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ABSTRACT:  Fishing and aquaculture harvesting bans are
increasingly used as an oil spill management tool, with the
intention of protecting public health and consumer markets.
Such bans are easily imposed, but a rational basis is needed
for maintaining and lifting them. Scientific criteria offer the
best prospect for administering fishery bans in a consistent
way, but recent marine pollution incidents reveal contradic-
tions in their application. Inconsistencies can be found when
comparing oil spills in different countries, and also when
the response to different types of pollutant are compared.
This paper explores the approaches for managing activity
bans in the fisheries sector following oil spills. Examples
are drawn from recent oil spills attended in North America,
Europe, and Asia. Recommendations are made for caution
to be exercised in the application of fishing and harvesting
bans and for the adoption of sound criteria for monitoring
their effectiveness.
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Introduction

$OWKRXJK� WKHUH� KDV� EHHQ� D� GRZQZDUG� WUHQG� LQ� WKH� LQFL�
GHQFH�RI�PDMRU�RLO� VSLOOV� LQ� WKH� ODVW� GHFDGH�� WKH� ULVN� RI� RLO
VSLOO� LPSDFW� RQ� FRPPHUFLDO� ILVKHULHV� DQG� DTXDFXOWXUH� LV
LQFUHDVLQJ� DV� FRDVWDO� UHVRXUFHV� EHFRPH� PRUH� KHDYLO\� H[�
SORLWHG��7KH�VSUHDG�RI�DTXDFXOWXUH�SUDFWLFHV�LQ�(XURSHDQ�DQG
$PHULFDQ�FRDVWDO�ZDWHUV�DV�ZHOO�DV�KHLJKWHQHG�IRRG�TXDOLW\
VWDQGDUGV�KDV�DOVR�PHDQW�WKDW�HYHQ�VPDOO�RLO�VSLOOV�FDQ�FDXVH
GLVSURSRUWLRQDWH� GDPDJH�� 6XEVLVWHQFH� ILVKLQJ� DQG� UHFUHD�
WLRQDO�ILVKLQJ�FDQ�DOVR�EH�DW�ULVN��7KH�LPSDFW�RI�RLO�SROOXWLRQ
RQ�ILVKHULHV�KDV�EHHQ�UHYLHZHG�E\�'LSSHU�	�&KXD�������

Tainting.�:KLOVW�FRPPHUFLDOO\� LPSRUWDQW�PDULQH�DQLPDOV
DQG�SODQWV� VHOGRP�VXIIHU� ORQJ�WHUP�KDUP� IURP�RLO� VSLOO�H[�
SRVXUH��WKH�FRQWDPLQDWLRQ�RI�VHDIRRG�FDQ�EH�UHDGLO\�GHWHFW�
DEOH�DV�D�SHWUROHXP�WDVWH��RU�WDLQW��3XEOLF�FRQILGHQFH�LQ�VHD�

IRRG� SURGXFWV� FDQ� TXLFNO\� HURGH� DV� D� UHVXOW� RI� VXVSHFW�� RU
DFWXDOO\� FRQWDPLQDWHG�� SURGXFWV� UHDFKLQJ� WKH� PDUNHW
�*RRGODG���������$� WDLQW� LV�FRPPRQO\�GHILQHG�DV�DQ�RGRXU
RU� IODYRXU� WKDW� LV� IRUHLJQ� WR� D� IRRG� SURGXFW� �,62�� ������
7DLQWLQJ�RI�OLYLQJ�WLVVXH�LV�UHYHUVLEOH�EXW��ZKHUHDV�WKH�XSWDNH
RI� RLO� WDLQW� LV� IUHTXHQWO\� UDSLG�� WKH� GHSXUDWLRQ� SURFHVV
ZKHUHE\�FRQWDPLQDQWV�DUH�PHWDEROLVHG�DQG�HOLPLQDWHG�IURP
WKH�RUJDQLVP�LV�VORZHU��7KH�SUHVHQFH�DQG�SHUVLVWHQFH�RI�WDLQW
ZLOO�GHSHQG�inter alia�RQ�W\SH�DQG�IDWH�RI�RLO��VSHFLHV��H[WHQW
RI�H[SRVXUH��K\GURJUDSKLF�FRQGLWLRQV��DQG�WHPSHUDWXUH�
6RPH��EXW�E\�QR�PHDQV�DOO��RI�WKH�FKHPLFDO�FRPSRQHQWV�LQ

FUXGH�RLOV�DQG�GHULYDWLYHV�ZLWK�WKH�SRWHQWLDO�WR�FDXVH�WDLQWLQJ
KDYH�EHHQ� LGHQWLILHG� �3$5&20��������� 5HOLDEOH� WKUHVKROG
FRQFHQWUDWLRQV� IRU� SHWUROHXP�GHULYHG� WDLQWLQJ� DJHQWV� DUH
ODUJHO\�XQNQRZQ��+HQFH� LW� LV� QRW�SRVVLEOH� WR� GHWHUPLQH� E\
FKHPLFDO�DQDO\VLV�DORQH�ZKHWKHU�D�SURGXFW�LV�WDLQWHG�RU�QRW�
+RZHYHU��WKH�SUHVHQFH�RU�DEVHQFH�RI�WDLQW�FDQ�EH�GHWHUPLQHG
TXLFNO\� DQG� UHOLDEO\� E\� VHQVRU\� WHVWLQJ�� SDUWLFXODUO\� LI� D
WUDLQHG�SDQHO�DQG�VRXQG�WHVWLQJ�SURWRFROV�DUH�HPSOR\HG��7KH
WDLQWLQJ� RI� VHDIRRG� DQG� VHQVRU\� WHVWLQJ� SURFHGXUHV� XVLQJ
WUDLQHG�WDVWH�SDQHOOLVWV�WR�DVVHVV�WDLQW�E\�RGRXU��DQG�WDVWH�LI
QHFHVVDU\�� KDYH� EHHQ� VWXGLHG� H[WHQVLYHO\� DQG� WKH�PHWKRG�
RORJLHV�KDYH�EHHQ�GHVFULEHG�LQ�GHWDLO��+RZJDWH��������'DYLV
HW� DO��� ������ %RWWD�� ������03&8�� ������� DQG� UHFHQWO\� UH�
YLHZHG�E\�+RZJDWH��LQ�SUHVV��
'UDVWLF�PHDVXUHV�DUH�VRPHWLPHV�FDOOHG�IRU�LQ�RUGHU�WR�OLPLW

WKH�LQGLUHFW�HIIHFWV�RI�RLO�VSLOOV�RQ�ILVKHULHV�DQG�DTXDFXOWXUH�
7KLV� SDSHU� IRFXVHV� RQ� WKH� XVH� RI� WHPSRUDU\� ILVKHULHV� FOR�
VXUHV� DQG� KDUYHVWLQJ� DFWLYLW\� EDQV� GXULQJ� RLO� VSLOOV� DV� D
PHDQV�RI�SURWHFWLQJ�FRQVXPHUV�IURP�XQSDODWDEOH�DQG�SRWHQ�
WLDOO\�XQVDIH�VHDIRRG��DQG�H[SORUHV�WKH�UHSHUFXVVLRQV�RI�VXFK
PHDVXUHV� RQ� WKH� RSHUDWLRQ� RI� LQVXUDQFH� DQG� FRPSHQVDWLRQ
VFKHPHV�

Economic loss and compensation.�(FRQRPLF�ORVV�RFFXU�
ULQJ�DV�D�UHVXOW�RI�UHVWULFWLRQV�EHLQJ�LPSRVHG�RQ�ILVKLQJ�DQG



DTXDFXOWXUH�WDNHV�PDQ\�IRUPV��7UDGLWLRQDO�ILVKHUPHQ�ZLOO�EH
GHSULYHG�RI� WKHLU� OLYHOLKRRG�XQOHVV� WKH\� DUH� DEOH� WR� H[SORLW
DOWHUQDWLYH�XQFRQWDPLQDWHG�VWRFNV�RU�SXUVXH�RWKHU�VRXUFHV�RI
LQFRPH�� $TXDFXOWXUH� RSHUDWRUV� WHQG� WR� VHOO� WKHLU� SURGXFH
LQWHUPLWWHQWO\�DQG�VR� WKH� WLPLQJ�DQG�GXUDWLRQ�RI�KDUYHVWLQJ
EDQV� LQ� UHODWLRQ� WR� WKH� QRUPDO� IDUPLQJ� F\FOH� ZLOO� ODUJHO\
GHWHUPLQH�WKH�H[WHQW�RI�HFRQRPLF�ORVV�
7KH�SD\PHQW�RI�FRPSHQVDWLRQ�IRU�GDPDJH�WR�ILVKHULHV�DQG

DTXDFXOWXUH� UHVRXUFHV� FDXVHG� E\� RLO� VSLOOV� IURP� WDQNHUV� LV
JRYHUQHG�SULPDULO\�E\� LQWHUQDWLRQDO� FRQYHQWLRQV��7KH�&LYLO
/LDELOLW\� &RQYHQWLRQV�� UDWLILHG� E\� ���� FRXQWULHV�� LPSRVH
VWULFW� OHJDO� OLDELOLW\� RQ� WDQNHU� RZQHUV� DQG�� LQGLUHFWO\�� WKHLU
LQVXUHUV�� 7KH� )XQG� &RQYHQWLRQV�� UDWLILHG� E\� ��� FRXQWULHV
SURYLGH� IRU� VXSSOHPHQWDU\� FRPSHQVDWLRQ� IURP� WKH� ,QWHUQD�
WLRQDO� 2LO� 3ROOXWLRQ� &RPSHQVDWLRQ� )XQGV� �,23&)�� ZKHQ
FODLPV�H[FHHG� WKH� WDQNHU� RZQHU¶V� OLPLW� RI� OLDELOLW\��&ODLPV
XQGHU�WKH�&RQYHQWLRQV�DUH�DVVHVVHG�DQG�SDLG�LQ�DFFRUGDQFH
ZLWK�XQLIRUP�DGPLVVLELOLW\�FULWHULD�ZKLFK�VWLSXODWH inter alia
WKDW� FODLPV� IRU� ORVVHV� LQFXUUHG� DV� D� UHVXOW� RI� ILVKHULHV� FOR�
VXUHV�VKRXOG�EH�UHDVRQDEOH��,23&)���������,Q�WKH�FRQWH[W�RI
WKH�&RQYHQWLRQV�� ILVKHU\�FORVXUHV�DUH�H[SHFWHG�WR�PLQLPLVH
RU�SUHYHQW�HFRQRPLF�GDPDJH�ZKLFK�PLJKW�RWKHUZLVH�RFFXU�
%\�LPSOLFDWLRQ��ILVKHU\�FORVXUHV�VKRXOG�EH� OLIWHG�RQFH�PDU�
NHWLQJ�DQG�SXEOLF�KHDOWK� FRQVLGHUDWLRQV�KDYH�EHHQ� VDWLVILHG
DQG�WKH�FRVWV�RI�WKH�FORVXUH�RXWZHLJK�WKH�HFRQRPLF�EHQHILWV�
)ROORZLQJ� VRPH� PDMRU� LQFLGHQWV� LQYROYLQJ� KHDY\� FRQ�

WDPLQDWLRQ� RI� FXOWLYDWHG� ILVK� DQG� VKHOOILVK�� WKH� VWRFN� KDV
EHHQ� GHVWUR\HG� DV� D� UHVXOW� RI� GLUHFWLYHV� LVVXHG� E\� SXEOLF
KHDOWK�DXWKRULWLHV��7KH�SROLF\�RI�WKH�,23&�)XQG�LV�WR�DGPLW
FODLPV�RQO\� LI� WKH�GHVWUXFWLRQ�RI� WKH�VWRFN�LV� UHDVRQDEOH�RQ
WKH�EDVLV�RI�VFLHQWLILF�DQG�RWKHU�HYLGHQFH�DYDLODEOH��3HUWLQHQW
FRQVLGHUDWLRQV�LQFOXGH�SURYHQ�RLO�FRQWDPLQDWLRQ�RI� WKH�FXO�
WLYDWHG�VWRFN��GHSXUDWLRQ�UDWHV�LQ�UHODWLRQ�WR�WKH�QRUPDO�KDU�
YHVWLQJ� WLPH�� DQG� WKH� PDUNHWDELOLW\� RI� GHSXUDWHG� VWRFN
�,23&)��������

Public health concerns

7KH�RFFXUUHQFH�RI�WDLQWLQJ�LQ�VHDIRRG�RUJDQLVPV�RU�SURG�
XFWV�KDV�GDPDJLQJ�LPSOLFDWLRQV�IRU�PDUNHWLQJ�DQG��DV�VKRZQ
E\�UHFHQW�H[SHULHQFH�LQ�(XURSH�DQG�1RUWK�$PHULFD��UHSRUWV
RI�WDLQWLQJ�IROORZLQJ�D�PDMRU�VSLOO�FDQ�TXLFNO\�OHDG�WR�SXEOLF
KHDOWK� GLUHFWLYHV� EHLQJ� LQYRNHG�� 7KH� LQFHQWLYH� IRU� JRYHUQ�
PHQW� LQWHUYHQWLRQ�FRPHV�DV�PXFK� IURP�SROLWLFDO�DQG� VRFLDO
FRQVLGHUDWLRQV� DV� IURP� D� VFLHQFH�EDVHG� FRQFHUQ� IRU� FRQ�
VXPHU�ZHOIDUH�
7KH�DURPDWLF�IUDFWLRQV�RI�RLO�FRQWDLQ�WKH�PRVW�WR[LF�FRP�

SRXQGV��DQG�DPRQJVW� WKHVH� LW� LV� WKH���� WR���ULQJ�SRO\F\FOLF
DURPDWLF�K\GURFDUERQV��3$+��WKDW�FRPPDQG�PRVW�DWWHQWLRQ
RQ�DFFRXQW�RI�WKHLU�NQRZQ�FDUFLQRJHQLFLW\��7KH�IXOO�VXLWH�RI
SRWHQWLDO�FDUFLQRJHQV�FRPSULVHV�QXPHURXV�3$+�FRPSRXQGV
DQG� GHULYDWLYHV� ZLWK� YDU\LQJ� SRWHQF\�� )RU� FRQYHQLHQFH�
FRQFHQWUDWLRQV�RI�NQRZQ�FDUFLQRJHQV�DUH�H[SUHVVHG�LQ�WHUPV
RI�%D3� HTXLYDOHQWV��ZKHUHE\� SRWHQFLHV�� LI� WKH\� DUH� NQRZQ�
DUH� QRUPDOLVHG� WR� WKDW� RI� WKH� PRVW� VWXGLHG� FRPSRXQG�
EHQ]R>a@S\UHQH��%D3���(3$�������

7KHUH� LV� QR� HYLGHQFH� IRU� RLO�LQGXFHG� FDQFHUV� IROORZLQJ
VSLOOV�RU� WKDW�RLO�VSLOOV�VLJQLILFDQWO\� LQFUHDVH� WKH�RYHUDOO�KX�
PDQ� H[SRVXUH� WR� FDUFLQRJHQV�� HYHQ� WKRXJK� 3$+� OHYHOV� LQ
FRPPHUFLDO� VSHFLHV� PD\� WHPSRUDULO\� EH� LQFUHDVHG� D� KXQ�
GUHG�IROG�RU�PRUH�IROORZLQJ�DQ�RLO�VSLOO��+RZHYHU�� LQ�FRP�
PRQ�ZLWK�RWKHU�SRWHQWLDOO\�FDUFLQRJHQLF�SROOXWDQWV��LW�LV�QRW
SRVVLEOH� WR�GHILQH�D� FRQFHQWUDWLRQ� WKUHVKROG�RI� FDUFLQRJHQV
WKDW� UHSUHVHQWV� D� ULVN�IUHH� LQWDNH� IRU� KXPDQV�� 3RWHQWLDOO\
FDUFLQRJHQLF� 3$+V� DUH� ODUJHO\� IURP� S\URJHQLF� DQG� SHWUR�
JHQLF� VRXUFHV� DQG�� IRU� WKH� JHQHUDO� SRSXODWLRQ�� H[SRVXUH� WR
3$+��RIWHQ�PHDVXUHG�DV�DERXW�D�GR]HQ����DQG���ULQJ�FRP�
SRXQGV�DQG�GHVLJQDWHG�Σ3$+��LV�SULPDULO\� IURP� IRRG��7KH
GHWDLOHG� FRPSRVLWLRQ� RI� WKH� GLHW� GHWHUPLQHV� ZKLFK� IRRG
LWHPV� DUH� PDMRU� FRQWULEXWRUV�� 7KH� EDFNJURXQG� OHYHO� RI
Σ3$+� LQ�PRVW� VHDIRRG� IURP� QRQ�LQGXVWULDOLVHG� DUHDV� LV� LQ
WKH� UDQJH� RI� �±��� SSE� �6(((&�� ������� /HDI\� YHJHWDEOHV�
VKHOOILVK�DQG�JULOOHG��VPRNHG�DQG�EDUEHFXHG�IRRGV�FDQ�FRQ�
WDLQ�FRQFHQWUDWLRQV�RI�3$+�LQ�H[FHVV�RI�����SSE��VHH�7DEOH
����*ULOOLQJ�RU�VPRNLQJ�IRRG�FRPPRQO\�UHVXOWV�LQ�D�WZR��WR
VL[�IROG�LQFUHDVH�LQ�3$+�OHYHOV��%ROJHU�HW�DO.���������*HQHU�
DOO\��3$+�OHYHOV�LQ�IRRGV�DUH�QRW�VXEMHFW�WR�OHJLVODWLYH�OLPLWV�
DOWKRXJK� OLPLWV� DUH� VHW� IRU� VRPH� FRPSRXQGV� LQ� GULQNLQJ
ZDWHU�
7KH� ULVN� WR� DQ� LQGLYLGXDO� RU� FRPPXQLW\� IURP� RLO� VSLOO�

GHULYHG� FDUFLQRJHQV� VKRXOG� ORJLFDOO\� EH� DVVHVVHG� LQ� WKH
FRQWH[W� RI� WKH� RYHUDOO� H[SRVXUH�� ZKLFK� LV� VXEMHFW� WR� PDQ\
YDULDEOHV�� )URP� D� JHQHUDO� ULVN� HYDOXDWLRQ� RI� WKH� DPRXQW�
IUHTXHQF\� DQG� GXUDWLRQ� RI� 3$+� H[SRVXUH� IROORZLQJ� RLO
VSLOOV��PRVW�VWXGLHV�KDYH�OHG�WR�WKH�FRQFOXVLRQ�WKDW�RLO�VSLOO�
GHULYHG�3$+�FRQWDPLQDWLRQ�RI� VHDIRRG� LV� QRW� D� VLJQLILFDQW
WKUHDW�WR�SXEOLF�KHDOWK��*(6$03��������(3$��������0HDUQV
DQG� <HQGHU�� ������� 6SHFLILF� GDWD� IRU� IUHH�VZLPPLQJ� ILVK
UHYHDO� UHODWLYHO\� UDSLG� 3$+� GHSXUDWLRQ� UDWHV� DQG� LQGLFDWH
WKDW� WKHUH� LV� OLWWOH� RU� QR� MXVWLILFDWLRQ� IRU� FRQFHUQ�� $OVR� IRU
VXEVLVWHQFH�FRQVXPHUV�RI�ILVK�WKH�ULVN�LV�QHJOLJLEOH��&ROOLHU
HW�DO����������)ROORZLQJ�WKH�JURXQGLQJ�RI�WKH�WDQNHU�%5$(5
LQ� ����� RYHU� ������� WRQQHV� RI� FUXGH� RLO� ZHUH� VSLOOHG� DQG
QDWXUDOO\�GLVSHUVHG�LQWR�WKH�ZDWHU�FROXPQ�ZLWKLQ�D�IHZ�GD\V�
$V� VKRZQ� LQ� 7DEOH� ��� PRVW� RI� WKH� ILVK� VSHFLHV� H[DPLQHG
ZHUH�IRXQG�WR�EH�WDLQWHG�DQG�WR�FRQWDLQ�HOHYDWHG�FRQFHQWUD�
WLRQV�RI� �PRVWO\���� DQG���ULQJ�3$+V�EXW� WKH� OHYHOV� UDSLGO\
GLPLQLVKHG� WR� EDFNJURXQG� OHYHOV�� E\� ZKLFK� WLPH� WKH� ILVK
ZHUH� DOVR� WDLQW�IUHH� �7RSSLQJ� HW� DO��� ������ :KLWWOH� HW� DO��
�������7KLV�H[SHULHQFH�IURP�D�PDMRU�LQFLGHQW�LQGLFDWHG�WKDW
UHOLDEOH�VHQVRU\�WHVWLQJ�ZDV�DQ�DGHTXDWH�ILVKHULHV�VFUHHQLQJ
DQG� PRQLWRULQJ� WHFKQLTXH�� ,Q� RWKHU� ZRUGV�� LQ� WHUPV� RI� RLO
FRQWDPLQDWLRQ��LI�D�VHDIRRG�SURGXFW�LV�IRXQG�WR�EH�WDLQW�IUHH�
LW�LV�OLNHO\�WR�EH�ILW�IRU�FRQVXPSWLRQ�
&UXVWDFHDQV��DOWKRXJK�JHQHUDOO\�PRUH�VHGHQWDU\�WKDQ�ILVK�

DOVR� ORVH� WKHLU� WLVVXH� EXUGHQ� RI� K\GURFDUERQV� UHODWLYHO\
TXLFNO\�� ,Q� WKH� 1257+�&$3(� LQFLGHQW� RII� 5KRGH� ,VODQG�
OREVWHUV�EHFDPH�FRQWDPLQDWHG�DQG�WDLQWHG�E\�D�VSLOO�RI�1R���
)XHO� 2LO�� $Q� H[WHQVLYH� SURJUDPPH� RI� VHQVRU\� WHVWLQJ� DQG
3$+�PRQLWRULQJ�RI�OREVWHU�WLVVXHV�VKRZHG�WKDW�WDLQWLQJ�ZDV
GHWHFWHG� IRU� VHYHUDO�PRQWKV�� EXW� KXPDQ� KHDOWK� FULWHULD� DS�
SOLHG�DW�WKH�WLPH�ZHUH�QRW�H[FHHGHG��7KXV��DOVR�LQ�WKLV�FDVH�
VHQVRU\� WHVWLQJ� SURYHG� WR� EH� D� VXIILFLHQWO\� VHQVLWLYH�PRQL�
WRULQJ�WHFKQLTXH�IRU�PDQDJLQJ�D�ILVKHU\�FORVXUH�



)RU� RWKHU� VHVVLOH�� QRQ�VZLPPLQJ� VSHFLHV� WKH� VLWXDWLRQ� LV
PRUH� FRPSOH[� ZLWK� PDQ\� ILOWHU�IHHGLQJ� PROOXVFV�� VXFK� DV
PXVVHOV�� FRFNOHV�� DQG� R\VWHUV�� WHQGLQJ� WR� FRQFHQWUDWH� 3$+
DQG�RWKHU�SRWHQWLDOO\�KDUPIXO�RLO�FRPSRQHQWV�LQ�WKHLU�KHSD�
WRSDQFUHDV�� JRQDGV�� DQG� RWKHU� IDWW\� WLVVXHV� DV� D� UHVXOW� RI
VORZHU� GHSXUDWLRQ�� $V� VXFK� VKHOOILVK� DUH� FRPPRQO\� FRQ�
VXPHG� ZKROH�� WKHVH� HOHYDWHG� FRQFHQWUDWLRQV� PD\� EH� SHU�
FHLYHG� WR�EH� DQ�XQDFFHSWDEOH�KHDOWK� ULVN� IRU� WKH� FRQVXPHU�
6KHOOILVK� SUHGRPLQDQWO\� LQKDELW� WKH� EHQWKLF� DQG� LQWHUWLGDO
HQYLURQPHQWV��RI�ZKLFK�WKH�IRUPHU� LV�UDUHO\�DIIHFWHG�E\�RLO
VSLOOV��+RZHYHU��LQ�WKH�%5$(5�LQFLGHQW�WKH�LQFUHDVHG�3$+
OHYHOV�LQ�FHUWDLQ�PROOXVF�DQG�FUXVWDFHDQ�VSHFLHV�SHUVLVWHG�IRU
VHYHUDO� \HDUV�� ODUJHO\�EHFDXVH�RI� VHYHUH� VHGLPHQW� FRQWDPL�
QDWLRQ��7RSSLQJ�HW�DO����������$V�RI�$XJXVW�������D�FORVXUH
RQ� WKH�EXUURZLQJ� FUXVWDFHDQ�Nephrops norvegicus� UHPDLQV
LQ�IRUFH��$OWKRXJK�WKH�DQLPDOV�DUH�DEOH�WR�WROHUDWH�WKH�SUHV�
HQFH�RI� WKH�RLO�ZLWKRXW�DSSDUHQW�KDUP�� WKH�ERG\�EXUGHQ� RI
3$+� KDV� SHUVLVWHG� DV� D� UHVXOW� RI� FRQWLQXRXV� FRQWDFW� ZLWK
FRQWDPLQDWHG�VHGLPHQW�SDUWLFOHV�
0DQ\� DXWKRULWLHV� WDNH� WKH� YLHZ� WKDW� WKH� NQRZQ� ELR�

FRQFHQWUDWLRQ�FDSDFLW\�RI� VRPH� VKHOOILVK� FDQQRW�EH� LJQRUHG
DQG� WKDW� VRPH� IRUP� RI� FKHPLFDO� DQDO\VLV� WR� PRQLWRU� 3$+
OHYHOV� DQG� GHSXUDWLRQ� UDWHV� LV� QHFHVVDU\� �(3$�� ������� ,Q
FRQWUDVW� WR� WKLV� SRVLWLRQ� DUH� WKH� FRQFOXVLRQV� GUDZQ� IURP
VWXGLHV� RI� WKH� SRWHQWLDO� WKUHDW� SRVHG� E\� RLO� VSLOOHG� LQ� WKH
(;;21�9$/'(=�LQFLGHQW��1R� VLJQLILFDQW� ULVN�ZDV� IRXQG
WR�EH�DVVRFLDWHG�HYHQ�ZLWK�UHJXODU�FRQVXPSWLRQ�RI�VKHOOILVK
IURP� RLO�FRQWDPLQDWHG� VXEVLVWHQFH� ILVKLQJ� JURXQGV� ZKHQ
H[WUDSRODWHG�RYHU�DQ�DYHUDJH�KXPDQ�OLIHVSDQ��/HYHOV�RI�3$+
LQ� PXVVHOV� IURP� RLO� FRQWDPLQDWHG� DUHDV� ���� SSE� %D3
HTXLYDOHQWV��ZHUH�IRXQG�WR�EH�ORZHU�WKDQ�WKRVH�LQ�VDPSOHV�RI
VPRNHG� VDOPRQ� ����� SSE�%D3� HTXLYDOHQWV��� �%ROJHU� HW� DO��
������
,Q�DQ\�HYHQW��VLQFH�QR�VWDQGDUGV�H[LVW�IRU�GHWHUPLQLQJ�SUH�

FLVHO\�ZKDW�OHYHO�RI�RLO�FRQWDPLQDWLRQ�UHSUHVHQWV�DQ�DFFHSW�
DEOH�ULVN�LQ�WHUPV�RI�FDUFLQRJHQLFLW\��LW�LV�GLIILFXOW�WR�RSHUDWH
D� ILVKHULHV� FORVXUH� LQ� D� FRQVLVWHQW� PDQQHU�� 'DWD� RQ� EDFN�

JURXQG� �EDVHOLQH�� OHYHOV� RI� 3$+V� DUH� VSDUVH�� DQG� FKURQLF
PDULQH�LQSXWV�RI�3$+V�IURP�PDQ\�SRSXODWHG�DUHDV�FDQ�EH�RI
D� VLPLODU� RUGHU� RI� PDJQLWXGH� WR� VSLOO�JHQHUDWHG� OHYHOV�� $Q
DGGLWLRQDO�FRPSOLFDWLRQ�LV�WKH�IDFW�WKDW� WKHUH�DUH�FRQIOLFWLQJ
LQWHUHVWV�EHWZHHQ�WKH�SDUWLHV�LQYROYHG�LQ�D�ILVKHULHV�FORVXUH�

• *RYHUQPHQWV� KDYH� D� GHVLUH� WR� SURWHFW� SXEOLF� KHDOWK
EXW�SROLWLFLDQV�PD\�VHHN� WR�FDSLWDOLVH�RQ�RSSRUWXQL�
WLHV�RIIHUHG�E\�D�KLJK�SURILOH�RLO�VSLOO�HYHQW

• )LVKHUPHQ� DQG�DTXDFXOWXUH�RSHUDWRUV�ZLWK� DFFHVV� WR
FRPSHQVDWLRQ� PD\� EH� FRQWHQW� WR� EHQHILW� IURP� WKH
FOHDU�FXW� ORVV� VLWXDWLRQ� FUHDWHG� E\� D� JRYHUQPHQW�
LPSRVHG�EDQ

• 7KH�VSLOOHU��LQVXUHUV��DQG�WKH�,23&�)XQG�ZLOO�FRQWHVW
DQ\�XQMXVWLILHG�FORVXUHV�OHDGLQJ�WR�XQQHFHVVDU\�HFR�
QRPLF�ORVV

• &RQVXPHUV�PD\�RU�PD\�QRW�EH�UHDVVXUHG�E\�FORVXUHV�
GHSHQGLQJ�RQ�WKHLU�SHUFHSWLRQV�

:KHQ�IDFHG�ZLWK�FRQIOLFWLQJ�HFRQRPLF��VRFLDO��DQG�SROLWL�
FDO� LQWHUHVWV�� WKH� UHFRXUVH� IRU�GHFLVLRQ�PDNHUV� LV� WR� UHO\�RQ
REMHFWLYH� VFLHQWLILF� HYLGHQFH�� $OO� LQWHUHVWHG� SDUWLHV� ZLOO� EH
XQLWHG�LQ�WKHLU�ZLVK�WR�SUHYHQW�WDLQWHG��XQSDODWDEOH��VHDIRRG
IURP� UHDFKLQJ� WKH� PDUNHW� DQG� UHDVRQDEOH� PHDVXUHV� WR
DFKLHYH�WKDW�DLP�VKRXOG�QRW�EH�FRQWURYHUVLDO��7KH�TXHVWLRQ�LV
ZKHWKHU� VHQVRU\� WHVWLQJ� LV� VXIILFLHQWO\� VHQVLWLYH� WR� SUHYHQW
XQVDIH�VHDIRRG�IURP�UHDFKLQJ�WKH�PDUNHW�
2LO�WDLQWHG�IRRG�LV�XQSDODWDEOH�HYHQ�DW�YHU\�ORZ�OHYHOV�RI

FRQWDPLQDWLRQ��ZKLFK�SURYLGHV� D� VDIHW\�PDUJLQ� LQ� WHUPV�RI
SXEOLF� KHDOWK�� 7KH� IDFW� WKDW� RLO�FRQWDPLQDWHG� VHDIRRG� FRQ�
WDLQV�FDUFLQRJHQLF�VXEVWDQFHV� LV�XQGHQLDEOH��EXW� LW�GRHV�QRW
IROORZ� WKDW� FRQVXPHUV�PXVW�EH�SURWHFWHG� IURP� HDWLQJ� VXFK
IRRG� VLQFH�DOO�KXPDQ�EHLQJV�FRQVXPH� WKH� VDPH� VXEVWDQFHV
LQ�VLPLODU�RU�JUHDWHU�TXDQWLWLHV�LQ�RWKHU�IUHHO\�DYDLODEOH�IRRG�
(YHU\� VDIHW\� VWDQGDUG� IRU� 3$+� OHYHOV� LQ� RLO�FRQWDPLQDWHG
VHDIRRG�GHYLVHG�LQ�WKH�ZDNH�RI�UHFHQW�RLO�VSLOOV�LV�H[FHHGHG
LQ�PDQ\�IUHHO\�DYDLODEOH�IRRG�LWHPV�DQG�DV�D�UHVXOW�RI�QRUPDO

Table 1.  Total measured PAH* (ng/g wet wt) in reference samples of wild commercial fish and farmed salmon from outside the
Exclusion Zone after the BRAER oil spill in Shetland, January 1993, compared with samples inside the Zone
(Whittle et al., 1997).
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ZKLWLQJ �������� ��� ��������� ����T ������� ���
OHPRQ�VROH �������� ��� ��������� ��� �������� ����
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,QGLYLGXDO�UHVXOWV�DUH�WKH�3$+�FRQFHQWUDWLRQV�RI�D�FRPSRVLWH�VDPSOH�RI�ILVK�PXVFOH�GHULYHG�IURP�XS�WR����LQGLYLGXDO�ZLOG�ILVK�RU
IURP����IDUPHG�ILVK�
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FRRNLQJ� SUDFWLFH� �7DEOH� ���� )URP� D� VWULFWO\�PHGLFDO� VWDQG�
SRLQW��WKHUH�LV�QR�KLVWRULF�RLO�VSLOO�UHODWHG�LQFLGHQW�WKDW�FDQ�EH
KHOG� XS� DV� MXVWLILFDWLRQ� IRU� UHJXODWLQJ� SXEOLF� VHDIRRG� FRQ�
VXPSWLRQ�

The control of fishing activity as a management
tool

*RYHUQPHQW� UHVWULFWLRQV�RQ� ILVKLQJ� DFWLYLW\� DUH�RIWHQ� LP�
SRVHG� DV� D� PHDQV� RI� VWRFN� FRQVHUYDWLRQ� RU� WR� HQVXUH� IDLU
FRPSHWLWLRQ� DPRQJVW� ILVKHUPHQ�� )LVKLQJ� PD\� EH� UHVWULFWHG
WR� FHUWDLQ� SHULRGV� DQG� ORFDWLRQV�� ZLWK� FORVXUHV� RIWHQ� FRLQ�
FLGLQJ�ZLWK� EUHHGLQJ� VHDVRQV� DQG� VLWHV� VR� DV� WR� HQFRXUDJH
QDWXUDO� VWRFN� UHSOHQLVKPHQW�� &DWFKHV� PD\� EH� UHVWULFWHG� WR
FHUWDLQ� TXDQWLWLHV� LQ� D� JLYHQ� SHULRG� �TXRWDV��� 7HPSRUDU\
FORVXUHV�RI�ILVKHULHV�DUH�LPSRVHG�WR�SURWHFW�FRQVXPHUV�IURP
KHDOWK�KD]DUGV�ZKHQ�ZDWHU�TXDOLW\�RU�D�VHDIRRG�UHVRXUFH�KDV
EHFRPH�GHJUDGHG�E\�SROOXWDQWV��QDWXUDO�WR[LFDQWV��RU�PLFUR�
RUJDQLVPV�� ,W� LV� LQVWUXFWLYH� WR� FRPSDUH� RLO� VSLOO� UHVSRQVH
PHDVXUHV� ZLWK� WKH� UHPHGLHV� DSSOLHG� IRU� QRQ�RLO�JHQHUDWHG
SUREOHPV��LQ�GLIIHUHQW�FRXQWULHV�
,QGXVWULDO� HIIOXHQWV�� SODQNWRQ� EORRPV�� DQG� VHZDJH� GLV�

FKDUJHV� DUH� H[DPSOHV� RI� DJHQWV� RWKHU� WKDQ� RLO� FDXVLQJ� WKH
GHJUDGDWLRQ�RI�ZDWHU�DQG�VHDIRRG�TXDOLW\��3XEOLF�KHDOWK�PD\
EH� VHYHUHO\� WKUHDWHQHG� DQG� LQ� VRPH� FDVHV� FRQVXPHUV� KDYH

GLHG� IURP� HDWLQJ� VKHOOILVK� FRQWDPLQDWHG� E\� KHDY\� PHWDOV�
DOJDO� WR[LQV�� DQG� SDWKRJHQLF� EDFWHULD� DQG� YLUXVHV�� )RU� WKLV
UHDVRQ� JRYHUQPHQW� KHDOWK� DXWKRULWLHV� LQ� PDQ\� FRXQWULHV
URXWLQHO\� PRQLWRU� VHDIRRG� K\JLHQH� DQG� TXDOLW\� SDUDPHWHUV
DQG�LPSRVH�VDIHW\�PHDVXUHV�WR�KHOS�UHGXFH�WKH�ULVN�RI�IRRG
SRLVRQLQJ�� ,Q� )UDQFH�� IRU� H[DPSOH�� DOO� VKHOOILVK�JURZLQJ
ZDWHUV�DUH� WHVWHG�WZLFH�D�ZHHN� IRU�EDFWHULD��SK\WRSODQNWRQ�
DQG��LQ�VRPH�DUHDV���KHDY\�PHWDOV��)LVKHULHV�DQG�DTXDFXOWXUH
IDFLOLWLHV�PD\�EH�WHPSRUDULO\�RU�SHUPDQHQWO\�FORVHG�LQ�FDVHV
ZKHUH� FRQWDPLQDQWV� DQG� WR[LQV� LQ� VKHOOILVK� H[FHHG� DJUHHG
DFWLRQ� OLPLWV��2WKHU� H[DPSOHV� RI� QRQ�RLO� VSLOO� LQFLGHQWV� LQ�
FOXGH�WKH������FORVXUH�RQ�OREVWHU�ILVKLQJ�LQ�DQ�DUHD�DGMDFHQW
WR�D�QXFOHDU�SRZHU�VWDWLRQ� LQ�6FRWODQG�EHFDXVH�RI� OHYHOV�RI
UDGLRDFWLYLW\�
)LVKHU\�FORVXUHV�FDQ�EH�LPSRVHG�DIWHU�DQ�RLO�VSLOO�LQ�RUGHU

WR� SUHYHQW� RU� PLQLPLVH� ILVKLQJ� JHDU� FRQWDPLQDWLRQ� DQG� WR
SURWHFW�RU�UHDVVXUH�VHDIRRG�FRQVXPHUV��)LVKHUPHQ�FDQ�DJUHH
WR�D�YROXQWDU\�VXVSHQVLRQ�RI�ILVKLQJ�DFWLYLW\�GXULQJ�D�SHULRG
ZKHQ�RLO�LV�GULIWLQJ�LQ�WKHLU�QRUPDO�ILVKLQJ�DUHD��DQG�WKHUHE\
DYRLG�UHSHDWHGO\�FRQWDPLQDWLQJ�ILVKLQJ�JHDU��$OWHUQDWLYHO\��D
ILVKHU\�PD\�EH�SURWHFWHG�E\� H[WHQGLQJ�H[LVWLQJ� FORVXUHV�RU
LPSRVLQJ� DGGLWLRQDO�EDQV��EXW� WKHUH� DUH� OLNHO\� WR�EH� VHFRQ�
GDU\� FRQVHTXHQFHV� IURP� DOO� WKHVH� PHDVXUHV�� ERWK� SRVLWLYH
DQG�QHJDWLYH��2LO�VSLOO�ILVKHU\�FORVXUHV�PD\�UHVXOW�LQ�EHQHIL�
FLDO�VWRFN�FRQVHUYDWLRQ��SDUWLFXODUO\� LI�WKH�H[SORLWHG�VSHFLHV

Table 2. Polycyclic aromatic hydrocarbon (PAH) concentrations in shellfish after an oil spill
compared with uncontaminated shellfish and some other foods.

)22'�,7(0 3$+�QJ�J �����WR��� 727$/ 5()(5(1&(
352'8&7�:7� ULQJ�3$+ &3$+

([FOXVLRQ�=RQH�SRVW�%UDHU�RLO
VSLOO�VDPSOHG�LQ�-DQXDU\�����

lobster meat ����������  ��� 7RSSLQJ�HW�DO�������
crab white meat ��������  ���
scallop muscle ���������  ����
scallop gonad �����������  ���

5HIHUHQFH�VDPSOHV�RXWVLGH�=RQH
lobster meat ��������  7RSSLQJ�HW�DO�������
crab white meat �������� 
scallop muscle �������� 
scallop gonad ���������� 

)RRG�SURGXFWV
margarines ���������  ��� 0RIIDW�	�:KLWWOH��LQ�SUHVV
vegetable oils ��������  ����
fish oils ����������  ����
dietary supplements/health foods ���������  �������
chocolate ����  ��� /RGRYLFL�HW�DO.������
beet greens ����  ���

EDUEHFXHG�	�VPRNHG�IRRG
barbecued beef ����  ����
barbecued pork ����  ���
pizza in wood-burning oven ����  ����
smoked mackerel, modern kilns ����  ��� .DUO�����

���6XP�RI����WR���ULQJ�3$+
��6XP�RI�QLQH����WR���ULQJ�3$+
�6XP�RI�WKLUWHHQ����WR���ULQJ�3$+
&3$+��6XP�RI�VL[�RU�VHYHQ�SRWHQWLDOO\�FDUFLQRJHQLF�3$+



DUH�QRQ�PLJUDWRU\�� DQG� WKLV� FDQ� VHUYH� WR�RIIVHW� ILVKHUPHQ¶V
ORVVHV�� &RDWHV� ������� KDV� GRFXPHQWHG� LPSURYHG� OREVWHU
FDWFKHV�ZKHQ� WKH� ILVKLQJ�EDQ�ZDV� OLIWHG���PRQWKV� DIWHU� WKH
6($�(035(66�LQFLGHQW�LQ�:DOHV��+RZHYHU��D�FORVXUH�JHQ�
HUDOO\� OHDGV� WR� DQ� HFRQRPLF� ORVV� IRU� ILVKHUPHQ� XQDEOH� WR
SXUVXH�WKHLU�EXVLQHVV�DQG�PD\�JHQHUDWH�VXEVWDQWLDO�FRPSHQ�
VDWLRQ�FODLPV��0DXVHWK�HW�DO����������$TXDFXOWXUH�HQWHUSULVHV
PD\�DOVR�VXIIHU�ODUJH�ORVVHV�DV�D�UHVXOW�RI�WDLQW�LQGXFHG�FOR�
VXUHV��DV�VKRZQ�E\�WKH�LPSDFW�RI�WKH�%5$(5�VSLOO�RQ�6KHW�
ODQG�VDOPRQ�IDUPV��*RRGODG��������
2FFDVLRQDOO\��LW�LV�SRVVLEOH�WR�H[WHQG�ILVKLQJ�SHULRGV�RU�WR

LQFUHDVH� TXRWDV� DKHDG� RI� D� VSUHDGLQJ� RLO� VSLOO� DQG� WKHUHE\
UHGXFH�WKH�DQWLFLSDWHG� ORVV�RI�SURGXFWLRQ�� ,Q� WKH�$(*($1
6($� RLO� VSLOO� LQ� /D� &RUXxD�� 6SDLQ�� WKH� *DOLFLDQ� )LVKHULHV
&RXQFLO� GHOLEHUDWHO\� DXWKRULVHG� DQG� HQFRXUDJHG� ILVKHUPHQ
WR�H[FHHG�SXEOLVKHG�GDLO\�TXRWDV�RI�VKHOOILVK�LQ�DQ�DUHD�XQ�
GHU�WKUHDW�IURP�VSUHDGLQJ�RLO��EXW�DV�\HW�XQDIIHFWHG��%\�WKLV
SURPSW� DFWLRQ�� WKH� HFRQRPLF� ORVV�RI� WKH� ILVKHUPHQ�ZDV� UH�
GXFHG��$�KDUYHVWLQJ�EDQ�ZDV�LPSRVHG�ODVWLQJ���PRQWKV��EXW
ILVKHUPHQ�ZHUH�VWLOO�DEOH�WR�REWDLQ�WKHLU�IXOO�DQQXDO�TXRWD�LQ
WKH� UHPDLQLQJ� �� PRQWKV� RI� WKH� \HDU� EHFDXVH� WKH� VKHOOILVK
VWRFNV� ZHUH� QRQ�PLJUDWRU\� DQG� DYDLODEOH� IRU� FROOHFWLRQ� LQ
ODUJHU�QXPEHUV�RI�ELJJHU�VSHFLPHQV�ZKHQ�WKH�EDQ�ZDV�OLIWHG�
7KH�%5$(5��$(*($1�6($��DQG�6($�(035(66�LQFL�

GHQWV� GHPRQVWUDWH� WKH� (XURSHDQ� WUHQG� WRZDUGV� LQVWLWXWLQJ
ILVKHU\� FORVXUHV� IROORZLQJ� PDMRU� RLO� VSLOOV�� 3XEOLF� KHDOWK
FRQFHUQV�DUH�LQYRNHG�DV� WKH�SULPDU\�UHDVRQ�IRU�LQWURGXFLQJ
FRQWUROV�� EXW� PDUNHWLQJ� LVVXHV� UHODWHG� WR� IHDUV� RI� DGYHUVH
SXEOLF�SHUFHSWLRQ�DUH�FOHDUO\�LPSRUWDQW�IDFWRUV��DV�GLVFXVVHG
E\� *RRGODG� �������� ,Q� WKH� %5$(5� VSLOO� ������ WRQQHV� RI
IDUPHG� VDOPRQ�ZRUWK� ����PLOOLRQ� �8�6��� ZHUH� FRQGHPQHG
EHFDXVH�WKH�PDUNHWLQJ�RI�GHSXUDWHG�VDOPRQ�ZDV�GHHPHG�WR
EH�DW�RGGV�ZLWK�WKH�KLJK�TXDOLW\�LPDJH�RI�6KHWODQG�VHDIRRG
SURGXFWV��7KRVH�LQYROYHG�LQ�DVVHVVLQJ�FRPSHQVDWLRQ�IRU�RLO
VSLOOV�TXHVWLRQHG�ZKHWKHU�JRYHUQPHQW� UHJXODWRUV� VKRXOG� EH
WKH�DUELWHUV�RI�ZKHWKHU�GHSXUDWHG�VHDIRRG�SURGXFWV�DUH�PDU�
NHWHG��VLQFH�WKLV�LV�HVVHQWLDOO\�D�FRPPHUFLDO�MXGJHPHQW�
7KH�$(*($1�6($ � LQFLGHQW�SURYLGHV�DQ�RSSRUWXQLW\� WR

FRQWUDVW�D�VSLOO�UHODWHG�FORVXUH�ZLWK�D�QRQ�VSLOO�FORVXUH��)RO�
ORZLQJ�WKH�LQFLGHQW�LQ�'HFHPEHU�������D�EDQ�ZDV�LPSRVHG
E\� WKH� *DOLFLDQ� )LVKHULHV� &RXQFLO� IRU� RYHU� D� \HDU� RQ� DOO
DTXDFXOWXUH� DFWLYLW\� LQ� D� GHILQHG� ]RQH�� OHDGLQJ� WR� PXVVHO
IDUPLQJ� ORVVHV� HVWLPDWHG� DW� RYHU� 8�6�� ���PLOOLRQ��0XVVHOV
ZHUH�VWURQJO\�WDLQWHG�DQG�GHSXUDWLRQ�ZDV�VORZ��7KH�HIIHFW�RI
WKH�EDQ�RQ� DOO� FXOWLYDWLRQ� DQG�PDLQWHQDQFH� DFWLYLW\�ZDV� WR
UHPRYH�DQ\�SRVVLELOLW\�RI�GHSXUDWHG�PXVVHOV� HYHU� UHDFKLQJ
WKH�PDUNHW��6RPH�������WRQQHV�RI�PXVVHOV�ZHUH�FRQGHPQHG
DQG�GHVWUR\HG�DW� D�PXQLFLSDO�ZDVWH� VLWH��:KHQ� WKH�DFWLYLW\
EDQ�ZDV�OLIWHG�LQ�0D\������WKH�PXVVHO�FXOWLYDWLRQ�UHVXPHG
ZLWK�WKH�FROOHFWLRQ�RI�IUHVK�VHHGOLQJV��7KH�GUDVWLF�LQWHUYHQ�
WLRQ� ZDV� MXVWLILHG� E\� WKH� )LVKHULHV� &RXQFLO� DV� D� PHDQV� RI
SURWHFWLQJ�VHDIRRG�SURGXFW�LPDJH�PRUH�WKDQ�SXEOLF�KHDOWK�
7KH� VDPH� PXVVHO� IDUPV� DUH� DOVR� UHJXODUO\� DIIOLFWHG� E\

EORRPV� RI� WR[LF� SODQNWRQ�� RIWHQ� UHIHUUHG� WR� DV� ³UHG� WLGHV�´
6HDZDWHU�TXDOLW\� LV�PRQLWRUHG�HDFK�ZHHN�DW�D�FHQWUH�HVWDE�
OLVKHG� E\� WKH� )LVKHULHV� &RXQFLO� � DQG� KDUYHVWLQJ� EDQV� DUH
LQWURGXFHG� ZKHQ� WR[LF� SODQNWRQ� VSHFLHV� H[FHHG� VSHFLILHG
DEXQGDQFH��'HVSLWH� WKH�IDFW�WKDW�UHG�WLGH� WR[LQV� LQ�VKHOOILVK
DUH�SRWHQWLDOO\�OHWKDO�WR�FRQVXPHUV��FRPSDUHG�ZLWK�WKH�WKUHDW
RI�DQ�XQSOHDVDQW�WDVWH�IURP�RLO�FRQWDPLQDWLRQ��WKH�DXWKRULWLHV
GR� QRW� UHTXLUH� WKH� PXVVHOV� WR� EH� GHVWUR\HG� DQG� GHSXUDWHG

PXVVHOV� DUH� ODWHU� DOORZHG� WR� UHDFK� WKH� PDUNHW�� $� QRWDEOH
GLIIHUHQFH� EHWZHHQ� WKH� WZR� GLIIHUHQW� VFHQDULRV� LV� WKDW� IXOO
FRPSHQVDWLRQ� LV� QRW� DYDLODEOH� IRU� ORVVHV� FDXVHG� E\� DOJDO
EORRPV�DQG�VR�DOO�SDUWLHV�DUH�DQ[LRXV�WR�UHVXPH�QRUPDO�RS�
HUDWLRQV�DV�VRRQ�DV�SRVVLEOH�
,Q�WKH�6($�(035(66��VSLOO�DQ�R\VWHU�IDUP�LQ�D�VKHOWHUHG

HVWXDU\� ZLWKLQ� WKH� FORVXUH� ]RQH� ZDV� IRXQG� WR� EH� VHYHUHO\
DIIHFWHG� E\� 3$+� FRQWDPLQDWLRQ� �Σ3$+!� ������ SSE��� EXW
KLJK�SUH�VSLOO�OHYHOV�ZHUH�DOVR�UHYHDOHG������SSE��LQGLFDWLQJ
FKURQLF� SROOXWLRQ� RI� WKH� LQWHUWLGDO� PXG� IODWV�� (YHQ� LI� WKH
R\VWHUV�ZHUH�WR�EHFRPH�WDLQW�IUHH�WKURXJK�QDWXUDO�GHSXUDWLRQ
LW�ZDV�SUHGLFWHG�WKDW�WKH\�ZRXOG�IDLO�RWKHU��QRQ�RLO�VSLOO� UH�
ODWHG� SXEOLF� KHDOWK� FULWHULD�� )RUWXQDWHO\� WKH� R\VWHU� IDUPHU
ZDV� LQ� WKH� SURFHVV� RI� FORVLQJ� KLV� EXVLQHVV� DQG� UHWLULQJ�
WKHUHE\� VDYLQJ�SXEOLF�KHDOWK� DGPLQLVWUDWRUV� IURP�KDYLQJ� WR
UHDFK�D�GHFLVLRQ�RQ� FORVLQJ� WKH� IDUP�� 7KH� IDUPHU� UHFHLYHG
IXOO�FRPSHQVDWLRQ�XQGHU�WKH�WHUPV�RI�WKH�&LYLO�/LDELOLW\�DQG
)XQG� &RQYHQWLRQV� IRU� WKH� SURJUHVVLYH� GHVWUXFWLRQ� RI� ��
WRQQHV�RI�RLO�WDLQWHG�R\VWHU�VWRFN��FDUULHG�RXW�LQ�VWHS�ZLWK�KLV
SUH�VSLOO�KDUYHVWLQJ�SODQV�
,Q�WKH�8QLWHG�6WDWHV�WKH�1257+�&$3(�RLO�VSLOO�LQ�5KRGH

,VODQG�LQ������KDV�DFWHG�DV�D�FDWDO\VW�IRU�UHYLHZLQJ�ILVKHULHV
PDQDJHPHQW� SURFHGXUHV�� 6XEVHTXHQW� RLO� VSLOOV� LQ� RWKHU
6WDWHV�KDYH� DOVR�KLJKOLJKWHG�GLIIHUHQFHV� LQ� UHVSRQVH� VWUDWH�
JLHV��,Q�0DLQH��&DOLIRUQLD��DQG�:DVKLQJWRQ�ILVKHU\�FORVXUHV
DUH� LQWURGXFHG�� PDLQWDLQHG� DQG� UHPRYHG� E\� UHIHUHQFH� WR
PRQLWRULQJ� SURJUDPPHV� IRU� WDLQWLQJ� DQG� 3$+� FRQWDPLQD�
WLRQ��EXW�DQ�LQWHUHVWLQJ�FRQWUDVW�LV�SURYLGHG�E\�7H[DV��7KHUH
KDYH� EHHQ� QR� ILVKHU\� FORVXUHV� LQ� 7H[DV� IRU� ��� \HDUV� DQG
SXEOLF�KHDOWK�RIILFLDOV�SUHIHU�DGYLVRU\�GHFODUDWLRQV�DQG�RWKHU�
OHVV� GUDVWLF�� FRQWUROV� RQ� KDUYHVWLQJ� DQG� UHWDLOLQJ�� &RQWUROV
DUH�UHPRYHG�ZKHQ�JURVV�FRQWDPLQDWLRQ�KDV�GLVDSSHDUHG�DQG
SXEOLF�KHDOWK�RIILFLDOV�XWLOLVH�WLVVXH�DQDO\VLV�SXUHO\�WR�YHULI\
RQJRLQJ� GHSXUDWLRQ�� ,I� WKHUH� LV� D� FOHDU� GRZQZDUG� WUHQG� LQ
FRQWDPLQDQW� OHYHOV� LW� LV� DUJXHG� WKDW� DQ\�SXEOLF� H[SRVXUH� WR
WKH� FRQWDPLQDQW� ZLOO� EH� RI� VKRUW� GXUDWLRQ� DQG� UHVWULFWLRQV
FDQ�EH�VDIHO\�UHPRYHG��0HDUQV�DQG�<HQGHU��������
,Q� $VLD� WKHUH� DUH� PDQ\� H[DPSOHV� RI� RLO� VSLOOV� DIIHFWLQJ

ILVKHULHV� DQG�DTXDFXOWXUH� HQWHUSULVHV�� ,Q�&KLQD��.RUHD�� DQG
-DSDQ� DTXDFXOWXUH� IDFLOLWLHV� DUH� YHU\� FRPPRQ� LQ� FRDVWDO
ZDWHUV� DQG� VKRUHOLQH� W\SHV� DUH� FODVVLILHG� DFFRUGLQJ� WR� WKH
GLIIHUHQW� VHDIRRG� VSHFLHV� DYDLODEOH� IRU� OLFHQVHG� FROOHFWRUV
�0ROOHU�HW�DO����������'HVSLWH�VXFK�D�KHDY\�FRQFHQWUDWLRQ�RI
OLYLQJ�PDULQH�UHVRXUFHV�DW�ULVN�IURP�RLO�VSLOOV��WKHUH�DUH�IHZ
UHSRUWHG� LQVWDQFHV� RI� WDLQWLQJ� RU� VHDIRRG� FRQWDPLQDWLRQ�
)RUPDO� FORVXUHV�RU� DFWLYLW\�EDQV� DUH� VHOGRP�� LI� HYHU�� LQWUR�
GXFHG�� ,QVWHDG� YROXQWDU\� VXVSHQVLRQ� RI� ILVKLQJ� LQ� RLO�
SROOXWHG� DUHDV� LV� WKH�QRUP��7KH� YROXQWDU\� VXVSHQVLRQ� W\SL�
FDOO\� ODVWV� �±�� ZHHNV� XQWLO� WKH� JURVV� RLO� FRQWDPLQDWLRQ� RI
VKRUHOLQHV�KDV�GLVDSSHDUHG�RU�KDV�EHHQ�UHPRYHG��)LVKHUPHQ
XVXDOO\� SDUWLFLSDWH� LQ� WKH� VKRUHOLQH� FOHDQ�XS� RSHUDWLRQ� DQG
UHFHLYH� FRPSHQVDWLRQ� IRU� ORVW� ILVKLQJ� LQFRPH� GXULQJ� WKH
QRQ�ILVKLQJ�SHULRG��,Q�PRVW�FDVHV�� ILVKLQJ�DQG�KDUYHVWLQJ�LV
UHVXPHG�ZLWKRXW� DQ\� LOO� HIIHFWV� LQ� WHUPV�RI� WDLQWLQJ��SXEOLF
KHDOWK��RU�PDUNHW� FRQILGHQFH��$Q� H[FHSWLRQ� LV�SURYLGHG� E\
nori� VHDZHHG� IDUPV��ZKLFK� DUH� SDUWLFXODUO\� VHQVLWLYH� WR� RLO
FRQWDPLQDWLRQ�� DQG� WKH� VWRFN� LV� VRPHWLPHV� GHVWUR\HG� LQ
RUGHU�WR�PDLQWDLQ�PDUNHW�FRQILGHQFH�
7KH�UHFHQW�WUHQG�LQ�ERWK�(XURSH�DQG�LQ�1RUWK�$PHULFD�IRU

LPSRVLQJ� PRUH� VWULQJHQW� RSHQLQJ� FULWHULD� IRU� ILVKLQJ� DQG
KDUYHVWLQJ�EDQV��EDVHG�RQ�SHUFHLYHG�FDQFHU� ULVNV�� FDQ�VHQG



FRQIOLFWLQJ� VLJQDOV� WR� WKH� SXEOLF�� 6RPH� FRQVXPHUV�PD\� EH
UHDVVXUHG� E\� ILUP� JRYHUQPHQW� DFWLRQ� UHVWULFWLQJ� WKH� DYDLO�
DELOLW\�RI�WDLQW�IUHH�VHDIRRG�RQ�WKH�JURXQGV�RI�3$+�FRQWDPL�
QDWLRQ�� 2WKHUV� PD\� EHFRPH� DODUPHG� DQG� VHQVLWLVHG� E\� D
KHLJKWHQHG�DZDUHQHVV�RI�FDUFLQRJHQV�LQ�IRRG�JHQHUDOO\�DQG
VHW� DERXW� FKDQJLQJ� GLHWDU\� KDELWV� HYHQ� LQ� WKH� DEVHQFH� RI
FRPSHOOLQJ�UHDVRQV��7KLV�LV�DW�WKH�YHU\�OHDVW�XQQHFHVVDU\�DQG
PD\�EH�DFWLYHO\�GHWULPHQWDO� LI� LQKHUHQWO\�EHQHILFLDO�GLHWDU\
FRPSRQHQWV�OLNH�ILVK�DQG�VKHOOILVK��DQG�YHJHWDEOHV���ULFK�LQ
SURWHLQ�DQG�YLWDPLQV��DUH�UHSODFHG�E\�OHVV�ZKROHVRPH�IRRG�
$�IXUWKHU�GDQJHU�RI�IRFXVLQJ�SXEOLF�DWWHQWLRQ�RQ�D�IODZHG

SHUFHSWLRQ�RI�WKH�3$+�WKUHDW�FRPHV�IURP�WKH�IDFW�WKDW�PDQ\
ILVKHULHV� DQG� DTXDFXOWXUH� HQWHUSULVHV� RSHUDWH� LQ� HQYLURQ�
PHQWDO�FRQGLWLRQV�GHJUDGHG�E\�FKURQLF�3$+�SROOXWLRQ��6LQ�
JOLQJ� RXW� RLO� VSLOOV� IRU� VSHFLDO� WUHDWPHQW� FRXOG� OHDG� WR� GH�
PDQGV� IRU� WKH� VDPH� VWDQGDUGV� WR� EH� DSSOLHG� PRUH� ZLGHO\�
3HUPDQHQW�FORVXUHV��ORVV�RI�HPSOR\PHQW��DQG�DGYHUVH�SXEOLF
RSLQLRQ�DUH�WKH�OLNHO\�FRQVHTXHQFHV�RI�WDNLQJ�WKH�3$+�LVVXH
WR�LWV�H[WUHPH�

Criteria for re-opening fishery closures

([SHULHQFH� IURP� UHFHQW�PDMRU� RLO� VSLOOV� DIIHFWLQJ� ILVKLQJ
DQG� DTXDFXOWXUH� VXJJHVWV� WKDW� WKHUH� LV� VXIILFLHQW� WLPH� IRU� D
TXLFN� VFUHHQLQJ� SURJUDPPH� WR� HVWDEOLVK� ZKHWKHU� FRPPHU�
FLDOO\� LPSRUWDQW� VSHFLHV� DUH� DIIHFWHG� E\� RLO� FRQWDPLQDWLRQ
�/DZ�HW�DO����������7KH�DOWHUQDWLYH�RI�LPSRVLQJ�DQ�DXWRPDWLF
EDQ�SHQGLQJ�DQDO\WLFDO�UHVXOWV�LV�OHVV�VDWLVIDFWRU\�LQ�YLHZ�RI
WKH� SUREOHPV� DVVRFLDWHG� ZLWK� VHOHFWLQJ� UH�RSHQLQJ� FULWHULD
WKDW�DUH�DSSURSULDWH�WR�WKH�FLUFXPVWDQFHV�RI�WKH�RLO�VSLOO�
)LVKHU\�FORVXUHV� LPSRVHG�WR�SUHYHQW�RLO�FRQWDPLQDWLRQ�RI

ILVKLQJ�JHDU�DQG�FDWFKHV�FDQ�JHQHUDOO\�EH�OLIWHG�RQFH�WKH�VHD
VXUIDFH� LV� YLVXDOO\� IUHH� RI� RLO� DQG� VKHHQ�� DQG� WKHUH� LV� QR
SUREOHP� ZLWK� VXQNHQ� RLO�� $HULDO� VXUYHLOODQFH� LV� WKH� PRVW
UHOLDEOH�ZD\�RI�FKHFNLQJ�VHD�VXUIDFH�FRQGLWLRQV��5HVWULFWLRQV
LPSRVHG�RQ�WKH�EDVLV�RI�SURYHQ�WDLQWLQJ�DUH�OLNHO\�WR�EH�PRUH
SURORQJHG�DQG� UHTXLUH�FDUHIXO�PRQLWRULQJ��$�VDPSOLQJ�SUR�
JUDPPH�ZLWK�GHILQHG�REMHFWLYHV�ZLOO�EH�QHFHVVDU\�WR�GHWHU�
PLQH�WKH�GHJUHH��VSDWLDO�H[WHQW�DQG�GXUDWLRQ�RI�WKH�SUREOHP�

Sensory testing.� � 3URSHUO\� FRQGXFWHG� VHQVRU\� WHVWLQJ� LV
WKH�PRVW� HIILFLHQW� DQG� DSSURSULDWH�PHWKRG� IRU� HVWDEOLVKLQJ
WKH� SUHVHQFH� DQG� GLVDSSHDUDQFH� RI� WDLQWLQJ�� %OLQG� WHVWLQJ�
WUDLQHG�WDVWH�SDQHOOLVWV�DQG�YDOLG�FRQWURO�VDPSOHV�DUH�HVVHQ�
WLDO� HOHPHQWV� LQ� D� VHQVRU\� WHVW� SURWRFRO� LQ� RUGHU� WR� REWDLQ
UHSURGXFLEOH�UHVXOWV�DQG�HOLPLQDWH�DQ\�SHUVRQDO�ELDV�RQ� WKH
SDUW�RI�WKH�WHVWHUV��+RZJDWH���������,Q�SULQFLSOH��D�UHODWLYHO\
VPDOO�QXPEHU�RI�VDPSOHV�LV�VXIILFLHQW� WR�FRQILUP�WKH�LQLWLDO
SUHVHQFH� RI� WDLQW� DQG� GHILQH� WKH� DIIHFWHG� DUHD� LQ� RUGHU� WR
LQWURGXFH� D� UHVWULFWLRQ��0RQLWRULQJ� WKH� SURJUHVVLYH� ORVV� RI
WDLQW�E\�VDPSOLQJ�DW�DSSURSULDWH� LQWHUYDOV� WKHUHDIWHU��DOORZV
WKH� SRLQW� DW� ZKLFK� WDLQW� GLVDSSHDUV� WR� EH� GHWHUPLQHG� ZLWK
VRPH� FRQILGHQFH��2QFH� WZR� VXFFHVVLYH� VDPSOH� VHWV� RYHU� D
VKRUW� SHULRG� RI� WLPH� UHPDLQ� FOHDU�� UHVWULFWLRQV� FDQ� EH� UH�
PRYHG�RU�WKH�VFRSH�RI�WKH�EDQ�DGMXVWHG�DV�D�GLVWLQFW�DUHD�RU
VSHFLHV� LV� VKRZQ� WR�EH� IUHH�RI� WDLQW��7KH�FRQILGHQFH� LQ� DF�
FHSWLQJ�WKDW�WKH�ILVK�RU�VKHOOILVK�DUH�FOHDQ�DQG�VDIH�IROORZLQJ
D� SDUWLFXODU� VSLOO� FRPHV� IURP� DQ� DGHTXDWH� WLPH�VHULHV� RI
PRQLWRULQJ�GDWD�VKRZLQJ�WKH�SURJUHVVLYH�UHGXFWLRQ�LQ�WDLQW�
7KHUH�DUH�VRPH�IXQGDPHQWDO�SRLQWV�WR�EH�FRQVLGHUHG�ZKHQ

H[DPLQLQJ� WKH� VWDWLVWLFDO� EDVLV� IRU� OLIWLQJ� D� ILVKLQJ� RU� KDU�
YHVWLQJ�UHVWULFWLRQ��$V�QXPEHUV�RI�FRQWDPLQDWHG�DQG�WDLQWHG

RUJDQLVPV�GHFUHDVH��WKH\�DUH�HQFRXQWHUHG�SURJUHVVLYHO\�OHVV
RIWHQ� LQ� VDPSOHV�� $� VPDOO� VDPSOH� IURP� D� ODUJH� SRSXODWLRQ
ZLOO��LQ�VWDWLVWLFDO�WHUPV��JLYH�D�OHVVHU�GHJUHH�RI�FHUWDLQW\�WKDW
ILVK�DUH�FOHDQ�WKDQ�D� ODUJHU�VDPSOH��$QRWKHU� LVVXH�FRQFHUQV
ZKDW� SURSRUWLRQ� RI� LQGLYLGXDO� VHQVRU\� WHVWLQJ� YHUGLFWV
VKRXOG� GHWHUPLQH� WKH� RYHUDOO� SDQHO� SDVV�IDLO� PDUN�� &ULWHULD
WKDW�DUH� VHW� LQ�DEVROXWH� WHUPV�RI�D�SUH�VHW�SDVV� UDWH�PD\�EH
UHQGHUHG� XQZRUNDEOH� E\� DQ� RYHUO\� VHQVLWLYH� WHVW� SURWRFRO�
7KLV� VLWXDWLRQ� FDQ� DULVH� LQ� XUEDQ� DQG� LQGXVWULDO� DUHDV� ZLWK
KLJK�EDFNJURXQG�RU�SUH�VSLOO�OHYHOV�RI�FRQWDPLQDWLRQ��7KHUH
DUH� VHYHUDO� UHSRUWHG� H[DPSOHV� RI� LQYHVWLJDWLRQV� LQ� ZKLFK
VLJQLILFDQW� RLO� FRQWDPLQDWLRQ� KDV� SURYHG� WR� EH� QRQ�VSLOO�
UHODWHG��0DXVHWK�HW�DO.��������
2QH�MXVWLILDEOH�DSSURDFK��ZKLFK�DGGUHVVHV�ERWK�SUREOHPV�

LV�WR�HVWDEOLVK�DW�ZKDW�SRLQW�D�UHSUHVHQWDWLYH�QXPEHU�RI�VDP�
SOHV�IURP�WKH�SROOXWHG�DUHD�DUH�QR�PRUH�WDLQWHG�WKDQ�DQ�HTXDO
QXPEHU�RI�VDPSOHV�IURP�D�QHDUE\�DUHD�RU�FRPPHUFLDO�RXWOHW
RXWVLGH� WKH� VSLOO� ]RQH� �,23&)���������7KLV� DSSURDFK� LV� LQ�
KHUHQWO\�IDLU�DQG�UHFRJQLVHV�WKDW�WDLQWHG�VDPSOHV��QRW�QHFHV�
VDULO\�GXH� WR�RLO� VSLOOV�� FDQ�RFFXU� LQ� DQ\�SRSXODWLRQ�EXW�� LI
DSSOLHG� ULJRURXVO\�� DWWHQWLRQ� PD\� ZHOO� EH� GUDZQ� WR� KLJK�
XQUHJXODWHG� SUH�VSLOO� OHYHOV� RI� FRQWDPLQDWLRQ� LQ� VHDIRRG
IURP�XUEDQ�DQG�LQGXVWULDO�DUHDV�

Chemical analysis.��,Q�VRPH�FDVHV��WKH�FKHPLFDO�FRPSR�
VLWLRQ�DQG�WKH�IDWH�RI�WKH�VSLOOHG�RLO��RU�WKH�SUHVHQFH�RI�FRP�
PHUFLDO�VKHOOILVK�UHVRXUFHV�LQ�WKH�SDWK�RI�WKH�RLO��PD\�DUJXH
IRU� FKHPLFDO� DQDO\VLV� WR� EH� XQGHUWDNHQ�� 6LQFH� GHWDLOHG
FKHPLFDO� DQDO\VLV� LV� LQYDULDEO\� H[SHQVLYH�� LW� LV� VHQVLEOH� WR
VFUHHQ�VDPSOHV�XVLQJ�TXLFN� DQG�FKHDS�PHWKRGV� LQ�RUGHU� WR
GHWHUPLQH�URXJKO\�WKH�H[WHQW�RI�DQ\�FRQWDPLQDWLRQ��$OWHUQD�
WLYHO\��VHQVRU\�WHVWLQJ�FDQ�EH�XVHG�DV�D�VFUHHQLQJ�WRRO�VR�WKDW
RQO\�WKRVH�VDPSOHV�WKDW�DUH�WDLQW�IUHH�DUH�VHOHFWHG�IRU�IXUWKHU
DQDO\VLV��+RZHYHU��LQ�VHOHFWLQJ�VDPSOLQJ�IUHTXHQF\��D�GHVLUH
WR�VDYH�RQ�DQDO\WLFDO�FRVWV�PXVW�EH�EDODQFHG�DJDLQVW�WKH�YHU\
VXEVWDQWLDO� ILQDQFLDO� LPSOLFDWLRQV� RI� D� FORVXUH�� ZLWK� FRVWV
SRWHQWLDOO\�UXQQLQJ�WR�PDQ\�WKRXVDQGV�RI�GROODUV�SHU�GD\�
,W�LV�ZLGHO\�UHFRJQLVHG�WKDW�WR�LPSRVH�D�VLQJOH�IL[HG�VWDQ�

GDUG�IRU�3$+�OHYHOV�LQ�VHDIRRG�E\�UHIHUHQFH�WR�EDVHOLQH�GDWD
LV�LPSUDFWLFDEOH�IRU�VHYHUDO�UHDVRQV��%DVHOLQH�GDWD�DUH�UDUHO\
DYDLODEOH�DQG�XQOLNHO\�HYHU�WR�EH�DSSOLFDEOH�WR�WKH�FRQGLWLRQV
SUHYDLOLQJ�GXULQJ�D�SDUWLFXODU�RLO�VSLOO��%DFNJURXQG�OHYHOV�RI
K\GURFDUERQV��ZKHUH� WKH\� DUH� NQRZQ�� YDU\� JUHDWO\� DQG�DUH
VXEMHFW�WR�ERWK�S\URJHQLF�DQG�FKURQLF�DQWKURSRJHQLF� LQSXW�
3$+� LQWDNHV� LQ� VHDIRRG� PHDOV� DOVR� YDU\� JUHDWO\� EHWZHHQ
GLIIHUHQW� FRPPXQLWLHV�� DV� GR� WKH� SHUFHLYHG� VHQVLWLYLWLHV� RI
LQGLYLGXDO�FRQVXPHUV�
,Q� UHFHQW� 8�6�� VSLOOV�� WKUHVKROG� FRQFHQWUDWLRQV� RI� 3$+V

KDYH�EHHQ�VHOHFWHG�RQ�D�FDVH�E\�FDVH�EDVLV��SDUWO\�UHIOHFWLQJ
GLIIHUHQFHV� LQ�6WDWH� UHJXODWLRQV� �0DXVHWK� HW� DO��� ������� )RU
H[DPSOH�� WKH� FULWHULD� LPSRVHG� E\� 5KRGH� ,VODQG� 6WDWH
DXWKRULWLHV� IRU� RSHQLQJ� D� OREVWHU� ILVKHU\� LQ� WKH� 1257+
&$3(� LQFLGHQW� LQFOXGHG�� WKH� DEVHQFH� RI� IORDWLQJ� VKHHQ� LQ
WKH� FORVXUH� DUHD�� OHVV� WKDQ� �� SSE� >3$+@� LQ�ZDWHU� VDPSOHV�
WLVVXH� VDPSOHV� WR� EH� IUHH� RI� WDLQW�� DQG� FDUFLQRJHQLF� 3$+
OHYHOV� LQ� OREVWHU� WLVVXH� WR�EH� OHVV� WKDQ����SSE�%D3�HTXLYD�
OHQWV��7KHVH�FULWHULD�ZHUH�GHULYHG�IURP�D�ULVN�EDVHG�DVVHVV�
PHQW�DQG�DQ�DVVXPHG�PD[LPXP�DFFHSWDEOH�FDQFHU�ULVN�OHYHO
RI��� LQ��������� �������GXULQJ� D���\HDU� H[SRVXUH��$� VLPLODU
DSSURDFK� KDV� EHHQ� DGRSWHG� LQ� 0DLQH�� &DOLIRUQLD�� DQG
:DVKLQJWRQ��EXW�WKHUH�LV�D�WUHQG�WRZDUGV�PRUH�VWULQJHQW�3$+



DQG�VHQVRU\� FULWHULD�EHLQJ� DSSOLHG� LQ� VXFFHVVLYH�8�6�� VSLOOV
�&KDOOHQJHU�DQG�0DXVHWK��������
2WKHU�VWUDWHJLHV�KDYH�EHHQ�GHYLVHG�WR�RYHUFRPH�WKH�GLVDG�

YDQWDJHV� RI� D� IL[HG� VWDQGDUG�� 7KH� EDVLF� FULWHULD� IRU� UH�
RSHQLQJ�ILVKHULHV�VHW�E\�8�.��JRYHUQPHQW�DXWKRULWLHV�LQ�WKH
ZDNH�RI�WKH�%5$(5�RLO�VSLOO�LQ������SURYLGHG�WKDW�VDPSOHG
VSHFLHV�VKRXOG�EH�WDLQW�IUHH�DQG�FRQWDLQ�QR�PRUH�3$+V�WKDQ
FRQWURO�UHIHUHQFH� VDPSOHV� FROOHFWHG� MXVW� RXWVLGH� WKH� UH�
VWULFWHG�]RQH��7RSSLQJ�HW�DO����������7KLV�VWUDWHJ\�SURPRWHV
D�VROXWLRQ�WKDW�LV�FRQVLVWHQW�LQ�WKH�ORFDO�FRQWH[W�RI�LQGLYLGXDO
VSLOOV��EXW�WKHUH�LV�DOVR�WKH�OLNHOLKRRG�WKDW�PDUNHGO\�GLIIHUHQW
FULWHULD� DUH� DSSOLHG� RSHQO\� RU� WDFLWO\� ZLWKLQ� D� FRXQWU\� GH�
SHQGLQJ� RQ� EDFNJURXQG� SROOXWLRQ� OHYHOV�� 3XEOLF� KHDOWK
DXWKRULWLHV� FDQ� WKHQ� EH� DFFXVHG� RI� RSHUDWLQJ� GRXEOH� VWDQ�
GDUGV�
7KH�6($�(035(66�RLO�VSLOO�LQ������RII�0LOIRUG�+DYHQ�

:DOHV� UHLQIRUFHG� WKH� LPSRUWDQFH� RI� WUDQVSDUHQW� GHFLVLRQ�
PDNLQJ�EDVHG�RQ� VFLHQWLILF�SULQFLSOHV� DQG� VRXQG�GDWD�� )RO�
ORZLQJ�WKH�VSLOO�RI��������WRQQHV�RI�FUXGH�RLO��D�JRYHUQPHQW
EDQ�RQ� ILVKLQJ� DQG�PDUNHWLQJ� DFWLYLW\�ZDV� LPSRVHG�E\� WKH
:HOVK�2IILFH�$JULFXOWXUH�'HSDUWPHQW�XQGHU�WKH������)RRG
DQG�(QYLURQPHQW�3URWHFWLRQ�$FW��)(3$���ZLWK�UHVSHFW�WR�DOO
FRPPHUFLDO� DQG� UHFUHDWLRQDO� VSHFLHV� LQ� D� GHILQHG� PDULQH
H[FOXVLRQ� ]RQH� DQG� WKH� DGMRLQLQJ� WHUUHVWULDO� IUHVKZDWHU
FDWFKPHQW� DUHD�� 7KH� FORVXUH� ZDV� PDLQWDLQHG� DQG� SURJUHV�
VLYHO\� OLIWHG� E\� UHIHUHQFH� WR� D� PRQLWRULQJ� SURJUDPPH� LQ�
YROYLQJ�D�UDQJH�RI�VSHFLHV�WHVWHG�IRU�WDLQW��WRWDO�K\GURFDUERQ
FRQWDPLQDWLRQ��DQG�Σ3$+�OHYHOV��/DZ�HW�DO����������6HQVRU\
WHVWV�UHYHDOHG�DOO�VDPSOHV�WR�EH�WDLQW�IUHH��DQG�FRQFHQWUDWLRQV
RI�K\GURFDUERQV�DQG�3$+�GHFOLQHG�WR�DFFHSWHG�OHYHOV�ZLWKLQ
ZHHNV��IUHH�VZLPPLQJ�ILVK���PRQWKV��FUXVWDFHDQV���DQG�RYHU
D�\HDU� �ELYDOYH�PROOXVFV���+RZHYHU�� QR� SXEOLF� LQIRUPDWLRQ
RQ� UH�RSHQLQJ� FULWHULD� ZDV� HYHU� LVVXHG� DQG� VRPH� SHRSOH
ZHUH� XQGHU� WKH� PLVWDNHQ� LPSUHVVLRQ� WKDW� VHDIRRG� ZDV� VH�
YHUHO\�FRQWDPLQDWHG�DQG�YHU\�XQVDIH�WR�HDW��6(((&��������
6LPLODU� H[SHULHQFHV� DUH� GHVFULEHG� E\� &KDOOHQJHU� DQG
0DXVHWK� ������� LQ� WKHLU� DFFRXQW� RI� WKH� .85(� RLO� VSLOO� LQ
&DOLIRUQLD� LQ� ����� DQG� WKH� GLIILFXOWLHV� HQFRXQWHUHG� LQ
DJUHHLQJ� XSRQ� UH�RSHQLQJ� FULWHULD� VHYHUDO� ZHHNV� DIWHU� WKH
KDUYHVWLQJ�EDQ�RQ�R\VWHU�KDUYHVWLQJ�ZDV�LPSRVHG�

Conclusions

&UHGLEOH�GHFLVLRQ�PDNLQJ�ZLWK�UHVSHFW�WR�ILVKLQJ�DQG�KDU�
YHVWLQJ�EDQV�VKRXOG�EH�EDVHG�RQ�VRXQG�VFLHQWLILF�SULQFLSOHV
DQG� FRPPRQ� VHQVH�� .QRZOHGJH� RI� ILVKHU\� UHVRXUFH� PDQ�
DJHPHQW�LV�HVVHQWLDO��DV�LV�DQ�XQGHUVWDQGLQJ�RI�RLO�SROOXWDQWV�
WKHLU�SK\VLFDO�DQG�FKHPLFDO�FKDUDFWHULVWLFV��DQG�EDFNJURXQG
OHYHOV�RI�FRQWDPLQDWLRQ��ERWK�ORFDOO\�DQG�QDWLRQDOO\��6HDIRRG
FRQVXPSWLRQ�SDWWHUQV�DQG�VHDVRQDO�YDULDWLRQV�LQ�DYDLODELOLW\
ZLOO�IXUWKHU�KHOS�GHILQH�D�SXEOLF�KHDOWK�ULVN�SURILOH�DQG�DOORZ
UHJXODWRUV� WR� IRUP� D� FRQVLGHUHG� RSLQLRQ� RQ� ULVN� PDQDJH�
PHQW�� 2WKHU� LPSRUWDQW� RLO� VSLOO� FRQWLQJHQF\� FRQVLGHUDWLRQV
LQFOXGH� WKH� QHHG� WR� GHWHUPLQH� UH�RSHQLQJ� FULWHULD� EHIRUH
GHFLGLQJ�RQ�ZKHWKHU�WR�LPSRVH�ILVKLQJ�DQG�KDUYHVWLQJ�EDQV�
WKH�FRQVLVWHQW�DSSOLFDWLRQ�RI�PDQDJHPHQW�UHVWULFWLRQV��DQG�D
IXOO�FRVW�EHQHILW�DSSUDLVDO�RI�WKH�LPSDFW�RI�FRQWURO�PHDVXUHV�
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