2010, our data set may be biased because during 2011, 162 

2012 and 2013 surveys were directed by observers on land. At the beginning of the trip, the 163 

observers guided the boats to the first visible whale group. After the first sighting boats 164 

navigated the area randomly searching for more humpback whales. Thus, the survey effort 165 

was never concentrated in a particular location or time. When two or three groups of whales 166 

were visible to the land observer, boats were directed to each group individually. In this 167 

way, all visible groups were registered by the boat crew.    168 

Group composition  169 

The size and composition of the group was determined in situ using the following criteria; 170 

single, dyad, trio or groups of more than three individuals which generally consisted of 171 



relatively large animals (likely adult and/or subadult or a combination of both) following a 172 

fairly synchronized breathing and swimming pattern or engaging in competitive behavior 173 

(i.e., intense surface activity involving repetitive breaching or whales charging each other, 174 

sensu [31]). Groups involving the presence of calves include mother-calf pairs, consisting 175 

of a fully grown female and its calf, which is an individual with light grey body coloration, 176 

measuring at half (or less) the length of a large individual always swimming together. A 177 

second type of group arises when the mother-calf pairs are accompanied by an escort: an 178 

escort an individual of equivalent or smaller size than the mother. The final group type is 179 

simply a mother-calf pair accompanied by more than one escort.  180 

Sea surface temperatures   181 

To characterize the thermal variability in the study area, satellite sea-surface temperature 182 

data (MODIS-Aqua satellite) was obtained from IMARPE (Instituto del Mar del 183 

Peru/Peruvian Sea Institute), which is provided by the National Oceanic and Atmospheric 184 

Administration (NOAA) and the NAVOCEANO agency of the U.S. Navy. The information 185 

consisted of daily average of sea surface temperature which were taken from August to 186 

October during 2010, 2011, 2012 and 2013 at two sampling sites located at the northern 187 

part of the area over a neritic and a transitional location (i.e. from neritic to oceanic waters) 188 

and two additional sites located at the southern area in similar deployment (Fig. 2B).  189 

Statistical analysis 190 

Temporal patterns of variation of the group types were studied using simple linear 191 

regression with time as predictor and the abundance of groups (expressed as number of 192 

sighted groups per number of trips during the respective survey month) as the dependent 193 



variable. This variable was used in order to reduce the variation due to the differences in 194 

sampling effort, i.e., different number of trips in each month. To assess the existence of a 195 

segregate pattern in the spatial distribution of humpback whale group types, we followed 196 

the approach of Cartwright et al. [26]. We used Neu test [34-35] to evaluate the degree of 197 

preference for a given bathymetric range (i.e., 0-20, 20-50, 50-100, and 100-200 m depth) 198 

considering such ranges as proxies of habitat use. First, the area between two isobaths (in 199 

km2) in each bathymetric range was estimated and Chi-square test was used to assess the 200 

preference of each group type for a given area. Then, Bonferroni ranks were used to 201 

estimate whether bathymetric ranges were disproportionally used by humpback whale 202 

groups   (see   [26]).   These   ranks   are   confidence   intervals   of   the   “Z”   Bonferroni´s   formula  203 

which includes   the  proportion  of  observed  groups  and  the  values  of  “Z”  distribution.  The  204 

proportions of the expected groups are estimated in function of the area for each 205 

bathymetric range. Then, habitat use was designated in a function of the relationship 206 

between the expected and observed proportion of the groups and the 95% confidence 207 

interval according to the following criteria: (a) avoided; if of the observed proportion of 208 

groups in each bathymetric rage was entirely below the expected proportion of groups. (b) 209 

preferred, if the observed proportion of groups in each bathymetric rage was entirely above 210 

the expected proportion of groups or (c) neutral if the observed groups were contained in 211 

the   expected   proportion   of   groups   within   the   confidence   intervals.   Neu’s   standardized 212 

selection indices were also calculated since these provide comparable indices of habitat use. 213 

Higher values were assumed to be stronger indicative of preference for a given habitat. 214 

Neu’s   analyses   were   conducted   using   pooled   data   (all   months   and   years) of sighting 215 

positions since such analysis need many observations to produce meaningful statistics. 216 

Mother-calf pairs with more than one escort group were excluded from this analysis due to 217 



the low number of observations. All statistical analyses were performed using the software 218 

Statistica 6.0 and PAST version 2.17.   219 

RESULTS  220 

A total of 279 trips were conducted during the four winter-spring seasons between 221 

2010 and 2013. A total of 1064 whales distributed between 487 groups were recorded in a 222 

total of 322.3 hours of observation (Table 1, see supplementary material for details of 223 

groups sighting positions). The most abundant group type was mother-calf pairs (n=127) 224 

followed by dyads (n=122) and singles (n=118). Of the total number of groups composed 225 

by three or more whales (n=53), 28.5% (n=15) were competitive groups. It should be noted 226 

that there was some variation in the observational effort between years for example, during 227 

2012 and 2013 the number of trips were twofold compared to the breeding season in 2010 228 

and 2011 (Table 1). 229 

Temporal variation of whale group types 230 

Two temporal patterns were clear; singles, dyads and groups made by three or more 231 

individuals were more abundant during the first month of the season but tended to 232 

significantly decrease towards the end of the study period (Fig. 3). An opposite temporal 233 

pattern was evident for mother-calf pairs, mother-calf and escort and mother-calf and more 234 

escorts groups, which showed a trend to increase in abundance during the second half of the 235 

season (Fig. 3).  236 

Spatial distribution and habitat preference 237 



Of the sightings, ninety eight percent were distributed in the neritic zone i.e., from 238 

the shore to the 200 m isobath, but whales density was specific to depth ranges depending 239 

on group composition (Table 2). According to the Neu test, mother-calf pairs, and mother-240 

calf and escort groups showed a strong preference for the 20-50 m depth range (Table 3, 241 

Fig. 4), although mother-calf groups also occurred in the 0-20 m range. No test was 242 

conducted for mother-calf and more than one escort groups but the sighting positions 243 

suggest a wide distribution over the survey area (Fig. 4). Singles preferred the 20-50 m 244 

range while dyads showed a preference for the 20-50 and 50-100 m depth ranges although a 245 

strong preference for the latter range was detected (Fig. 5). Groups composed by three or 246 

more individuals showed equal preference for 20-50 and 50-100 m depth ranges (Fig. 5). 247 

Overall, a segregated spatial pattern was evident; group of whales with calves, particularly 248 

mother-calf pairs preferred shallow areas while groups with no calves were more widely 249 

distributed throughout the habitat range.  250 

      251 

Sea surface temperature variability 252 

The mean value of sea surface temperature for all study seasons was 22.09°C, with 253 

the 2012 season being the coldest and the 2013 the warmest (Table 4). Temperature values 254 

were warmer at northern locations compared to the southern part of the study area (Table 255 

4). The south-neritic area was the coldest of all with a mean value of 21.3°C with 18.25°C 256 

as minimum value. The warmest area was the transitional neritic-oceanic zone where the 257 

mean was 23°C. The neritic-north and transitional neritic-oceanic areas showed fairly 258 

similar sea surface temperature values (Table 4). It is worth noting that the ca. 7°C of 259 

difference between maximum and minimum sea surface temperature values delete may 260 



account for the strong thermal variability produced by the convergence of the cold 261 

upwelling system and warm equatorial waters in the study region.  262 

DISCUSSION 263 

Our results provide new evidence that the northern coast of Peru may not only 264 

represent a migratory route from oceanic waters to the neritic realm during their seasonal 265 

breeding migration as suggested in the early literature [8]. Humpback whales in our study 266 

area depicted the segregate pattern of spatial distribution characteristic of this species in 267 

their breeding/calving grounds i.e., groups made up by dyads, trios and more than three 268 

individuals were present from moderated depths towards the continental shelf while mother 269 

and calf pairs were present in very shallow waters. The record of 194 groups with calves, 270 

particularly the presence of mother – calf and escort groups which are conspicuous in 271 

wintering regions [36], the presence of large competitive groups adds further evidence of 272 

the breeding and calving function of the northern coast of Peru.  273 

The results of this study complement previous information pointing to the breeding 274 

functionality of this area such as the absence of a consistent direction in the displacement of 275 

the whales suggesting constant movement within the area (e.g., males actively moving 276 

searching for receptive females) [29]. The high abundance of single, dyad and mother and 277 

calf groups during August, September and October during four consecutive seasons 278 

corroborate the functionality of this area as a breeding and calving habitat. Our data shows 279 

that groups without calves progressively decrease towards the second half of the season and 280 

instead groups with calves increase as the seasons ends. These suggest that although mating 281 

activity occurs during the whole season, breeding and calving seems to be more important 282 

during the second half of the season [20]. This type of temporal change has been observed 283 



in breeding areas elsewhere e.g., Abrolhos archipelago, Brasil, [37]. Groups of humpback 284 

whales, including many calves, usually leave the breeding area at the end of the season. 285 

Very young calves and new mothers stay in calm waters until the calves are strong enough 286 

to undertake the migration south. Unfortunately, our data does not allow us precise 287 

information regarding the type of sex/age composition of the individuals at the beginning of 288 

the season. We speculate that these may be principally adult females leaving the area after 289 

mating, while males may stay and change their reproductive strategy to searching for post-290 

partum mating chances in mother and calf pairs [38-39]. This is supported by the increase 291 

of groups involving escorts towards the end of the season. Further studies using molecular 292 

techniques are still necessary to understand the sequence of arrival and departures of 293 

humpback whales in this region.       294 

Spatially, the 98% of the sighted humpbacks were in the neritic zone (< 200m 295 

depth) which is similar to the sighting percentage reported in breeding areas elsewhere e.g. 296 

[19], [40–43]. The existence of a segregated pattern of distribution is a characteristic of 297 

breeding and calving regions and such pattern occurs regardless of the width, slope or the 298 

distance of the continental shelf to the coast. For example, the segregated patterns have 299 

been observed in locations with a wide and shallow continental shelf such as the breeding 300 

region off Puerto Lopez (Ecuador) [8], while at Salinas (also Ecuador) [16] and Antogil 301 

Bay (Madagascar) [23] humpback whales depicted the segregated pattern even though in 302 

these locations the continental shelf is narrow with a steep slope. Behavior and social 303 

organization finally determine habitat preference of this species: the need for calm, warm 304 

waters for calving away from competitive groups is often reported as the main explanation 305 

for the coastal distribution of mother and calf groups [12-13]. However, geomorphology 306 



and anthropogenic impact in the breeding region also play a role in humpback whales local 307 

distribution. Cartwright et al. [26] studying the distribution of humpbacks whales at the 308 

Au’au  channel  (an  important  breeding  area  of  the  Hawaiian  islands) found a spatial overlap 309 

between mother-calf pairs and adults groups, both distributed over 40 - 60 m depth. The 310 

narrowness of the channel together with disturbance by recreational boats in shallow waters 311 

seemed to be the cause of this non-segregated spatial pattern [26]. Our results suggest that 312 

there is a spatial overlap among mother-calf pairs, mother-calf and escort and singles since 313 

these groups shared a strong preference for the 20-50 m depth range. In our study region 314 

(~7°S and further north), the continental shelf break is located at 5-9 km from the coast 315 

[44], thus the shelf is rather narrow and steep which may explain the certain degree spatial 316 

overlap among humpbacks groups before moving into deeper waters. For this study, the 317 

influence of the artisanal fishery boats in this coastal region, particularly when gathering at 318 

the ports, has not been considered. As suggested before [26], such a concentration of 319 

vessels may prevent whales from coming closer to the shore, especially mother and calf 320 

groups. However, this is a topic that needs to be assessed in future studies. 321 

To reveal the segregated spatial pattern of distribution of humpback whales groups, 322 

it was necessary that surveys covered coastal areas as well as waters over the continental 323 

shelf break. Such spatial cover was achieved during our trips although not systematically 324 

during all sampling seasons. For example, during the 2010 season the first navigation route 325 

was fixed and always reached waters over the 200 m isobaths. However, during the 2011-326 

2013 seasons navigation to deeper waters were less frequent. As we previously stated, such 327 

differences in survey effort may bias results since sighting rates of a given group type may 328 

differ between random navigation and fixed transect surveys. Despite of this 329 



methodological shortcoming, our data revealed significant temporal and spatial patterns of 330 

distribution. However, we suggest caution when comparing these results with studies using 331 

transect surveys.          332 

The variability of sea surface temperature in our study region revealed that 333 

humpback whales experience rather colder conditions; the mean was 21.5°C during all the 334 

seasons which is three degrees lower than the average estimate for breeding regions 335 

worldwide [11]. Indeed, we registered minimum values of ~18.5°C in the southern-neritic 336 

zone. Migratory humpback whales in the Southern Hemisphere oceans breed at ~14°S, 337 

(although recent surveys demonstrate the existence of breeding areas near the equator in the 338 

eastern tropical Atlantic e.g. Gulf of Guinea for some South Atlantic stock [45]) while the 339 

southeast Pacific stock extends its migration close to lower latitudes and even crossing the 340 

equator [4], [8]. Early literature suggested that humpback whales would avoid the influence 341 

of the cold neritic conditions imposed by the Humboldt upwelling ecosystem and 342 

humpback whales would approach neritic waters when encountering warm conditions 343 

further north at the equatorial realm [8]. However, our results suggest that the northern 344 

coast of Peru may constitute a threshold between upwelling conditions and equatorial 345 

waters and such transitional habitat may constitute an extension of the breeding and calving 346 

region. Sea surface temperature values of this region ranged between the lowest values 347 

reported for other breeding regions e.g. 19-20 °C at Bonin and Ryukyu Islands, Japan [11]. 348 

However, much research is still needed to reveal the influence of the thermal gradients on 349 

humpback whales distribution and habitat requirements, particularly for mother-calf pairs 350 

and newborn calves. For example, there are two existing observations of humpback whale 351 

parturition [46, 47] and only the observation in Brazilian waters reports a sea surface 352 



temperature of 24°C at the moment of birth [46]. Although very preliminary, this may 353 

suggest that births occur in warmer areas inside the breeding region and that zones with 354 

slightly colder temperatures may function principally as habitats for calf development. 355 

However, the fact that we recorded calves in relatively colder temperatures indicates that 356 

they are capable of surviving these conditions and may not need to be born in warmer 357 

waters. Detailed studies describing the morphology and behavior of the calves e.g. [12] 358 

along the breeding region are necessary for a better understanding of the dynamics of this 359 

delicate life stage during the life of a humpback whale. It is important to mention that the 360 

population of humpback whales is increasing [48] and likely their presence in neritic waters 361 

off Peru may constitute an indicative of breeding range expansion. It is possible that 362 

breeding in more northern areas occurred in the past because these areas were the optimal 363 

habitats. Currently, these areas may be saturated and whales are looking for other breeding 364 

areas further south. The presence of several calves reported here supports this notion.  365 

  While we provide new information about the distribution of humpbacks at the 366 

southern limit of the breeding and calving region, there is also renewed evidence of a 367 

northward recovery of the former feeding grounds in the Patagonia region [48, 49]. 368 

Collectively, these apparent extensions of both breeding and feeding regions suggest that 369 

this species is likely recovering and returning to its former distributional ranges before the 370 

industrial whaling period. This conclusion is supported with recent estimations of 371 

population size, suggesting steady increments throughout time during the last ca. 20 years 372 

[50]. However, it should be noted that these numbers may be underestimated since 373 

calculations were based on data obtained in a fraction of the breeding area (i.e., off 374 

Ecuador). Enhancing multinational research efforts along the Southeast Pacific would 375 



improve our ecological knowledge and population status of this species which also would 376 

improve management and conservation efforts for this species. 377 

Outlook 378 

In this study, we have highlighted the neritic presence of humpback whales during their 379 

breeding migration off the coast of northern Peru. However, this coastal distribution makes 380 

the species prone to entanglement and mortality with gillnet fisheries [51]. It is mandatory 381 

to regulate the use of such fishing gears during the seasonal presence of this species in 382 

neritic habitats. In ecological terms, little is known about the displacement patterns of this 383 

species within the breeding region. Satellite tracking and photo-identification research may 384 

reveal the timing and specific habitat requirements during the breeding season and these are 385 

topics that should be addressed in the near future. Although, we acknowledge the use of 386 

whale-watching boats as platforms for investigation opportunities for, humpback whale 387 

research in this region should be complemented with other types of sampling such as focal-388 

group followed and transect surveys aimed at testing specific hypotheses on ecological and 389 

behavioral aspects of this species.  390 
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Table 1. Summary of the sighting effort and total number of groups per year registered 547 

during the study period.  548 

 N°- 
Trips 

Hrs. 
Observation 

N°-
Whales 
(Total) 

Single Dyad Three 
or more 

Mother-
calf 

Mother-
calf/escort 

Mother-
calf/>escort 

2010 71 65.9 241 29 23 5 33 19 4 
2011 49 51.3 163 19 23 6 20 8 3 
2012 76 84.1 273 15 43 18 30 10 3 
2013 83 120.9 387 55 33 24 44 18 2 
Total  279 322.2 1064 118 122 53 127  55 12 
 549 

  550 



Table 2. Percentage and total number of groups in each depth range registered during the 551 

study period. 552 

 Single Dyad Three or more Mother-calf Mother-
calf/escort 

Mother-
calf/>escort 

Depth (m) % n % n % n % n % n % n 
0-20 8 10 8 10 4 2 20 25 16 9 17 2 
20-50 41 48 23 28 23 12 50 64 49 27 25 3 
50-100 42 49 59 72 51 27 28 35 35 19 50 6 
100-200 9 11 19 12 23 12 2 3 - - 8 1 
 553 

  554 



Table 3. Summary of Neu´s test  statistics  for  humpback  whales  groups’  habitat  preference.  555 

“*”  denotes  higher  index  values  thus  regarded  as  strong  preference.   556 

 Habitat 
Depth 
ranges 

Area 
(km2) 

Expected 
groups 

Observed 
groups 

Observed 
proportions 

95% C.I. Proportion 
of total 
study area 

Neu´s Index Inference 

Mother-calf 0-20 43.46 18.3 25 0.197 (0.155-0.238) 0.144 0.282 Preferred 
 20-50 56.23 23.7 64 0.504 (0.452-0.556) 0.186 0.558 Preferred* 

 50-100 121.39 51.1 35 0.276 (0.229-0.322) 0.402 0.141 Avoided 

 100-200 80.69 34 3 0.024 (0.008-0.040) 0.267 0.018 Avoided 

Mother-
calf/escort 

0-20 43.46 7.9 9 0.164 (0125-0.202) 0.144 0.245 Neutral 

 20-50 56.23 10.2 27 0.491 (0.439-0.543) 0.186 0.569 Preferred* 

 50-100 121.39 22.1 19 0.345 (0.296-0.395) 0.402 0.185 Avoided 

 100-200 80.69 14.7 0 0 0 0.267 0 Avoided* 

Single 0-20 43.46 16.8 10 0.086 (0.057-0.116) 0.144 0.144 Avoided 
 20-50 56.23 21.8 47 0.405 (0.354-0.457) 0.186 0.525 Preferred* 

 50-100 121.39 47.1 49 0.422 (0.371-0.474) 0.402 0.253 Neutral 

 100-200 80.69 31.3 10 0.086 (0.057-0.116) 0.267 0.078 Avoided 

Dyad 0-20 43.46 18.7 10 0.0787 (0.051-0.107) 0.144 0.150 Avoided 
 20-50 56.23 24.2 32 0.2520 (0.207-0.297) 0.186 0.370 Preferred 

 50-100 121.39 52.3 76 0.5984 (0.547-0.650) 0.402 0.407 Preferred* 

 100-200 80.69 34.8 9 0.0709 (0.044-0.098) 0.267 0.073 Avoided 

>Three 0-20 43.46 43.4 2 0.0426 (0.021-0.064) 0.144 0.082 Avoided 
 20-50 56.23 56.2 12 0.2553 (0.210-0.301) 0.186 0.381 Preferred 

 50-100 121.39 20.9 26 0.5532 (0.501-0.605) 0.402 0.382 Preferred 

 100-200 80.69 13.9 7 0.1489 (0.112-0.186) 0.267 0.155 Avoided 

 557 

  558 



Table 4. Summary of sea surface temperature values recorded during the study period. 559 

Neritic north (N.N.), neritic south (N.S.), transitional north (T.N.) and transitional south 560 

(T.S.) 561 

 Mean °C Max °C Min°C N.N. °C N.S. °C T.N. °C T.S. °C 
2010 22.3±1.4 25.9 19.1 22.7±1.3 21.8±1.5 22.8±1.2 22.1±1.4 
2011 21.7±1.03 25.4 18.2 21.9±1 21.1±1.1 22.2±0.9 21.6±1.05 
2012 21.3±0.9 23.8 19.2 21.7±0.8 20.1±0.9 22±0.8 21.4±0.9 
2013 22.9±1.2 24.6 20 23±1.07 22.3±1.1 23.7±1.02 22.6±1.1 

  562 



Figure 1. The map at the right shows the location of the northern Peru region. Maps at the 563 

left show the distribution of sea surface isotherms (monthly means) during the 564 

three months surveys in 2013. The thermal front formed by the convergence of 565 

warm equatorial waters coming from the equator and waters of the Humboldt 566 

Current system flowing northward is observed. Isotherm images are freely 567 

available in http://satelite.imarpe.gob.pe/uprsig/sst_prov.html.      568 

Figure 2. (A) Routes followed during surveys. Solid and dotted arrows are routes during 569 

2010. Dashed arrows are representative of the boats displacement during 2011-570 

2013. (B) Four zones where satellite sea surface temperature values were recorded; 571 

neritic north (N.N.), neritic south (N.S.), transitional north (T.N.), transitional 572 

south (T.S.). The grey trapeze represents the survey area covering ca. 168 km2. 573 

Maps were redrawn from the oficial navigation chart of Peru (Carta Náutica del 574 

Perú, Dirección de Hidrografía y Navegación, Marina de Guerra del Perú).    575 

Figure 3. Humpback whales group types. Monthly means (all years) of the number of 576 

groups per trip per each sampling month.  577 

Figure 4. Maps showing GPS-positioned sightings of humpback whales groups; mother-578 

calf pairs, mother-calf and escort and mother-calf and more than one escort during 579 

the study period. Most preferred (dark grey) and preferred (light grey) bathymetric 580 

ranges are marked after Neu´s habitat index.  581 

Figure 5. Maps showing GPS-positioned sightings of single, dyads, three or more 582 

individuals of humpback whales group during the study period. Most preferred 583 

http://satelite.imarpe.gob.pe/uprsig/sst_prov.html


(dark grey) and preferred (light grey) bathymetric ranges are marked after Neu´s 584 

habitat index. 585 
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ABSTRACT 16 

Understanding the patterns of spatial and temporal distribution in threshold habitats of 17 

highly migratory and endangered species is important for understanding their habitat 18 

requirements and recovery trends. Herein, we present new data about the distribution of 19 

humpback whales (Megaptera novaeangliae) in neritic waters off the northern coast of 20 

Peru: an area that constitutes a transitional path from cold, upwelling waters to warm 21 

equatorial waters where the breeding habitat is located. Data was collected during four 22 

consecutive austral winter/spring seasons from 2010 to 2013, using whale-watching boats 23 

as platforms for research. A total of 1048 whales distributed between 487 groups were 24 

sighted. The spatial distribution of humpbacks resembled the characteristic segregation of 25 

whale groups according to their size/age class and social context in breeding habitats; 26 

mother and calf pairs were present in very shallow waters close to the coast, while dyads, 27 

trios or more whales were widely distributed from shallow to moderate depths over the 28 

continental shelf break. Sea surface temperatures (range: 18.2-25.9°C) in coastal waters 29 

were slightly colder than those closer to the oceanic realm, likely due to the influence of 30 

cold- upwelled waters from the Humboldt Current system. Our results, provides new 31 

evidence of the southward extension of the breeding region of humpback whales in the 32 

Southeast Pacific. Integrating this information with the knowledge from the rest of the 33 

breeding region and foraging grounds would enhance or current understanding of 34 

population dynamics and recovery trends of this species.      35 

KEY WORDS: Upwelling, calving, migration, Megaptera novaeangliae, Humboldt 36 

Current Ecosystem 37 



Introduction 38 

Several taxa of marine megafauna (e.g., sea turtles, albatrosses, cetaceans) undertake long 39 

distance migrations between functionally different habitats types, usually from breeding 40 

areas to foraging grounds and vice versa. Oceanographic structures such as thermal fronts 41 

are key components driving baleen whales movements and foraging patterns as prey 42 

aggregates within and surrounding the fronts [1, 2]. The functional role of thermal fronts in 43 

breeding areas is less understood since baleen whales feed little during their breeding 44 

season [3]. It is thought that humpback whales (Megaptera novaeangliae) may use thermal 45 

fronts as an environmental cue indicating the proximity of warm neritic waters during their 46 

breeding migration from oceanic waters. However, little is known about the distributional 47 

patterns of these whales in such habitats.      48 

Among humpback whale populations, the individuals inhabiting the Southeast 49 

Pacific region perform the longest migration (ca., 8000 km), moving from Antarctic and 50 

Magellanic feeding grounds to the breeding region in neritic waters from the coast of 51 

Ecuador up to Costa Rica, crossing the Equator during the austral winter/spring [4–6]. The 52 

travelled distance is approximately 3000 to 4000 km longer than that estimated for other 53 

migrating humpback whale populations worldwide [7]. This extended migration is 54 

explained because humpbacks whales seem to search for warmer habitats to avoid the 55 

influence of the cold upwelling waters of the Humboldt Current ecosystem extending from 56 

central-southern Chile (~40°S) to northern Peru (~4°S) during their breeding migration [8, 57 

9]. The average sea surface temperature along neritic waters of the Humboldt Current 58 

system during the austral winter and spring months varies between 14-18°C [10], which is 59 



colder than the estimated thermal range i.e., 21.1°-28.3°C. This is characteristic of breeding 60 

and calving areas for humpback whales worldwide [11].  61 

Humpback whales are thought to breed in calm, warm waters because their blubber 62 

layer at birth is thin, allowing energy to be invested in growth and development [12], which 63 

ultimately enhances calf development and survival. In breeding/calving regions, mother and 64 

calf pairs usually prefer to inhabit calm, shallow waters because this may prevent 65 

disturbance by competitive males [13, 14] and potential predation from killer whales [15, 66 

16]. This habitat preference explains the conspicuous distributional pattern observed in 67 

breeding/calving regions in which group of whales segregate according to their size/age 68 

composition and social context. Although all individuals are present in neritic waters, 69 

mother and calf groups typically occupy shallower waters closer to shore, while groups 70 

composed of adult (e.g. competitive groups) and sub-adult individuals are widely 71 

distributed between shallow, moderate depths and the continental shelf break. This 72 

distributional pattern has been recorded in wintering areas of the Southeast Pacific 73 

population off the coast of Ecuador [9], [17] and Colombia [18], resembling the patterns 74 

observed in breeding regions elsewhere e.g., Costa Rica [19, 20], Hawaii [21, 22], Brazil 75 

[23], Madagascar [24] and eastern Australia [25]. However, the segregated pattern may not 76 

be evident in all wintering areas as it may depend on site-specific characteristics related to a 77 

suite of abiotic factors and the extent of human disturbance. For example, Cartwright et al. 78 

[26] found a non-segregated pattern in mother-calf and adult groups´ distribution as the 79 

whales  were  present   in   similar  depth  ranges  close  to  a  boat  harbor  at   the  Au’au  Channel,  80 

Hawaii. 81 



 The northern coast of Peru (between 3°- 6°S) may constitute a stepping stone during 82 

the seasonal migration of humpback whales into the equatorial breeding/calving region, 83 

because in this area cold upwelling waters that flow northward of the Humboldt Current 84 

ecosystem converge with warm waters coming southwards from the Equator, forming a 85 

thermal front (see Fig.1) that may serve as an indicator for moving from oceanic waters to 86 

the neritic breeding/calving region [8, 9], when migrating from high latitudes towards the 87 

Equator. However, the available information does not allow clear inferences about the 88 

functionality of this region i.e., whether the area serves as a transitional passage during 89 

migration or if the region is indeed a functional area for breeding and calving. The 90 

assessment of this aspect is important because humpback whales may breed during 91 

migration and not only in a defined breeding ground [22]. Peruvian whaling data of the 92 

20th century reports landings of humpback whale adults captured between 80 and 200 93 

miles off the coast in the northern region (~3°30°S to 8°S) [27], without providing catches 94 

or sightings in neritic waters. Humpback whale research since the cessation of whaling has 95 

been poor in this region and conducted only opportunistically with very limited spatial and 96 

temporal effort, precluding a thorough assessment of habitat functionality [28]. Recently, 97 

surveys conducted during individual seasons have reported the presence of mother-calf 98 

pairs in shallow waters, very close to the shore along the coast of Los Organos (~4°S) [29] 99 

and Sechura bay (~5.6°S) [30] (see Fig.1). In addition, the conspicuous surface activity 100 

throughout the winter/spring season has been reported [31]. Collectively, this information 101 

provides new insights about the southern extension of the breeding and calving region in 102 

the Southeast Pacific. 103 



 Herein, we present new information describing the distribution of humpback whales 104 

in neritic waters off northern Peru, encompassing four consecutive breeding seasons (2010 105 

– 2013). The objective was to assess the functionality of this area for breeding purposes 106 

under the prediction that the area is indeed a southward extension of the breeding and 107 

calving region. Thus, a segregated distributional pattern according to size/age group will be 108 

evident.             109 

MATERIALS AND METHODS  110 

Ethics statement 111 

This study only used noninvasive observational data. No tissues from live or dead whales 112 

were collected thus no specific permits were required for the described fieldwork as 113 

dictated by Ley Forestal y de Fauna Silvestre del Perú N°29763 (Forestry and Wildlife Law 114 

of Peru) and its Reglamento de la Ley Forestal y de Fauna Silvestre through a Decreto 115 

Supremo DS No 014-2001-AG (Supreme Decree for regulation). During the course of this 116 

study no whales were injured by any means of human interaction (e.g. vessel collision). 117 

During surveys, whales were carefully approached following a precautionary set of 118 

navigation rules (see details in the boat survey section).  119 

Study area  120 

We   conducted   surveys   in   the   coastal   area   between   Los   Organos   (4°10’38.23"S,  121 

81°8.27’4.83"W) and  Cabo  Blanco  (4°15’1.36"S,  81°13’50.17"W)  in  northern  Peru,  during  122 

August, September and October from 2010 to 2013. This area is located within a 123 

transitional zone between the Tropical Eastern Pacific and the Temperate Southeastern 124 

Pacific ecoregions [32]. The transitional zone is made by the convergence between the 125 



cold, nutrient-rich Humboldt Current which flows northward and the warm, less productive 126 

Equatorial Countercurrent which flows to the East and the South. The coastal line in this 127 

area is straight without the presence of main inlets or embayments. Surveys were conducted 128 

so that neritic waters up to the transition to the oceanic realm over the continental shelf 129 

break were covered. 130 

 131 

Boat surveys  132 

Sightings of humpback whales were conducted from whale-watching platforms of research. 133 

During 2010, daily surveys were conducted using a boat of 6.7 m length and 2.4 m width 134 

with twin outboard engines (85HP each). Navigation from Los Organos started at 7:30 h 135 

and took one of two main routes. The first route consisted of sailing to an oil platform as a 136 

navigational reference point, heading south to Cabo Blanco, finally returning to Los 137 

Organos navigating parallel to the coastline (Fig. 2A). The second route headed to La 138 

Perelera bank and further offshore to the north-westernmost point at 14km, and then 139 

returning inbound to El Ñuro and finally back to Los Organos (Fig. 2A). Navigation 140 

usually finished at 11.00. In 2011, 2012 and 2013 two more boats (7.9 m length and 2.3 m 141 

width with a 150 HP engine and 8.8 m length and 3 m width with twin 200 HP engines, 142 

respectively) were added to the sightseeing effort. During these years humpback whales 143 

were located by one or two persons sighting whales from the top of a 30 m rocky cliff with 144 

the aid of binoculars and directing boat skippers towards the position of the groups via 145 

radio communication. The start and end times of the navigation were the same as in 2010. 146 

We followed a precautionary set of whale-watching rules during the surveys [33] in order 147 

to minimize the potential effect of the whale-watching boats on whales’ behavior. Once a 148 



whale or groups was located, they were approached by skippers that maintained a distance 149 

of 30 to 100 m while and traveled in the same direction at the same speed as the whale(s). 150 

When a whale happened to surface too close to one of the boats, the engine was put into in 151 

neutral gear until the animal moved away from the boat. Observation time ranged from 10 152 

to 40 min. Observation time for mother-calf pairs were less than 25 min. During surveys, 153 

information about the number of whales, relative age/sex class and geographic position 154 

(GPS with WGS 84 system) at the closest position of the skipper closest to whales was 155 

taken. The depths of the sighted groups were derived from the recorded GPS positions, 156 

plotted in a bathymetric map of the area using the application ArcMap in ArcGIS version 157 

10. A group was defined as the total number of animals within ca. 100 m radius, moving in 158 

the same direction and usually exhibiting similar displacement/breathing pattern. 159 

Occasionally, groups of whales were sighted at close range, but they were not included as 160 

part of the group unless they showed obvious interaction with the first sighted group. Even 161 

though we used fixed routes during 2010, our data set may be biased because during 2011, 162 

2012 and 2013 surveys were directed by observers on land. At the beginning of the trip, the 163 

observers guided the boats to the first visible whale group. After the first sighting boats 164 

navigated the area randomly searching for more humpback whales. Thus, the survey effort 165 

was never concentrated in a particular location or time. When two or three groups of whales 166 

were visible to the land observer, boats were directed to each group individually. In this 167 

way, all visible groups were registered by the boat crew.    168 

Group composition  169 

The size and composition of the group was determined in situ using the following criteria; 170 

single, dyad, trio or groups of more than three individuals which generally consisted of 171 



relatively large animals (likely adults and/or subadult or a combination of both) following a 172 

fairly synchronized breathing and swimming pattern or engaging in competitive behavior 173 

(i.e., intense surface activity involving repetitive breaching, or whales charging each other, 174 

sensu [31]). Groups involving the presence of calves include mother-calf pairs, consisting 175 

of a fully grown female and its calf, which is an individual with light grey body coloration, 176 

measuring at half (or less) the length of a large individual always swimming together. A 177 

second type of group arises when the mother-calf pairs are accompanied by an escort: an 178 

escort an individual of equivalent or smaller size than the mother. The final group type is 179 

simply a mother-calf pair accompanied by more than one escort.  180 

Sea surface temperatures   181 

To characterize the thermal variability in the study area, satellite sea-surface temperature 182 

data (MODIS-Aqua satellite) was obtained from IMARPE (Instituto del Mar del 183 

Peru/Peruvian Sea Institute), which is provided by the National Oceanic and Atmospheric 184 

Administration (NOAA) and the NAVOCEANO agency of the U.S. Navy. The information 185 

consisted of daily average of sea surface temperature which were taken from August to 186 

October during 2010, 2011, 2012 and 2013 at two sampling sites located at the northern 187 

part of the area over a neritic and a transitional location (i.e. from neritic to oceanic waters) 188 

and two additional sites located at the southern area in similar deployment (Fig. 2B).  189 

Statistical analysis 190 

Temporal patterns of variation of the group types were studied using simple linear 191 

regression with time as predictor and the abundance of groups (expressed as number of 192 

sighted groups per number of trips during the respective survey month) as the dependent 193 



variable. This variable was used in order to reduce the variation due to the differences in 194 

sampling effort, i.e., different number of trips in each month. To assess the existence of a 195 

segregate pattern in the spatial distribution of humpback whales group types, we followed 196 

the approach of Cartwright et al. [26]. We used Neu test [34-35] to evaluate the degree of 197 

preference for a given bathymetric range (i.e., 0-20, 20-50, 50-100, and 100-200 m depth) 198 

considering such ranges as proxies of habitat use. First, the area between two isobaths (in 199 

km2) in each bathymetric range was estimated and Chi-square test was used to assess the 200 

preference of each group type for a given area. Then, Bonferroni ranks were used to 201 

estimate whether bathymetric ranges were disproportionally used by humpback whale 202 

groups (see [26]). These ranks are confidence intervals of the “Z”  Bonferroni´s   formula  203 

which   includes  the  proportion  of  observed  groups  and  the  values  of  “Z”  distribution.  The  204 

proportions of the expected groups are estimated in function of the area for each 205 

bathymetric range. Then, habitat use was designated in a function of the relationship 206 

between the expected and observed proportion of the groups and the 95% confidence 207 

interval according to the following criteria: (a) avoided; if of the observed proportion of 208 

groups in each bathymetric rage was entirely below the expected proportion of groups. (b) 209 

preferred, if the observed proportion of groups in each bathymetric rage was entirely above 210 

the expected proportion of groups or (c) neutral if the observed groups were contained in 211 

the expected proportion of groups within   the   confidence   intervals.   Neu’s   standardized  212 

selection indices were also calculated since these provide comparable indices of habitat use. 213 

Higher values were assumed to be stronger indicative of preference for a given habitat. 214 

Neu’s   analyses   were   conducted using pooled data (all months and years) of sighting 215 

positions since such analysis need many observations to produce meaningful statistics. 216 

Mother-calf pairs with more than one escort group were excluded from this analysis due to 217 



the low number of observations. All statistical analyses were performed using the software 218 

Statistica 6.0 and PAST version 2.17.   219 

RESULTS  220 

A total of 279 trips were conducted during the four winter-spring seasons between 221 

2010 and 2013. A total of 1064 whales distributed between 487 groups were recorded in a 222 

total of 322.3 hours of observation (Table 1, see supplementary material for details of 223 

groups sighting positions). The most abundant group type was mother-calf pairs (n=127) 224 

followed by dyads (n=122) and singles (n=118). Of the total number of groups composed 225 

by three or more whales (n=53), 28.5% (n=15) were competitive groups. It should be noted 226 

that there was some variation in the observational effort between years for example, during 227 

2012 and 2013 the number of trips were twofold compared to the breeding season in 2010 228 

and 2011 (Table 1). 229 

Temporal variation of whale group types 230 

Two temporal patterns were clear; singles, dyads and groups made by three or more 231 

individuals were more abundant during the first month of the season but tended to 232 

significantly decrease towards the end of the study period (Fig. 3). An opposite temporal 233 

pattern was evident for mother-calf pairs, mother-calf and escort and mother-calf and more 234 

escorts groups, which showed a trend to increase in abundance during the second half of the 235 

season (Fig. 3).  236 

Spatial distribution and habitat preference 237 



Of the sightings, ninety eight percent were distributed in the neritic zone i.e., from 238 

the shore to the 200 m isobath, but whales density was specific to depth ranges depending 239 

on group composition (Table 2). According to the Neu test, mother-calf pairs, and mother-240 

calf and escort groups showed a strong preference for the 20-50 m depth range (Table 3, 241 

Fig. 4), although mother-calf groups also occurred in the 0-20 m range. No test was 242 

conducted for mother-calf and more than one escort groups but the sighting positions 243 

suggest a wide distribution over the survey area (Fig. 4). Singles preferred the 20-50 m 244 

range while dyads showed a preference for the 20-50 and 50-100 m depth ranges although a 245 

strong preference for the latter range was detected (Fig. 5). Groups composed by three or 246 

more individuals showed equal preference for 20-50 and 50-100 m depth ranges (Fig. 5). 247 

Overall, a segregated spatial pattern was evident; group of whales with calves, particularly 248 

mother-calf pairs preferred shallow areas while groups with no calves were more widely 249 

distributed throughout the habitat range.  250 

      251 

Sea surface temperature variability 252 

The mean value of sea surface temperature for all study seasons was 22.09°C, with 253 

the 2012 season being the coldest and the 2013 the warmest (Table 4). Temperature values 254 

were warmer at northern locations compared to the southern part of the study area (Table 255 

4). The south-neritic area was the coldest of all with a mean value of 21.3°C with 18.25°C 256 

as minimum value. The warmest area was the transitional neritic-oceanic zone where the 257 

mean was 23°C. The neritic-north and transitional neritic-oceanic areas showed fairly 258 

similar sea surface temperature values (Table 4). It is worth noting that the ca. 7°C of 259 

difference between maximum and minimum sea surface temperature values delete may 260 



account for the strong thermal variability produced by the convergence of the cold 261 

upwelling system and warm equatorial waters in the study region.  262 

DISCUSSION 263 

Our results provide new evidence that the northern coast of Peru may not only a 264 

represent a migratory route from oceanic waters to the neritic realm during their seasonal 265 

breeding migration as suggested in the early literature [8]. Humpback whales in our study 266 

area depicted the segregate pattern of spatial distribution characteristic of this species in 267 

their breeding/calving grounds i.e., groups made up by dyads, trios and more than three 268 

individuals were present from moderated depths towards the continental shelf while mother 269 

and calf pairs were present in very shallow waters. The record of 194 groups with calves, 270 

particularly the presence of mother – calf and escort groups which are conspicuous in 271 

wintering regions [36], the presence of large competitive groups adds further evidence of 272 

the breeding and calving function of the northern coast of Peru.  273 

The results of this study complement previous information pointing to the breeding 274 

functionality of this area such as the absence of a consistent direction in the displacement of 275 

the whales suggesting constant movement within the area (e.g., males actively moving 276 

searching for receptive females) [29]. The high abundance of single, dyad and mother and 277 

calf groups during August, September and October during four consecutive seasons 278 

corroborate the functionality of this area as a breeding and calving habitat. Our data shows 279 

that groups without calves progressively decrease towards the second half of the season and 280 

instead groups with calves increase as the seasons ends. These suggest that although mating 281 

activity occurs during the whole season, breeding and calving seems to be more important 282 

during the second half of the season [20]. This type of temporal change has been observed 283 



in breeding areas elsewhere e.g., Abrolhos archipelago, Brasil, [37]. Groups of humpback 284 

whales, including many calves, usually leave the breeding area at the end of the season. 285 

Very young calves and new mothers stay in calm waters until the calves are strong enough 286 

to undertake the migration south. Unfortunately, our data does not allow us precise 287 

information regarding the type of sex/age composition of the individuals at the beginning of 288 

the season. We speculate that these may be principally adults females leaving the area after 289 

mating, while males may stay and change their reproductive strategy to searching for post-290 

partum mating chances in mother and calf pairs [38-39]. This is supported by the increase 291 

of groups involving escorts towards the end of the season. Further studies using molecular 292 

techniques are still necessary to understand the sequence of arrival and departures of 293 

humpback whales in this region.       294 

Spatially, the 98% of the sighted humpbacks were in the neritic zone (< 200m 295 

depth) which is similar to the sighting percentage reported in breeding areas elsewhere e.g. 296 

[19], [40–43]. The existence of a segregated pattern of distribution is a characteristic of 297 

breeding and calving regions and such pattern occurs regardless of the width, slope or the 298 

distance of the continental shelf to the coast. For example, the segregated patterns have 299 

been observed in locations with a wide and shallow continental shelf such as the breeding 300 

region off Puerto Lopez (Ecuador) [8], while at Salinas (also Ecuador) [16] and Antogil 301 

Bay (Madagascar) [23] humpback whales depicted the segregated pattern even though in 302 

these locations the continental shelf is narrow with a steep slope. Behavior and social 303 

organization finally determine habitat preference of this species: the need for calm, warm 304 

waters for calving away from competitive groups is often reported as the main explanation 305 

for the coastal distribution of mother and calf groups [12-13]. However, geomorphology 306 



and anthropogenic impact in the breeding region also play a role in humpback whales local 307 

distribution. Cartwright et al. [26] studying the distribution of humpbacks whales at the 308 

Au’au  channel  (an  important  breeding  area  of  the  Hawaiian  islands)  found  a spatial overlap 309 

between mother-calf pairs and adults groups, both distributed over 40 - 60 m depth. The 310 

narrowness of the channel together with disturbance by recreational boats in shallow waters 311 

seemed to be the cause of this non-segregated spatial pattern [26]. Our results suggest that 312 

there is a spatial overlap among mother-calf pairs, mother-calf and escort and singles since 313 

these groups shared a strong preference for the 20-50 m depth range. In our study region 314 

(~7°S and further north), the continental shelf break is located at 5-9 km from the coast 315 

[44], thus the shelf is rather narrow and steep which may explain the certain degree spatial 316 

overlap among humpbacks groups before moving into deeper waters. For this study, the 317 

influence of the artisanal fishery boats in this coastal region, particularly when gathering at 318 

the ports, has not been considered. As suggested before [26], such a concentration of 319 

vessels may prevent whales from coming closer to the shore, especially mother and calf 320 

groups. However, this is a topic that needs to be assessed in future studies.  321 

To reveal the segregated spatial pattern of distribution of humpback whales groups, 322 

it was necessary that surveys covered coastal areas as well as waters over the continental 323 

shelf break. Such spatial cover was achieved during our trips although not systematically 324 

during all sampling seasons. For example, during the 2010 season the first navigation route 325 

was fixed and always reached waters over the 200 m isobaths. However, during the 2011-326 

2013 seasons navigation to deeper waters were less frequent. As we previously stated, such 327 

differences in survey effort may bias results since sighting rates of a given group type may 328 

differ between random navigation and fixed transect surveys. Despite of this 329 



methodological shortcoming, our data revealed significant temporal and spatial patterns of 330 

distribution. However, we suggest caution when comparing these results with studies using 331 

transect surveys.           332 

The variability of sea surface temperature in our study region revealed that 333 

humpback whales experience rather colder conditions; the mean was 21.5°C during all the 334 

seasons which is three degrees lower than the average estimate for breeding regions 335 

worldwide [11]. Indeed, we registered minimum values of ~18.5°C in the southern-neritic 336 

zone. Migratory humpbacks whales in the Southern Hemisphere oceans breed at ~14°S, 337 

(although recent surveys demonstrate the existence of breeding areas near the equator in the 338 

eastern tropical Atlantic e.g. Gulf of Guinea for some South Atlantic stock [45]) while the 339 

southeast Pacific stock extends its migration close to lower latitudes and even crossing the 340 

equator [4], [8]. Early literature suggested that humpback whales would avoid the influence 341 

of the cold neritic conditions imposed by the Humboldt upwelling ecosystem and 342 

humpback whales would approach neritic waters when encountering warm conditions 343 

further north at the equatorial realm [8]. However, our results suggest that the northern 344 

coast of Peru may constitute a threshold between upwelling conditions and equatorial 345 

waters and such transitional habitat may constitute an extension of the breeding and calving 346 

region. Sea surface temperature values of this region ranged between the lowest values 347 

reported for other breeding regions e.g. 19-20 °C at Bonin and Ryukyu Islands, Japan [11]. 348 

However, much research is still needed to reveal the influence of the thermal gradients on 349 

humpback whales distribution and habitat requirements, particularly for mother-calf pairs 350 

and newborn calves. For example, there are two existing observations of humpback whale 351 

parturition [46, 47] and only the observation in Brazilian waters reports a sea surface 352 



temperature of 24°C at the moment of birth [46]. Although very preliminary, this may 353 

suggest that births occur in warmer areas inside the breeding region and that zones with 354 

slightly colder temperatures may function principally as habitats for calf development. 355 

However, the fact that we recorded calves in relatively colder temperatures indicates that 356 

they are capable of surviving these conditions and may not need to be born in warmer 357 

waters. Detailed studies describing the morphology and behavior of the calves e.g. [12] 358 

along the breeding region are necessary for a better understanding of the dynamics of this 359 

delicate life stage during the life of a humpback whale. It is important to mention that the 360 

population of humpback whales is increasing [48] and likely their presence in neritic waters 361 

off Peru may constitute an indicative of breeding range expansion. It is possible that 362 

breeding in more northern areas occurred in the past because these areas were the optimal 363 

habitats. Currently, these areas may be saturated and whales are looking for other breeding 364 

areas further south. The presence of several calves reported here supports this notion.  365 

  While we provide new information about the distribution of humpbacks at the 366 

southern limit of the breeding and calving region, there is also renewed evidence of a 367 

northward recovery of the former feeding grounds in the Patagonia region [48, 49]. 368 

Collectively, these apparent extensions of both breeding and feeding regions suggest that 369 

this species is likely recovering and returning to its former distributional ranges before the 370 

industrial whaling period. This conclusion is supported with recent estimations of 371 

population size, suggesting steady increments throughout time during the last ca. 20 years 372 

[50]. However, it should be noted that these numbers may be underestimated since 373 

calculations were based on data obtained in a fraction of the breeding area (i.e., off 374 

Ecuador). Enhancing multinational research efforts along the Southeast Pacific would 375 



improve our ecological knowledge and population status of this species which also would 376 

improve management and conservation efforts for this species. 377 

Outlook 378 

In this study, we have highlighted the neritic presence of humpback whales during their 379 

breeding migration off the coast of northern Peru. However, this coastal distribution makes 380 

the species prone to entanglement and mortality with gillnet fisheries [51]. It is mandatory 381 

to regulate the use of such fishing gears during the seasonal presence of this species in 382 

neritic habitats. In ecological terms, little is known about the displacement patterns of this 383 

species within the breeding region. Satellite tracking and photo-identification research may 384 

reveal the timing and specific habitat requirements during the breeding season and these are 385 

topics that should be addressed in the near future. Although, we acknowledge the use of 386 

whale-watching boats as platforms for investigation opportunities for, humpback whale 387 

research in this region should be complemented with other types of sampling such as focal-388 

group followed and transect surveys aimed at testing specific hypotheses on ecological and 389 

behavioral aspects of this species.  390 
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Table 1. Summary of the sighting effort and total number of groups per year registered 547 

during the study period.  548 

 N°- 
Trips 

Hrs. 
Observation 

N°-
Whales 
(Total) 

Single Dyad Three 
or more 

Mother-
calf 

Mother-
calf/escort 

Mother-
calf/>escort 

2010 71 65.9 241 29 23 5 33 19 4 
2011 49 51.3 163 19 23 6 20 8 3 
2012 76 84.1 273 15 43 18 30 10 3 
2013 83 120.9 387 55 33 24 44 18 2 
Total  279 322.2 1064 118 122 53 127  55 12 
 549 

  550 



Table 2. Percentage and total number of groups in each depth range registered during the 551 

study period. 552 

 Single Dyad Three or more Mother-calf Mother-
calf/escort 

Mother-
calf/>escort 

Depth (m) % n % n % n % n % n % n 
0-20 8 10 8 10 4 2 20 25 16 9 17 2 
20-50 41 48 23 28 23 12 50 64 49 27 25 3 
50-100 42 49 59 72 51 27 28 35 35 19 50 6 
100-200 9 11 19 12 23 12 2 3 - - 8 1 
 553 

  554 



Table 3. Summary of Neu´s test statistics for  humpback  whales  groups’  habitat  preference. 555 

“*”  denotes  higher  index  values  thus  regarded  as  strong  preference.  556 

 Habitat 
Depth 
ranges 

Area 
(km2) 

Expected 
groups 

Observed 
groups 

Observed 
proportions 

95% C.I. Proportion 
of total 
study area 

Neu´s Index Inference 

Mother-calf 0-20 43.46 18.3 25 0.197 (0.155-0.238) 0.144 0.282 Preferred 

 20-50 56.23 23.7 64 0.504 (0.452-0.556) 0.186 0.558 Preferred* 

 50-100 121.39 51.1 35 0.276 (0.229-0.322) 0.402 0.141 Avoided 

 100-200 80.69 34 3 0.024 (0.008-0.040) 0.267 0.018 Avoided 

Mother-
calf/escort 

0-20 43.46 7.9 9 0.164 (0125-0.202) 0.144 0.245 Neutral 

 20-50 56.23 10.2 27 0.491 (0.439-0.543) 0.186 0.569 Preferred* 

 50-100 121.39 22.1 19 0.345 (0.296-0.395) 0.402 0.185 Avoided 

 100-200 80.69 14.7 0 0 0 0.267 0 Avoided* 

Single 0-20 43.46 16.8 10 0.086 (0.057-0.116) 0.144 0.144 Avoided 
 20-50 56.23 21.8 47 0.405 (0.354-0.457) 0.186 0.525 Preferred* 

 50-100 121.39 47.1 49 0.422 (0.371-0.474) 0.402 0.253 Neutral 

 100-200 80.69 31.3 10 0.086 (0.057-0.116) 0.267 0.078 Avoided 

Dyad 0-20 43.46 18.7 10 0.0787 (0.051-0.107) 0.144 0.150 Avoided 
 20-50 56.23 24.2 32 0.2520 (0.207-0.297) 0.186 0.370 Preferred 

 50-100 121.39 52.3 76 0.5984 (0.547-0.650) 0.402 0.407 Preferred* 

 100-200 80.69 34.8 9 0.0709 (0.044-0.098) 0.267 0.073 Avoided 

>Three 0-20 43.46 43.4 2 0.0426 (0.021-0.064) 0.144 0.082 Avoided 
 20-50 56.23 56.2 12 0.2553 (0.210-0.301) 0.186 0.381 Preferred 

 50-100 121.39 20.9 26 0.5532 (0.501-0.605) 0.402 0.382 Preferred 

 100-200 80.69 13.9 7 0.1489 (0.112-0.186) 0.267 0.155 Avoided 

 557 

  558 



Table 4. Summary of sea surface temperature values recorded during the study period. 559 

Neritic north (N.N.), neritic south (N.S.), transitional north (T.N.) and transitional south 560 

(T.S.) 561 

 Mean °C Max °C Min°C N.N. °C N.S. °C T.N. °C T.S. °C 
2010 22.3±1.4 25.9 19.1 22.7±1.3 21.8±1.5 22.8±1.2 22.1±1.4 
2011 21.7±1.03 25.4 18.2 21.9±1 21.1±1.1 22.2±0.9 21.6±1.05 
2012 21.3±0.9 23.8 19.2 21.7±0.8 20.1±0.9 22±0.8 21.4±0.9 
2013 22.9±1.2 24.6 20 23±1.07 22.3±1.1 23.7±1.02 22.6±1.1 
  562 



Figure 1. The map at the right shows the location of the northern Peru region. Maps at the 563 

left show the distribution of sea surface isotherms (monthly means) during the 564 

three months surveys in 2013. The thermal front formed by the convergence of 565 

warm equatorial waters coming from the equator and waters of the Humboldt 566 

Current system flowing northward is observed. Isotherm images are freely 567 

available in http://satelite.imarpe.gob.pe/uprsig/sst_prov.html.      568 

Figure 2. (A) Routes followed during surveys. Solid and dotted arrows are routes during 569 

2010. Dashed arrows are representative of the boats displacement during 2011-570 

2013. (B) Four zones where satellite sea surface temperature values were recorded; 571 

neritic north (N.N.), neritic south (N.S.), transitional north (T.N.), transitional 572 

south (T.S.). The grey trapeze represents the survey area covering ca. 168 km2. 573 

Maps were redrawn from the oficial navigation chart of Peru (Carta Náutica del 574 

Perú, Dirección de Hidrografía y Navegación, Marina de Guerra del Perú).    575 

Figure 3. Humpback whales group types. Monthly means (all years) of the number of 576 

groups per trip per each sampling month.  577 

Figure 4. Maps showing GPS-positioned sightings of humpback whales groups; mother-578 

calf pairs, mother-calf and escort and mother-calf and more than one escort during 579 

the study period. Most preferred (dark grey) and preferred (light grey) bathymetric 580 

ranges are marked after Neu´s habitat index.  581 

Figure 5. Maps showing GPS-positioned sightings of single, dyads, three or more 582 

individuals of humpback whales group during the study period. Most preferred 583 

http://satelite.imarpe.gob.pe/uprsig/sst_prov.html


(dark grey) and preferred (light grey) bathymetric ranges are marked after Neu´s 584 

habitat index. 585 

  586 



 587 
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Reviewer #1: The entire paper needs exhaustive English editing, in terms of grammar, word choice and 
spelling. It is at times difficult to understand what authors meant to say. In attachment I have given a few 
examples of the type of corrections necessary. 
 
Answer: we have followed this recommendation. Grammar and word choice have been corrected by an 
English native speaker with knowledge in cetaceans ecology. Please be aware that many spelling errors and 
typos were corrected directly in the manuscript and those are not visible in the version with track changes. 
Corrections on wording were included in different colors.    
 
General comments  
 
Line 194: Please indicate which data source (bathymetric map) was used to determine surface of bathymetric 
areas. 
 
Answer:  the  map’s  source  is  now  indicated  in  the  legend  of  Figure  2.   
 
Line 230:  A previous examination ... Please explain better how this was done. Also whether similarity was 
statistically tested.   
 
Answer: we have now included the previous analysis which is a linear regression between the number of 
groups and time (in months). Figure 3, shows the temporal trends of each group with a statistical test for 
significance  at  α  =  0.05.  
 
Lines 236-239. If the temporal variation was statistically significant I think it should be indicated in this 
paragraph (with p-levels). Generally there seems to exist some level of explanatory disconnect between 
methods and results; both Neu's and multiple correspondence analyses are not necessarily familiar procedures to 
most readers and a few sentences of additional explanation would not hurt in my opinion. For instance, in the 
biplot (Fig. 6) the (co)ordinates are expressed in units "% inertia" -whatever that means- it should at least be 
mentioned and defined in the text.      
 
Answer: see previous answer. We have included simple linear regression analysis for the temporal pattern of 
groups. The multiple correspondence analysis was removed from the manuscript. We believe that these 
statistical methods are easy to understand for most readers.   
 
Line 328. It would be worthwhile to at least mention the lethal interaction recently documented (García-Godos 
et al. 2013) between humpback whales and gillnet fisheries precisely in these neritic waters. While mortality is 
underreported there is little doubt it constitutes the most important threat to this population. García-Godos A., 
Van Waerebeek K., Alfaro-Shigueto J. and Mangel, J. (2013) Entanglements of Large Cetaceans in Peru: Few 
Records but High Risk. Pacific Science  67(4): 523-532. 
 
Answer: we have included an outlook (lines 379-390) chapter to summarize some of the observations made 
by the reviewers which we believe should be considered for future research. This suggestion is included.   
 
Line 335 "Migratory humpbacks in the Southern Hemisphere oceans breed at ~14°S, while the Southeast 
Pacific stock extents its migration close to lower latitudes and even crossing the equator." Beware, there is good 
evidence that in the eastern tropical Atlantic (northern Gulf of Guinea) Southern Hemisphere large numbers of 
humpback whales breed much farther north than 14°S, including north of the equator in Benin, Ghana, Togo, 
Nigeria, Cameroon etc. See Van Waerebeek K., Tchibozo S., Montcho J., Nobime G., Sohou Z., Sohouhoue P. 
and Dossou, C. (2001) The Bight of Benin, a North Atlantic breeding ground of a Southern Hemisphere 
humpback whale population, likely related to Gabon and Angola substocks. Scientific Committee document 
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SC/53/IA21, International Whaling Commission, July 2001, London. 8pp.   (pdf available on internet) and even 
as far north as Guinea, Guinea-Bissau (neonates are sighted), perhaps even Senegal. See Van Waerebeek K., 
Djiba A., Krakstad J.-O., Samba Ould Bilal A., Almeida A. and Mass Mbye E. (2013) New evidence for a 
South Atlantic stock of humpback whales wintering on the Northwest African continental shelf. African 
Zoology  48 (1): 177-186.  (pdf available) 
 
Answer: citation for eastern tropical Atlantic breeding areas is now included (lines 338-339). 
 
Textual corrections and suggestions 
The entire paper needs exhaustive English editing, in terms of grammar, word choice and spelling. It is at times 
difficult to understand what authors meant to say.  Below I have given a few examples of the type of corrections 
necessary.  
 
Answer: we thank the reviewer for this helpful work. 
 
line 67 :  ... explains  
 
Answer: correction implemented. 
 
71: sub-adult  
 
Answer: correction implemented. 
 
76: may not be evident  
 
Answer: correction implemented. 
 
117: ... in northern Peru 
 
Answer: correction implemented. 
 
122: Equatorial Countercurrent flowing to the East and the South 
 
Answer: correction implemented. 
 
125: {indicate distance from the coast} 
 
Answer: suggestion implemented.  
 
130: length ... width   or  long .... wide  
 
Answer: correction implemented. 
 
131: and took one  
 
Answer: correction implemented. 
 
133: parallel to the coastline  
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Answer: correction implemented. 
 
136 -137: see line 130 comment 
 
Answer: correction implemented. 
 
143: delete "as much" 
 
Answer: correction implemented. 
 
145: parallel to the group 
 
Answer: correction implemented. 
 
147: delete 'spontaniously' {this is obvious from context)} 
 
Answer: correction implemented. 
 
153: {briefer} ... ArcMap in ArcGis version 10.  
 
Answer: suggestion implemented. 
 
157: {delete} it is worth mentioning that 
 
Answer: suggestion implemented. 
 
170 - 172: please rephrase (briefer) 
 
Answer:  we  have   shortened   these   sentences  now   it   says:  “(i.e., intense surface activity involving repetitive 
breaching, or whales charging each other, sensu [31]). Groups involving the presence of calves include 
mother-calf pairs, consisting of a fully grown female and its calf, which is an individual with light grey body 
coloration, measuring at half (or less) the length of a large individual always swimming together. A second 
type of group arises when the mother-calf pairs are accompanied by an escort: an escort an individual of 
equivalent or smaller size than the mother. The final group type is simply a mother-calf pair accompanied by 
more than one escort.”  see lines 174 - 180. 
 
172: presumably its mother 
 
Answer: see previous response. 
 
172 -174: please rephrase  
 
Answer: suggestion implemented. 
 
176: temperatures 
 
Answer: correction implemented. 
 
181: at four sites .... two sites (sentences can be combined and made more concise).  
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Answer:  suggestion  implemented.  The  following  sentence  was  included:  “...from August to October during 
2010, 2011, 2012 and 2013 at two sampling sites located at the northern part of the area over a neritic and a 
transitional location (i.e. from neritic to oceanic waters) and two additional sites located at the southern area 
in similar deployment (Fig. 2B).” See lines 186-189. 
 
182 - 183: please rephrase  
 
Answer: see previous response. 
 
183: sampling sites {instead of spots} 
 
Answer: suggestion implemented, see previous response.  
 
191: First, the area between two isobaths (in km2) ... 
 
Answer: suggestion implemented. 
 
195: and Chi-square test was ... 
 
Answer: suggestion implemented. 
 
197-199: please provide a reference  
 
Answer: suggestion implemented see line 199. 
 
203: range 
 
Answer: the word range was correct in the manuscript. 
 
210: needs many observations 
 
Answer: correction implemented.  
 
211: groups were excluded  
 
Answer: correction implemented. 
 
212: multiple correspondence analysis was used ...: please provide a reference 
 
Answer: reference included. 
 
222: winter-spring 
 
Answer: correction implemented. 
 
223: a total of 1064 whales  
 
Answer: correction implemented. 
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227: the number of trips  
 
Answer: correction implemented. 
 
238: were less abundant 
 
Answer: correction implemented. 
 
239: during September  
 
Answer: correction implemented. 
 
249: latter range  
 
Answer: correction implemented. 
 
275: better ...may not only represent a migratory  
 
Answer: suggestion implemented. 
 
279: made up by  
 
Answer: suggestion implemented. 
 
280: were present  
 
Answer: correction implemented. 
 
284: pointing to  
 
Answer: correction implemented. 
 
296: Groups of humpback whales including many calves {the groups are not composed of calves} 
 
Answer: correction implemented. 
 
300: adult or sub-adult females  
 
Answer: correction implemented. 
 
308: regardless of the width and slope 
 
Answer: correction implemented. 
 
312: humpback whales maintained ... {use humpback whales or whales , not "humpbacks" which is a colloquial 
name} 
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Answer: correction implemented. We have revised the manuscript to make sure that humpback whale is 
consistently used throughout the manuscript.  
 
324: 7°S and further north ... 
 
Answer: correction implemented. 
 
327: {unclear} ... not considered to apply a spatial analysis of the influence ... ? 
etc. etc. 
 
Answer:  we  changed   this  sentence  for:  “For this study, the influence of the artisanal fishery boats in this 
coastal region, particularly when gathering at the ports, has not been considered„  See  lines  317  – 319. 
 
 
Reviewer #2: The manuscript presents a simple account of the group composition and potential habitat 
preferences of Southeastern South Pacific humpback whales in Peru. The authors attempt to link sea surface 
temperature and depth preference to different group types to indicate this region is an extension of the breeding 
grounds.  
 
Answer: we disagree with this opinion. First at all, the objective of this study was to assess (not to indicate as 
the reviewer suggested) using the available data/evidence, the functionality of this habitat for breeding 
purposes (see line 106). Second, we did not attempt to link sea surface temperature to different group types. 
We clearly state that sea surface temperatures  were  used  “To  characterize  the  thermal  variability  in  the  study  
area  ...  „  (see  line  182).  As  we  stated  in  the  manuscript,  there  is  a  strong  thermal  variability  which  is  worth  
presenting in order to provide an understanding of the environmental context to the readers. However, sea 
surface temperature alone does not influence the distribution of humpback whales at the scale of our study 
(i.e., mesocale). Therefore, no statistical analysis was attempted.  
 
My main concern with the paper is that the majority of evidence is simply by the presence of calves; calving 
and mating is known to occur on migration routes in other regions which are not technically breeding grounds. 
They are extensions of the breeding range not breeding grounds/locations. This can be easily addressed with 
some careful wording and consideration of this concept. It does not detract from the need to protect and manage 
migration corridors for conservation purposes. The information presented in this manuscript aids in the 
understanding of group composition and habitat preferences in Peru which will hopefully assist in the 
management of this population. 
 
 
Answer: we do not understand why the reviewer made this critique and minimized our results. In this study, 
we  did  not   just   show   the   “simply   presence   of   calves„   as   the   reviewer   states.  Rather,  we   demonstrated   the  
existence of a segregated spatial distribution (for all group types) which is a typical pattern in breeding areas 
worldwide (see for example: Dawbin 1997, Morete et al. 2007, Urbán & Aguayo 1987, Ersts & Rosenbaum 
2003, Zerbini et al. 2004, Craig et al. 2014). Therefore, based on our analysis we believe that is completely 
justified to suggest that our study area constitutes a southward extension of the breeding region. We disagree 
with the  reviewer’s  suggestion  that  our  study  area  constitutes  a  migration  route/corridor.  First,  the  reviewer  
does not justify his/her opinion using a critical analysis of the data presented in this study i.e., how does our 
data suggest a corridor pattern? Second, the reviewer does not provide any definition or condition on how a 
migration corridor must look in terms of humpback whale´s spatial or temporal distribution as presented in 
this  study.  Thus,  it  must  be  concluded  that  the  reviewer’s  suggestion  regarding the migration corridor relies 
on either speculation or a personal opinion which lacks validation by the way of data/proof or relevant 
literature.  
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In addition, we do not understand what exactly the difference between breeding ground and range is. As far 
as we understand, breeding grounds occur within the breeding region/range so these are not substantially 
different concepts. Also, the presence of calves in warm tropical waters is indeed a strong indicative of 
breeding habitats for this species (see Rasmussen et al. 2007, Cartwright & Sullivan 2009 and many more). 
From a puristic perspective, breeding areas and ranges must be defined on the basis of in situ observations 
of mating and parturition. However, such reports are extremely rare in the literature and there are only two 
papers documenting humpback whales birth as we pointed out in the discussion. Researchers of humpback 
whale’s  breeding  areas  rely  on  other  indicators  such  as  distributional  patterns  and  behavioral/morphological  
information of the calves. However, in order to avoid confusion between the concepts of breeding range and 
breeding ground we now referring to a breeding and calving region throughout the manuscript.    
 
The Neu analysis is a strength of this paper; however, Figure 6 needs to be clarified to clearly convey results. I 
am also unclear how temperature is really influencing these highly migratory animals in this particular region. 
 
Answer: The idea of this analysis was to show how different humpback whales groups associate with various 
depth ranges and time (months) during the breeding season. In this way, the spatial and temporal variability 
can be observed by readers in a single straightforward analysis (i.e. biplot). However, in response to the first 
reviewer’s  request   for   further explanations on this test, we decided to remove the multiple correspondence 
analyses and included new statistical tests in order to provide detailed explanation of the temporal patterns of 
humpback whales groups. We provided a detailed response regarding the influence of sea surface 
temperature on humpback whales distribution; please see our first answer to this reviewer.           
 
There are many spelling and grammatical errors throughout the manuscript which need to be fixed. Some of 
these have been noted below but the manuscript requires significant attention before resubmission. 
 
Answer: we thank the reviewer for pointing these errors and we have corrected all of them. Also, as stated 
before, the new version of this manuscript was revised by a native English speaker with knowledge on 
cetaceans’  ecology.     
 
Overall the paper feels light on data and analysis. 
 
Answer:   In   our   opinion   this   is   not   light   research.   As   such,   we   disagree   with   the   reviewer’s   critique.  We  
collected data during four consecutive seasons. Data was analyzed in the context of a proper 
prediction/hypothesis that naturally arose from current knowledge about humpback whales distribution in 
breeding regions. Of course as with any study, analysis can be improved and we have done so by removing 
the multiple correspondence analyses and including new analysis on the temporal variation of the whale 
groups.  
. 
Also, data were collected from groups that were identified prior to counting by visual observers on a hill. It is 
unclear if group selection was conducted by the hill observers prior to counting groups on the boat – this would 
introduce biases in the group counts unless this was a randomized procedure. I am confident the authors can 
address all of the above concerns. I have provided some suggestions to address these below in specific 
comments. 
 
Answer: we have to mention that this is partially true. Surveys in 2010 were conducted using fixed transects. 
However, we understand the concern raised by the reviewer and we have included several corrections to 
clarify  these  points.  Please  see  the  “boat  surveys”  chapter.   
 
 
Specific comments on the manuscript: 
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Abstract 
 
L17:  Threshold  habitat?  Perhaps  reword  to  ‘outer  limits’. 
 
Answer:  we  prefer  to  use  the  term  “threshold  habitat„  because  throughout  the  manuscript  it  is  referred  to  as  
the threshold between the upwelling and equatorial ecosystems. 
 
L21: cold-upwelling or cold upwelling? 
 
Answer: cold upwelling, correction implemented.   
 
L27:  Change  ‘with  groups  made  by’  to  ‘while  dyads  and  trios  (i.e.  …  ‘ 
 
Answer: correction implemented. 
 
L31-35:  last  sentence  needs  rewording.  E.g.  ‘Our  results  provide  new  evidence……’ 
 
Answer: suggestion implemented. 
 
Introduction 
 
L39:  Change  ‘species’  to  ‘taxa’  as  you  don’t  mention  specific  species. 
 
Answer: suggestion implemented. 
 
L45-47: Add a reference. 
 
Answer: Citation to Heithaus & Dill (2009) was included. 
 
L62: Change  ‘calm  and  warm  waters’  to  ‘calm,  warm  waters’. 
 
Answer: suggestion implemented. 
 
L66:  Change  to  “and  potential  predation  from  killer  whales”. 
 
Answer: correction implemented. 
 
L73:  Change  ‘registered’  to  ‘recorded’. 
 
Answer: correction implemented. 
 
L74: [8, 16] not [8], [16] 
 
Answer: correction implemented. 
 
L76:  Change  ‘Great  Barrier  reef’  to  ‘eastern  Australia’. 
Answer: suggestion implemented. 
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L76:  Add  ‘be’  after  not. 
 
Answer: correction implemented. 
 
L77:  ‘suite’  not  ‘suit’. 
 
Answer: correction implemented. 
 
L85:  ‘Clue’  – I  would  switch  this  wording  to  something  like  ‘may  serve  as  an  indicator’ 
 
Answer: correction implemented. 
 
L86-89: What about other regions where breeding/mating on migration is typical and how does this relate to a 
defined breeding ground. Perhaps the migratory corridor is an extension of the breeding grounds but is not a 
breeding ground per se? 
 
Answer: we have implemented this observation by including the following statement, lines 90-91:   “The  
assessment of this aspect is important because humpback whales may breed during migration and not only in 
a defined breeding ground [10].„ 
 
L89:  Change  ‘XX  century’  to  ‘20th  century’. 
 
Answer: correction implemented. 
 
L91:  ‘sightings’  not  ‘sights’. 
 
Answer: correction implemented. 
 
L92: post-protection – doesn’t  this  mean  after  protections  ends?  I  would  say  ‘Humpback  whale  research  since  
the  cessation  of  whaling  has  been  poor….’ 
 
Answer: correction implemented. 
 
L96:  add  ‘(Fig.  1)’  so  it  is  clear  this  is  located  in  Peru. 
 
Answer: suggestion implemented. 
 
L99 -103: – Aim of the paper. Do you assess residency? Are animals milling around or are they migrating 
straight  through?  As  noted  above,  mating  can  occur  while  on  migration  and  this  does  not  constitute  a  ‘breeding  
ground’,  just  an extension of breeding which occurs while on migration. Do you have photo-identification data 
to show residency or tracks of animals showing a milling behavior? 
 
Answer: the objective of the study is stated in lines 106-109. Yes, we do have photo-identification data. 
However, that information is part of an ongoing research project aimed at evaluating the connectivity 
between different foraging and breeding destinations within the breeding locations. These results will be 
presented elsewhere in the near future. This study is focus on distributional patterns and we believe that this 
data set is appropriate to test our proposed prediction.     
 
Methods 
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L111:  Change  ‘realization’  to  ‘course’. 
 
Answer: correction implemented. 
 
L118:  Change  ‘of  2010-2013’  to  ‘from  2010  to  2013’. 
 
Answer: correction implemented. 
 
L120:  Remove  ‘as  stressed  before’. 
 
Answer: correction implemented. 
 
L128: This sentence requires rewording. 
 
Answer:   the   sentence   was   changed   into:   “Sightings   of   humpback   whales   were   conducted   from   whale-
watching  platforms  of  research„  see  line  133.   
 
L129-138: The size of boats can be removed. The reader is most interested in the routes taken or how whales 
were spotted. 
 
Answer: Since the data collection was performed from these boats, we would prefer to keep this information 
within the materials and methods section in order to provide the reader with more detailed background 
knowledge.  
 
L138-142: Please reword as not quite grammatically correct. 
 
Answer: we changed this sentence see lines 143-146:  “During these years humpback whales were located by 
one or two persons sighting whales from the top of a 30 m rocky cliff with the aid of binoculars and directing 
boat skippers towards the position of the groups via radio communication.„ 
 
L138-141: Groups were spotted by land and then there was a choice of which groups to go to. Is the visual data 
available? You have otherwise biased your group selection as there was presumably more than one group in the 
area   and   the   ‘group’  was   recorded  by   the  boat   i.e.   the  group  chosen   to  be   approached.  Mother-calf pairs are 
much easier to get to and single animals can speed off easily. This presents a bias as to what groups were 
recorded by prior selection by your visual station or boat captain (on receiving the information of groups in the 
area). Please clarify this. 
 
Answer: we have clarified this point please see lines 163-168:  “At   the  beginning  of   the   trip,   the  observers  
guided the boats to the first visible whale group. After the first sighting boats navigated the area randomly 
searching for more humpback whales. Thus, the survey effort was never concentrated in a particular 
location or time. When two or three groups of whales were visible to the land observer, boats were directed to 
each  group  individually.  In  this  way,  all  visible  groups  were  registered  by  the  boat  crew„. 
 
L144:  Remove  the  ‘s’  from  ‘groups’. 
 
Answer: correction implemented. 
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L144-146: 30 m is a very close approach. This would affect whale behavior. I think you should note in your 
ethics  statement  that  ‘whales  were  approached  to  within  30  m  following  whale-watching  regulations’. 
 
Answer: we would prefer not to duplicate this information in the manuscript. At the end of the ethics 
statement we pointed out that the details on how whales were approached are available in the methods 
section.  
 
L148-149: It is unclear whether that observation time is for mother-calf or all groups. Please clarify. 
 
Answer: we have clarified this, see line 153: Observation time for mother-calf pairs were less than 25 min.  
 
L157-163: While you have acknowledged that these biases exist (which is good), they should be revisited in the 
discussion. 
 
Answer: this observation is now addressed in the discussion, please see lines 322-332. 
 
L169: pectoral not flipper. 
 
Answer: correction implemented. 
 
L170:  Delete  ‘groups  involving  calves;;’  or  add  the  word  ‘included’  instead  of  the  ‘:’.  Most  people  reading  the  
paper  should  know  what  a  calf  is  so  I’d  condense  the  sentence  substantially.  I  would  suggest  ‘mother  with  her  
dependent  calf’. 
 
Answer: correction implemented. This part was corrected following the first reviewer´s observation.  
 
L183:  Remove  ‘spots’  and  change  ‘located’  to  ‘locations’. 
 
Answer: This part was also corrected following the first reviewer observation. 
 
Results 
 
L222: winter-spring 
 
Answer: correction implemented. 
 
L226: What happened to the big competitive pods? These indicate mating behavior is occurring. What about the 
sightability and followability of the different group types. Mother-calves are much easier to follow from land 
once  you’ve  located  them  so  you  are  more  likely  to  actually  encounter  those.  Did  the  land  survey  keep  a  record  
of what they saw? 
 
Answer: we now included in the text the information on the groups made by three or more whales (see line 
226). In addition, we have clarified the role of the land observer regarding the location of the groups in the 
materials and methods section..   
 
L241:  Start  the  sentence  with  ‘Ninety  eight  percent’. 
 
Answer: correction implemented. 
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L243:  Delete  sentence  starting  ‘A  summary…’.  Change  the  start  of  the  next  sentence  to  ‘According  to  the  Neu  
analysis, mother-calf…..’  and  add  in  ‘Table  3’  in  the  Fig.  4  brackets. 
 
Answer: suggestion implemented. 
 
L257-259: Please reword the sentence as it is unclear. 
 
Answer: The result of the multiple correspondence analyses was removed. 
 
L260:  Change  ‘and  2010’  to  ‘in  2010’. 
 
Answer: same as in the previous comment. 
 
L263-272:  I’m  still  not  convinced a change in 7C would cause any change in breeding behavior. Why would 
this temperature change trigger breeding? 
 
Answer: we do not understand this observation. This part only describes the sea surface temperature in the 
study area. There is no indication along the manuscript suggesting that temperature changes would be a 
breeding trigger. What we mentioned is that the thermal front made by the convergence of the cold upwelling 
waters and the warm equatorial system may serve as an indicator for moving from oceanic waters into the 
neritic realm.    
 
Discussion 
 
I  am  unconvinced  that  this  constitutes  a  ‘breeding  ground’  per  se.  As  noted  above,   it  may  be  an  extension  of  
breeding on a migratory corridor. This does not detract from the results you have presented – it requires some 
rewording to indicate this. Do you have any information on animals migrating through the area or milling 
around i.e. residency times? Do you have within season recaptures of photo-identified individuals? 
 
Answer: we insist that the purpose of this study is not to convince the reviewer that this constitutes a breeding 
ground. As stated before, we show a spatial segregated pattern of distribution often reported in breeding 
areas elsewhere. As we mentioned before, we refer to our study area as a breeding area or range.  
 
L281-282: This is an incorrect statement – calving typically occurs on the wintering grounds. I would be 
cautious with Northern hemisphere references as the Southern hemisphere populations may have slightly 
different dynamics. 
 
Answer: we think that the reviewer misunderstood this sentence. What we mentioned here is that mother-calf 
and escort groups are only seen in breeding and calving areas. We support this with the reference to 
Cartwrite & Sullivan (2009) study on this particular topic.   
 
L285-286: Ok fair enough this is a good point. You should mention this much earlier in the manuscript. Lack of 
directed migratory movement, if you can demonstrate it with your data, would help convince me that this is 
more of a breeding ground then a migratory corridor. 
 
Answer: as stressed before this study focus on the patterns of spatial and temporal distribution of the 
humpback whale groups. As indicated in the discussion, the results of our previous paper where we 
evaluated the direction taken by the whales supports the current results on the overall context. Throughout 
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the manuscript we now refer to a breeding area in order to avoid confusion with the breeding ground 
concept.   
 
L287-288: Aerial behavior is not solely associated with breeding. Its exact function is not clear. I would remove 
this point as these behaviors occur in all areas and do not indicate a mating intent.  
 
Answer: we have followed this suggestion to keep the discussion centered on distributional aspects.    
 
L291-294: I disagree. Mating may be important during the whole season but would only be important to 
receptive females. Then pregnant females arrive and they give birth which of course increases those groups. 
Pregnant females are the last to migrate north to maximize feeding in Antarctica. 
 
Answer: we have changed our sentence according to this observation see lines 281-283:“These  suggest  that  
although mating activity occurs during the whole season, breeding and calving seems to be more important 
during  the  second  half  [20]  „.   
 
L295-97: I would reword this to convey that very young calves and new mothers would likely stay in these 
calm waters until the calf is strong enough to undertake the migration south. Birth and mating are separate 
components of the breeding grounds. I think you need to be clearer on this distinction. 
 
Answer:  we  have  implemented  this  suggestion:“ Groups of humpbacks whales including many calves usually 
leave the breeding area at the end of the season. Very young calves and new mothers stay in calm waters 
until  calves  are  strong  enough  to  undertake  the  migration  south„  (lines  286-287). 
 
L297:  ‘On  the  other  hand’ 
 
Answer: correction implemented.  
 
L300:   ‘principally  adult   females’.  Note   sub-adults should not be mating as they are not mature by definition 
which is how it reads. 
 
Answer: suggestion implemented.  
 
L302:  I  would  include  the  words  ‘post-partum  mating’  when  describing  mating  with  mothers  with  a  young  calf. 
 
Answer: suggestion implemented. 
 
L313-316: Add references for this main explanation. 
 
Answer: suggestion implemented. 
 
L327:  Add  the  word  ‘in’  to  read  ‘….not  considered  in  the  spatial  analysis….’ 
 
Answer: we have corrected this sentence following the first reviewer´s recommendation, see lines 317-321. 
 
L333:  ‘experience’  not  ‘experiment’. 
 
Answer: correction implemented.  
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L360: It depends how old the calves were. They could have been born further north and then slowly made their 
way south. 
 
Answer: we think that the reviewer may be correct but, since the age of the calves is unknown we believe that 
our conclusion is well justified (lines 356-358).   
 
Acknowledgements 
 
L377:  Change  ‘gently’  to  ‘kindly’. 
 
Answer: suggestion implemented. 
 
Figures 
 
Fig. 4 & 5 could be combined into a single figure for ease of comparison. 
 
Answer: we composed a combined figure as suggested by the reviewer. However, such a figure cramped too 
much information and the detail of the sighting positions was somehow missing since we had to reduce the 
size of the maps. We ultimately decided to keep the two figures.  
 
Fig.6 This requires significantly more explaining in its figure caption. It is difficult to follow and interpret the 
most important results by simply looking at it. It should stand alone. Please add in information on the symbols 
and coloring so it is clear for readers who glance at the figure without in-depth reading of the manuscript text. 
 
Answer: as mentioned before, the multiple correspondence analysis was removed from the manuscript.  
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