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6(&7,21�21(��%DFNJURXQG���������������������������������������������������������������������������������������������������������� ��

,��,QWURGXFWLRQ��������������������������������������������������������������������������������������������������������������������������� ��

,,��2EMHFWLYHV�DGGUHVVHG�EHWZHHQ�-XO\�DQG�'HFHPEHU����� ��������������������������������������������������� ��

6(&7,21�7:2��7R[LFLW\�RI�%W�FRUQ�SROOHQ�WR�PRQDUFK�ODUYDH������������������������������������������������������� ��

,��,QWURGXFWLRQ��������������������������������������������������������������������������������������������������������������������������� ��

,,��3ROOHQ�&ROOHFWLRQ�DQG�%LRDVVD\�&RQGLWLRQV� ������������������������������������������������������������������������� ��

,,,��(IIHFWV�RI�%W�����SROOHQ�RQ�VXUYLYDO�RI��VW�LQVWDU�PRQDUFK�ODUYDH ���������������������������������������� ��

,9��6XEOHWKDO�HIIHFWV�RI�%W�����SROOHQ�RQ��VW�LQVWDU�PRQDUFK�ODUYDH������������������������������������������ ��
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�6(&7,21�7+5((��([SRVXUH�RI�PRQDUFK�ODUYDH�WR�%W�FRUQ�SROOHQ ����������������������������������������������� ���

,��,QWURGXFWLRQ������������������������������������������������������������������������������������������������������������������������� ���

,,�������)LHOG�/RFDWLRQV� ��������������������������������������������������������������������������������������������������������� ���

,,,��'LVWDQFH�DQG�'LUHFWLRQ�RI�3ROOHQ�GLVSHUVDO� ���������������������������������������������������������������������� ���

,9��3ROOHQ�$FFXPXODWLRQ�RQ�0LONZHHG�/HDYHV�IURP�3ODQWV�ZLWKLQ��P�RI�&RUQ�ILHOG�ERUGHUV ���

9��3UR[LPLW\�RI�PLONZHHG�WR�&RUQ�)LHOGV�LQ�2QWDULR ������������������������������������������������������������� ���
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�

2EMHFWLYHV��
• 7R�GHWHUPLQH�D�GRVH�WR[LFLW\�UHODWLRQVKLS�IRU�%W�����FRUQ�SROOHQ�DQG�PRQDUFK�ODUYDH��
• 7R�GHWHUPLQH�WKH�VSDWLDO�DUUDQJHPHQW�RI�PLONZHHG�LQ�UHODWLRQ�WR�FRUQ�ILHOGV���
• 7R�LQYHVWLJDWH�WKH�H[WHQW�RI�GLVSHUVDO�RI�FRUQ�SROOHQ�IURP�FRUQ�ILHOGV�DQG�WKH�FRQFHQWUDWLRQ�

RI�FRUQ�SROOHQ�WKDW�DFWXDOO\�DGKHUHV�WR�PLONZHHG�IROLDJH�DW�GLIIHUHQW�GLVWDQFHV�IURP�ILHOGV��
• 7R� H[DPLQH� WKH� DEXQGDQFH� DQG� SKHQRORJ\� RI�PRQDUFKV� GHYHORSLQJ� RQ� KRVW� SODQWV�ZLWKLQ�

WKH�UDQJH�RI�VLJQLILFDQW�OHYHOV�RI�SROOHQ�GULIW�IURP�%W�FRUQ���
�
7R[LFLW\�RI�%W�FRUQ�SROOHQ�WR�PRQDUFK�ODUYDH�
�

• 7KH� /'��� �WKH� OHWKDO� GRVH� UHTXLUHG� WR� NLOO� ���� RI� WKH� ODUYDH�� ZDV� ���� %W� ���� SROOHQ�
JUDLQV�FP�� DW� ��� KRXUV�� IROORZLQJ� D� ��� KRXU� H[SRVXUH� SHULRG�� 1R� GHFUHDVHV� LQ� ODUYDO�
VXUYLYDO�ZHUH�REVHUYHG� IROORZLQJ�H[SRVXUH� WR�����%W�����SROOHQ� JUDLQV�FP�� OHDI�PDWHULDO�
DQG�QR�GHFUHDVHV�LQ�VXUYLYDO�ZHUH�REVHUYHG�IROORZLQJ�H[SRVXUH�WR�QRQ�%W�SROOHQ�DW�DQ\�RI�
WKH�GRVHV�VWXGLHG��

• 2XU� GDWD� GR� QRW� SURYLGH� FRQFOXVLYH� HYLGHQFH� IRU� D� GHOD\� LQ� GHYHORSPHQW� IROORZLQJ�
LQJHVWLRQ�RI�%W�RU�1RQ�%W�SROOHQ�FRPSDUHG�ZLWK�ODUYDH�IHG�RQO\�OHDYHV��

• 2YHUDOO�� H[SRVXUH� WR� ORZ�GRVHV� RI� %W� SROOHQ� UHVXOWHG� LQ� GHFUHDVHG�ZHLJKW� JDLQ� E\� GD\���
ZKHQ� FRPSDUHG� ZLWK� ZHLJKW� JDLQ� RI� ODUYDH� IHG� OHDYHV� RQO\�� ZKLOH� ORZ� GRVHV� RI� QRQ�%W�
SROOHQ�GLG�QRW�UHVXOW�LQ�ORZHU�ZHLJKW�JDLQ��

• $OWKRXJK� QR� GHFUHDVH� LQ� FRQVXPSWLRQ�ZDV� REVHUYHG� DIWHU� ��� RU� ��� KRXUV� IRU� ODUYDH� IHG�
QRQ�%W�SROOHQ��ODUYDH�IHG�%W�SROOHQ�DWH�OHVV�OHDI�PDWHULDO�WKDQ�WKRVH�IHG�RQO\�OHDYHV��

• 2XU� GDWD� GR� QRW� SURYLGH� HYLGHQFH� IRU� DQ� DYRLGDQFH� RI� %W� E\� �VW� LQVWDU� ODUYDH� WKURXJK�
SK\VLFDO�PRYHPHQW�DZD\�IURP�WKH�SROOHQ�GXVWHG�VXUIDFH��

• 7KH� UHVXOWV� RI� WKH� ELRDVVD\� DUH� H[WUHPHO\� SUHOLPLQDU\� DQG� VKRXOG� EH� LQWHUSUHWHG� ZLWK�
FDXWLRQ��

�
([SRVXUH�RI�PRQDUFK�ODUYDH�WR�%W�FRUQ�SROOHQ�

�
• 7KH�YDVW�PDMRULW\�RI�SROOHQ�IHOO�ZLWKLQ�D�IHZ�PHWHUV�RI�WKH�FRUQ�ILHOG��DSSUR[LPDWHO\�����

IDOOV�ZLWKLQ���PHWHUV�����
• 2Q�DYHUDJH��SROOHQ�FRXQWV�RQ� OHDYHV�ZHUH� ORZHU�WKDQ�WKRVH�GHPRQVWUDWHG�WR�EH�WR[LF�WR�

QHRQDWHV� OHVV� WKDQ� RQH� ZHHN� IROORZLQJ� SHDN� SROOHQ� VKHG� �DOWKRXJK� WKH� UDQJH� RI� YDOXHV�
LQFOXGHG� GHQVLWLHV� WKDW� DSSURDFKHG� WKH� /'��� GHWHUPLQHG� LQ� RXU� H[SHULPHQWV��� � )XUWKHU��
RQO\���PHWHUV�IURP�WKH�ILHOG��SROOHQ�FRXQWV�RQ�PLONZHHG�OHDYHV�ZHUH�FORVH�WR�]HUR��

• 0RUH�PLONZHHG�SODQWV�RFFXU�LQ�FRQVHUYDWLRQ�DUHDV�FRPSDUHG�WR�FXOWLYDWHG�DUHDV�H[FOXGLQJ�
URDGVLGHV���7KH�LPSRUWDQFH�RI�PLONZHHG�SODQWV�DORQJ�URDGVLGHV�UHTXLUHV�IXUWKHU�VWXG\��

• 3UHOLPLQDU\� GDWD� GR� QRW� SURYLGH� HYLGHQFH� IRU� D� VWURQJ� SKHQRORJLFDO� RYHUODS� EHWZHHQ�
PRQDUFK�ODUYDO�VWDJHV�DQG�SHDN�SROOHQ�VKHG�LQ�2QWDULR��������

([HFXWLYH�6XPPDU\
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 �
,�� ,QWURGXFWLRQ��

,Q� UHVSRQVH� WR� D� UHFHQW� SXEOLFDWLRQ� LQ� WKH� MRXUQDO�1DWXUH1� WKDW�
GHPRQVWUDWHG� GHWULPHQWDO� DIIHFWV� LQ� ODUYDH� RI� WKH� PRQDUFK� EXWWHUIO\�
�'DQDXV� SOH[LSSXV�� IROORZLQJ� LQJHVWLRQ� RI� %W� FRUQ� SROOHQ�� D� &),$�
VXSSRUWHG�UHVHDUFK�SURMHFW�ZDV�LQLWLDWHG�DW�WKH�8QLYHUVLW\�RI�*XHOSK�WR�
IXUWKHU� LQYHVWLJDWH� WKH� LPSDFW� RI� %W� FRUQ� SROOHQ� RQ� QRQ�WDUJHW�
/HSLGRSWHUD�� 7KH� VWXG\� SXEOLVKHG� LQ� 1DWXUH� IRXQG� WKDW� H[SRVXUH� WR�
SROOHQ� IURP� WUDQVJHQLF� FRUQ� SODQWV� H[SUHVVLQJ� D� %DFLOOXV� WKXULQJLHQVLV�
HQGRWR[LQ� IURP� D� %W���� K\EULG� �1�����%W� FRUQ�� UHVXOWHG� LQ� LQFUHDVHG�
PRUWDOLW\�DQG�GHOD\HG�GHYHORSPHQW�FRPSDUHG�ZLWK� LQJHVWLRQ�RI�QRQ�%W�
SROOHQ�� � 'HFUHDVHG� FRQVXPSWLRQ� ZDV� REVHUYHG� IROORZLQJ� LQJHVWLRQ� RI�
HLWKHU� SROOHQ� W\SH� FRPSDUHG� ZLWK� FRQWURO� ODUYDH� WKDW� ZHUH� IHG� RQO\�
OHDYHV���%HFDXVH�WKH�DPRXQWV�RI�SROOHQ�XVHG�LQ�WKH�DIRUHPHQWLRQHG�VWXG\�
ZHUH� QRW� UHSRUWHG�� DQG� EHFDXVH� WKH� OHYHO� RI� H[SRVXUH� RI� QRQ�WDUJHW�
OHSLGRSWHUDQ� VSHFLHV� WR� WR[LF� GRVHV� RI� %W� SROOHQ� LV� XQNQRZQ�� WKH�
UHOHYDQFH�RI�WKH�WR[LFLW\�RI�%W�FRUQ�SROOHQ�WR�PRQDUFK�ODUYDH�KDV�\HW�WR�
EH� GHWHUPLQHG�� � 7KXV�� WKH� FXUUHQW� LQYHVWLJDWLRQ� DLPV� WR� IXUWKHU� UHILQH�
WKH� GRVH�WR[LFLW\� UHODWLRQVKLS� DQG� WR� SUHGLFW� WKH� OHYHO� RI� H[SRVXUH� RI�
PRQDUFK�ODUYDH�WR�%W�FRUQ�SROOHQ�LQ�6RXWKHUQ�2QWDULR���7KH�ULVNV�WR�QRQ�
WDUJHW� OHSLGRSWHUD� GHSHQG� RQ� QXPHURXV� IDFWRUV�� VRPH� RI� ZKLFK� DUH�
DGGUHVVHG�KHUH��RWKHUV�LQ�WKH�IXWXUH��

�
6RPH�IDFWRUV�DIIHFWLQJ�WR[LFLW\��
• GLIIHUHQWLDO�VHQVLWLYLWLHV�RI�YDULRXV��ODUYDO�LQVWDUV�
• WKH� DJH� RI� WKH� SROOHQ� �WR� DFFRXQW� IRU� GHJUDGDWLRQ� RI� WKH�
HQGRWR[LQ��

• WKH� VRXUFH� RI� SROOHQ� �IRXU� RI� ILYH� %W�FRUQ� HYHQWV� ZLOO� EH�
UHSUHVHQWHG�LQ�WKH�ILQDO�UHSRUW��

�
6RPH�IDFWRUV�DIIHFWLQJ�H[SRVXUH��
• WKH� RYHUODS� EHWZHHQ� WKH� SUHVHQFH� RI� VHQVLWLYH� ODUYDO� LQVWDUV�
DQG�WKH�SROOHQ�VKHG�SHULRG�IRU�FRUQ�LQ�2QWDULR��

• WKH�SURSRUWLRQ�RI�VXLWDEOH�KDELWDW�LQ�FORVH�SUR[LPLW\�WR�FRUQ��
• WKH�GLVWDQFH�WKDW�SROOHQ�GLVSHUVHV�IURP�WKH�ILHOG�
• WKH�GHJUHH�WR�ZKLFK�SROOHQ�FROOHFWV�DQG�SHUVLVWV�RQ�PLONZHHG�
• GLVSHUVDO� DQG� GHJUDGDWLRQ� SDWWHUQV� XQGHU� GLIIHUHQW� ZHDWKHU�
FRQGLWLRQV�

• DQWL[HQRVLV�DQG�RYLSRVLWLRQ�GHWHUUHQFH����

�������������������������������������������������
1
 Losey, J. E., Rayor, L. S. and M. E. Carter.  1999.  Transgenic pollen harms monarch larvae.  Nature, 399, p. 214.   

6HFWLRQ�,��%DFNJURXQG
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�
,,�� 2EMHFWLYHV�DGGUHVVHG�EHWZHHQ�-XO\������DQG�'HFHPEHU�������

• 7R�GHWHUPLQH�D�SUHOLPLQDU\�GRVH�WR[LFLW\�UHODWLRQVKLS�IRU�%W�FRUQ�
SROOHQ�DQG�PRQDUFK�ODUYDH�XVLQJ�ILHOG�FROOHFWHG�SROOHQ�DQG�ODUYDH�
LQ�ODERUDWRU\�ELRDVVD\V�

�
• 7R�GHWHUPLQH�WKH�VSDWLDO�DUUDQJHPHQW�RI�PLONZHHG�LQ�UHODWLRQ�WR�
FRUQ�ILHOGV��

�
• 7R� LQYHVWLJDWH� WKH� H[WHQW� RI� GLVSHUVDO� RI� FRUQ�SROOHQ� IURP�FRUQ�
ILHOGV�DQG�WKH�FRQFHQWUDWLRQ�RI�FRUQ�SROOHQ�WKDW�DFWXDOO\�DGKHUHV�
WR�PLONZHHG�IROLDJH�DW�GLIIHUHQW�GLVWDQFHV�IURP�ILHOGV��

�
• 7R�H[DPLQH�WKH�DEXQGDQFH�DQG�SKHQRORJ\�RI�PRQDUFK�EXWWHUIOLHV�
GHYHORSLQJ� RQ�PLONZHHG� SODQWV� ZLWKLQ� WKH� UDQJH� RI� SROOHQ� GULIW�
IURP�%W�FRUQ�JURZQ�XQGHU�W\SLFDO�ILHOG�FRQGLWLRQV���

�
 

 

 

,�� ,QWURGXFWLRQ����
3UHOLPLQDU\�ELRDVVD\V�ZHUH�FRQGXFWHG�XVLQJ�PRQDUFK� ODUYDH�� � ,Q�

RUGHU�WR�DVVHVV�WKH�´ZRUVW�FDVH�VFHQDULRµ�IRU�WR[LFLW\�RI�%W�FRUQ�SROOHQ�
WR� WKH� ODUYDH�� ZH� XVHG� �VW� LQVWDUV� DQG� H[SRVHG� WKHP� WR� %W����� SROOHQ�
�0D[LPL]HU�����1RYDUWLV�6HHGV����1HRQDWHV�DUH�RIWHQ�PRUH�VHQVLWLYH�WR�
WR[LF� FRPSRXQGV� WKDQ� DUH� ODUJHU� ODUYDH� DQG� %W����� KDV� JUHDWHU�
FRQFHQWUDWLRQV�RI�%W�HQGRWR[LQ�WKDQ�HLWKHU�%W����RU�0RQ��������
 

,,�� 0HWKRGV�IRU�&ROOHFWLQJ�3ROOHQ�DQG�&RQGXFWLQJ�%LRDVVD\V��

'XULQJ� WKH�SHDN�SROOHQ� VKHG�SHULRG� �D� ILYH�GD\�SHULRG�EHWZHHQ�
-XO\� ��� DQG� -XO\� ���� ����� GHSHQGLQJ� RQ� WKH� ILHOG� ORFDWLRQ��� SROOHQ�ZDV�
FROOHFWHG� E\� VWDSOLQJ� SDSHU� EDJV� RYHU� WKH� VKHGGLQJ� WDVVHOV� RI� ����
UDQGRPO\� VHOHFWHG�FRUQ�SODQWV� DW� HDFK�RI� WKH�QLQH� ILHOG� VLWHV�� �$IWHU����
KRXUV��WKH�EDJ�DQG�WDVVHOV�ZHUH�UHPRYHG�IURP�WKH�SODQW�DQG�WDNHQ�EDFN�
WR�WKH� ODERUDWRU\�ZKHUH�WDVVHOV�ZHUH�VKDNHQ�RXW�DQG�UHPRYHG�DQG�WKH�
SROOHQ� DQG� DQWKHUV� ZHUH� FROOHFWHG� LQ� FOHDU� SODVWLF� FRQWDLQHUV� ZLWK�
YHQWLODWHG�OLGV���3ROOHQ�FROOHFWHG�IURP�HDFK�RI����SODQWV�ZDV�SRROHG�LQ�D�
VLQJOH�FRQWDLQHU�VR�WKDW�WKHUH�ZHUH�IRXU�FRQWDLQHUV�SHU�ILHOG���7KH�SRROHG�

�������������������������������������������������
1
 The Canadian Decision Document (Health Canada) reports that Bt-176 corn pollen (Novartis Seeds) contains 1.4 to 2.3 µg Bt toxin/g 

pollen Bt-11 and Mon810 events are reported to contain 0.33µg toxin/g pollen and 0.09µg toxin/g pollen respectively (Laura Privalle, 
Novartis Seeds, Pers. Comm. , Mark Groth, Monsanto Co., Pers. Comm.)  

6HFWLRQ��,,����7R[LFLW\�RI�%W��&RUQ
3ROOHQ�WR�0RQDUFK�/DUYDH

2QNNGP�
%QNNGEVKQP�
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SROOHQ� VDPSOHV� ZHUH� WKHQ� DJHG� IRU� ��� ��� �� RU� ��� GD\V� SULRU� WR� EHLQJ�
VWRUHG�LQ�D�IUHH]HU�DW����°&���3ROOHQ�ZDV�DJHG�E\�SODFLQJ�WKH�FRQWDLQHUV�
RXWVLGH� RQ� D� JUHHQ� EDFNJURXQG� LQ� D� VXQQ\� ORFDWLRQ�� � &RQWDLQHUV�ZHUH�
FRYHUHG�ZLWK�D�WDUS�RYHUQLJKW�DQG�GXULQJ�SHULRGV�RI�UDLQIDOO�� �$IWHU������
RU����GD\V��FRQWDLQHUV�ZHUH�VHDOHG�DQG�SODFHG�LQ�WKH�IUHH]HU���
 

 
%LRDVVD\V�ZHUH� FRQGXFWHG� LQ� D� JURZWK� FKDPEHU� XQGHU� XQLIRUP�

FRQGLWLRQV�� � /DUYDH�ZHUH�H[SRVHG� WR�SROOHQ� LQ�DUHQDV� WKDW�FRQVLVWHG�RI�
YHQWLODWHG� 3HWUL� GLVKHV� �����FP� GLDPHWHU��� HDFK� FRQWDLQLQJ� D�PLONZHHG�
OHDI� WR� ZKLFK� D� NQRZQ� GHQVLW\� RI� SROOHQ� KDG� EHHQ� DSSOLHG� XVLQJ� D�
PRGLILHG�3RWWHU�WRZHU���7KH�WRZHU�ZDV�PRGLILHG�E\�UHSODFLQJ�WKH�QR]]OH�
WKURXJK�ZKLFK�D�OLTXLG�LQVHFWLFLGH�LV�QRUPDOO\�DGPLQLVWHUHG�ZLWK�D�PHVK�
EDVNHW� RQ� ZKLFK� D� NQRZQ� DPRXQW� RI� SROOHQ� ZDV� SODFHG�� � 3ROOHQ� ZDV�
IRUFHG� WKURXJK� WKH�PHVK�E\�DOORZLQJ�D�VWUHDP�RI�DLU� WR� IORZ�WKURXJK�D�
JODVV� IXQQHO� FXSSHG�RYHU� WKH�EDVNHW�� �7KLV�PHWKRG�UHVXOWHG� LQ�DQ�HYHQ�
GLVWULEXWLRQ� RI� SROOHQ� JUDLQV� RYHU� D� OHDI� SODFHG� DW� WKH� ERWWRP� RI� WKH�
WRZHU���7HQ�ODUYDH�≤����KRXUV�ROG�ZHUH�ZHLJKHG�DV�D�FRKRUW�DQG�SODFHG�
LQ�WKH�FHQWUH�RI�WKH�WRS�RI�D�OHDI�RQ�ZKLFK�HLWKHU�%W�SROOHQ��%W�����IURP�
0D[���� K\EULGV�� 1RYDUWLV� 6HHGV�� ,QF���� QRQ�%W� SROOHQ� �(QHU)HDVW� ���
1RYDUWLV� 6HHGV� ,QF���RU�QR�SROOHQ� �FRQWURO��ZDV�DSSOLHG�� � �/DUYDH�ZHUH�
DOORZHG� WR� IHHG� RQ� WKH� WUHDWHG� OHDIOHWV� IRU� ��� KRXUV�� DIWHU�ZKLFK� WKH\�
ZHUH� JLYHQ� IUHVK�� XQWUHDWHG� OHDI�PDWHULDO� GDLO\�� � /HDI� FRQVXPSWLRQ�ZDV�
PHDVXUHG� DIWHU� ��� KRXUV� �IRU� WKH� HQWLUH� H[SRVXUH�SHULRG�� DW� ��� KRXUV�
�HQFRPSDVVLQJ� WKH� SUHYLRXV� ��� KRXUV�� DQG� DIWHU� �� GD\V� �HQFRPSDVVLQJ�
WKH� SUHYLRXV� ��� KRXUV�� XVLQJ� D� GLJLWDO� FDPHUD� DWWDFKHG� WR� D� FRPSXWHU�
FRQWDLQLQJ�DUHD�DQDO\VLV�VRIWZDUH���:HLJKWV�RI� ODUYDH�ZHUH�UHFRUGHG�IRU�
HDFK�FRKRUW�RQ�WKH�ILIWK�GD\���'HYHORSPHQW��PRUWDOLW\�DQG�WKH�SRVLWLRQ�RI�
WKH�ODUYDH�RQ�WKH�OHDYHV��WRS�RU�ERWWRP��ZHUH�UHFRUGHG�GDLO\���7KH�LQLWLDO�
PHDVXUH� RI� FRQVXPSWLRQ� DOORZHG� XV� WR� HVWLPDWH� WKH� DPRXQW� RI� SROOHQ�
�DQG�WKHUHIRUH�WKH�DPRXQW�RI�WR[LQ��FRQVXPHG�E\�HDFK�FRKRUW����

�
�
�
�
�
�
�
�
�
�
�
�

� (VWLPDWHG�LQWDNH�RI�WR[LQ�E\�QHRQDWH�ODUYDH�IROORZLQJ�D����KRXU�
H[SRVXUH�SHULRG�WR�%W�����SROOHQ�����

�

$KQCUUC[�
/GVJQFQNQI[�
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3ROOHQ�'HQVLW\�
�JUDLQV�FP���

'RVH�RI�%W������µJ�HQGRWR[LQ�ODUYDH���
0HDQ±6(�

�� ��
���� ���(����±����(����
���� ���(����±����(����
����� ���(����±����(����
����� ���(����±����(����
����� ���(����±����(����

1 Based on weight of pollen eaten (the leaf area consumed per larvae x the pollen density x the 
weight for a single pollen grain (based on a calculated weight/density relationship)) and the 
concentration of endotoxin in the pollen. 

 
,,,�� (IIHFWV�RI�%W�����3ROOHQ�RQ�6XUYLYDO�RI��VW�LQVWDU�PRQDUFK�ODUYDH��

$QDO\VLV�E\�3ROR�3&�VRIWZDUH�UHYHDOHG� WKDW� WKH�/'��� �WKH� OHWKDO�
GRVH�UHTXLUHG�WR�NLOO�����RI�WKH�ODUYDH��ZDV�����JUDLQV�FP��DW����KRXUV��
IROORZLQJ�D����KRXU�H[SRVXUH�SHULRG���$Q�$129$��6$6��������UHYHDOHG�
DQ� LQFUHDVH� LQ� PRUWDOLW\� IROORZLQJ� GRVHV� RI� %W� FRUUHVSRQGLQJ� WR� ����
JUDLQV�FP�� RU� JUHDWHU� EXW� QRW� ���� JUDLQV�FP�� ZKHQ� FRPSDUHG� ZLWK�
ODUYDH� IHG� OHDYHV�RQO\�� �1R�GLIIHUHQFHV� LQ�PRUWDOLW\�ZHUH�REVHUYHG� IRU�
ODUYDH�IHG�QRQ�%W�SROOHQ�FRPSDUHG�ZLWK�WKRVH�IHG�OHDYHV�ZLWKRXW�SROOHQ����

�

�

�

�

�

�

�

�

Data were analysed using an ANOVA followed by Tukey’s Studentized Range (HSD) multiple 
comparisons test (SAS, 1990)

1
. 

�

IV. 6XEOHWKDO�HIIHFWV�RI�%W�����3ROOHQ�RQ��VW�LQVWDU�PRQDUFK�ODUYDH� 
 

%HFDXVH� PDQ\� RI� WKH� GRVHV� XVHG� LQ� WKH� ELRDVVD\V� FDXVHG�
FRPSOHWH�RU�QHDU�PRUWDOLW\�RI�ODUYDO�FRKRUWV��DQDO\VLV�RI�VXEOHWKDO�HIIHFWV�
ZDV�OLPLWHG�WR�GRVHV�IURP���WR�����SROOHQ�JUDLQV�FP����)RU�WKLV�UHDVRQ��LW�

�������������������������������������������������
1
 SAS 1990. SAS/STAT User’s Guide fourth edition.  SAS Institute Inc., Cary NC, USA. 

#V�����$V�����RQNNGP�
ITCKPU�EO���PQ�
FGETGCUGU�KP�NCTXCN�
UWTXKXCN�YGTG��
QDUGTXGF�KP�
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DKQCUUC[U�

2TGNKOKPCT[�
DKQCUUC[U�FQ�PQV�
RTQXKFG�GXKFGPEG�
HQT�C�FGNC[�KP��
FGXGNQROGPV�VKOG�
HQNNQYKPI�
KPIGUVKQP�QH�$V�
����RQNNGP�
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LV� QRW� D� FRPSOHWH� WHVW� RI� WKH� LQIOXHQFH� RI� %W� FRUQ� SROOHQ� RQ� VXEOHWKDO�
HIIHFWV�� � 2XU� GDWD� GR� QRW� SURYLGH� HYLGHQFH� IRU� D� GHOD\� LQ� ODUYDO�
GHYHORSPHQW�IROORZLQJ�LQJHVWLRQ�RI�%W�RU�1RQ�%W�SROOHQ�FRPSDUHG�ZLWK�
ODUYDH�IHG�RQO\�OHDYHV���7KH�SURSRUWLRQ�RI�ODUYDH�WKDW�UHDFKHG�DW�OHDVW�WKH�
VHFRQG� LQVWDU�E\�GD\���RU�WKDW�UHDFKHG�WKH�ILIWK� LQVWDU�E\�GD\�VHYHQ�GLG�
QRW�GLIIHU�VLJQLILFDQWO\�DFURVV�WUHDWPHQW�JURXSV���
�

([SRVXUH�WR�ORZ�GRVHV�RI�%W�SROOHQ�UHVXOWHG�LQ�GHFUHDVHG�ZHLJKW�
JDLQ�E\�GD\���ZKLOH�QR�HIIHFWV�RI�QRQ�%W�SROOHQ�ZHUH�REVHUYHG�DW�WKHVH�
GRVHV���+LJK�GRVHV�RI�%W�SROOHQ�UHVXOWHG�LQ�PRUWDOLW\�OHYHOV�WKDW�SUHFOXGHG�
DQDO\VLV����

 

 
Data were analyzed using an ANOVA followed by Tukey’s Studentized Range (HSD) multiple 
comparisons test.  Significant differences (p≤0.05) amongst larvae fed the low doses of pollen  
tested are indicated.   There were only enough survivors in cohorts in the 3 doses presented above 
to be included in the analysis.   

 
$OWKRXJK�QR�GHFUHDVH�LQ�FRQVXPSWLRQ�ZDV�REVHUYHG�IRU�ODUYDH�IHG�1RQ�
%W� SROOHQ� DW� HLWKHU� ��� RU� ��� KRXUV�� ODUYDH� IHG� %W�SROOHQ� DWH� OHVV� OHDI�
PDWHULDO�WKDQ�WKRVH�IHG�RQO\�OHDYHV�DW�DOO�SROOHQ�GRVHV���$JDLQ��KLJK�GRVHV�
RI�%W�SROOHQ�UHVXOWHG�LQ�KLJK�PRUWDOLW\�OHYHOV�E\�GD\����SUHFOXGLQJ�DQDO\VLV�
IRU�FRQVXPSWLRQ�DW����KRXUV��
�
�
�
�
�
�

.QY�FQUGU�QH�$V�
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Data were analysed using an ANOVA followed by Tukey’s Studentized Range (HSD) multiple 
comparisons test  (SAS, 1991).  Consumption periods were analysed separately and data for the 
three highest doses in the latter period were not included in the analysis due to high mortality levels 
at 96 hours.  After 96 hours, there were only enough survivors in the cohorts presented above for 
consumption between 72 and 96 hours for analysis. 

�
$IWHU� ��� KRXUV� WKHUH�ZHUH� QR� VLJQLILFDQW� GLIIHUHQFHV� LQ� WKH� QXPEHU� RI�
ODUYDH� IRXQG� RQ� WKH� XSSHU� OHDI� VXUIDFH� �ZKLFK� FRQWDLQHG� SROOHQ��
FRPSDUHG�ZLWK�RWKHU� ORFDWLRQV� �WKH� ORZHU� OHDI� VXUIDFH�RU�HOVHZKHUH� LQ�
WKH�GLVK��IRU�ODUYDH�H[SRVHG�WR�%W�����SROOHQ��QRQ�%W�SROOHQ�RU�QR�SROOHQ�
�S!��������7KXV��RXU�H[SHULPHQW�SURYLGHV�QR�HYLGHQFH�IRU�DQ�DYRLGDQFH�
RI� %W� E\� �VW� LQVWDU� ODUYDH� WKURXJK� SK\VLFDO� PRYHPHQW� DZD\� IURP� WKH�
SROOHQ�GXVWHG�VXUIDFH��

�
9�� &RQFOXVLRQV�����

• 3ROOHQ� IURP� D� %W����� K\EULG�ZDV� IRXQG� WR� EH� WR[LF� WR� QHRQDWH�
PRQDUFK� ODUYDH� DW� PRVW� GRVHV� VWXGLHG�� � *LYHQ� WKDW� WKH� %W�
HQGRWR[LQ� LQ� WUDQVJHQLF� FRUQ� ZDV� VHOHFWHG� RQ� WKH� EDVLV� RI� LWV�
WR[LFLW\�WR�/HSLGRSWHUDQ� LQVHFWV��SDUWLFXODUO\��WKH�(XURSHDQ�FRUQ�
ERUHU��2VWULQLD�QXELODOLV��WKHVH�UHVXOWV�DUH�QRW�VXUSULVLQJ��

�
• $W� GRVHV� WKDW� GLG� QRW� FDXVH� DQ� LQFUHDVH� LQ� PRUWDOLW\�� VXEOHWKDO�

HIIHFWV� ZHUH� REVHUYHG� LQFOXGLQJ� GHFUHDVHG� FRQVXPSWLRQ� DQG�
ZHLJKW�JDLQ�FRPSDUHG�ZLWK�FRQWURO� ODUYDH�DQG�ODUYDH�IHG�QRQ�%W�
SROOHQ�� � 2XU� GDWD� GR� QRW� VXSSRUW� D� VLJQLILFDQW� GHFUHDVH� LQ�
GHYHORSPHQWDO�WLPH�IRU�ODUYDH�IHG�%W�SROOHQ�YHUVXV�QRQ�%W�RU�QR�
SROOHQ�� � �2XU�UHVXOWV�DUH�VLPLODU� WR� WKRVH�RI�/RVH\�HW�DO�� ������1�
H[FHSW�IRU�WKH�ILQGLQJ�E\�/RVH\�WKDW�ODUYDH�IHG�QRQ�%W�SROOHQ�DOVR�
FRQVXPHG�OHVV�WKDQ�WKRVH�WKDW�ZHUH�QRW�IHG�SROOHQ����'LIIHUHQFHV�
LQ� WKH� W\SHV�RI�SROOHQ�XVHG� DQG�H[SHULPHQWDO�PHWKRGRORJ\�PD\�
H[SODLQ�WKLV�GLVFUHSDQF\��

�
• 7KH� UHVXOWV� RI� WKH� ELRDVVD\� DUH� SUHOLPLQDU\� DQG� DV� VXFK�� VKRXOG� EH�
LQWHUSUHWHG�ZLWK�FDXWLRQ�� �2XU�UHVHDUFK� LV�RQJRLQJ�DQG�IXUWKHU�GDWD�
ZLOO� LPSURYH�RXU�DVVHVVPHQW�RI� OHWKDO�GRVHV�DQG�VXEOHWKDO�HIIHFWV�RI�
%W�SROOHQ�RQ�WKH�PRQDUFK�EXWWHUIO\��

�
�

9,�� )XWXUH�UHVHDUFK�*RDOV��

%HJLQQLQJ� LQ�)HEUXDU\��ELRDVVD\V�ZLOO�EH�FRQGXFWHG�WKDW� LQFOXGH�D�UDQJH�
RI�VXEOHWKDO�GRVHV�LQ�DGGLWLRQ�WR�OHWKDO�GRVHV�LQ�RUGHU�WR�HVWDEOLVK�D�PRUH�
UHILQHG� WKUHVKROG� GRVH� IRU� PRUWDOLW\� DQG� LQ� RUGHU� WR� DVVHVV� SRWHQWLDO�
VXEOHWKDO�HIIHFWV�RQ� ODUYDH�DQG�DGXOW�EXWWHUIOLHV�H[SRVHG�WR�%W�SROOHQ�DV�
ODUYDH���7KH�UHOHYDQFH�RI�VXEOHWKDO�HIIHFWV�WR�WKH�SRSXODWLRQ�ZLOO�GHSHQG�

�������������������������������������������������
1
 Losey, J. E., Rayor, L. S. and M. E. Carter.  1999.  Transgenic pollen harms monarch larvae.  Nature, 399, p. 214. 

#XQKFCPEG�QH�$V�
����RQNNGP�YCU�PQV�
QDUGTXGF�
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RQ� ERWK� WKH� UHSURGXFWLYH� ILWQHVV� RI� H[SRVHG� LQVHFWV� DQG� WKH� SRVVLEOH�
HIIHFW� RQ� UHSURGXFWLYH� DQG�RU� PLJUDWRU\� V\QFKURQ\� ZLWK� QRQ�H[SRVHG�
LQGLYLGXDOV�� �%LRDVVD\V�ZLOO�DOVR�EH�FRQGXFWHG�XVLQJ�WKLUG�LQVWDU�PRQDUFK�
ODUYDH�DQG�SROOHQ�IURP�RWKHU�HYHQWV��
�
� ,Q�DGGLWLRQ�WR�FRQWLQXHG�ODERUDWRU\�ELRDVVD\V��D�ILHOG�ELRDVVD\�ZLOO�
EH� FRQGXFWHG� GXULQJ� WKH� VXPPHU�� ����� LQ�ZKLFK� ILUVW� DQG� WKLUG� LQVWDU�
PRQDUFK� ODUYDH�ZLOO� EH� SODFHG� RQ�PLONZHHG� SODQWV� DW� NQRZQ� GLVWDQFHV�
IURP�FRUQ�ILHOGV�DQG�PRUWDOLW\�DQG�GHYHORSPHQW�PRQLWRUHG�WR�SXSDWLRQ���
6XUYLYLQJ� ILIWK� LQVWDU� ODUYDH� ZLOO� EH� EURXJKW� WR� WKH� ODE� WR� FRPSOHWH�
GHYHORSPHQW� VR� WKDW� WKH� IHFXQGLW\� RI� DGXOWV� FDQ� EH� DVVHVVHG�� � $� ILHOG�
HYDOXDWLRQ� LV� LPSHUDWLYH� LQ�RUGHU�WR�DFFRXQW�IRU�QDWXUDO�DQG�EHKDYLRXUDO�
IDFWRUV�WKDW�FDQQRW�EH�VLPXODWHG�LQ�D�ODERUDWRU\�H[SHULPHQW� 

�

�

�
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�

�

�

,�� ,QWURGXFWLRQ��

7KH� VHYHULW\� RI� GHWULPHQWDO� HIIHFWV� RI� %W� FRUQ� SROOHQ� RQ� QRQ�
WDUJHW�/HSLGRSWHUDQ� VSHFLHV�GHSHQGV�RQ� WKH� OHYHO�RI�H[SRVXUH� WR� WR[LF�
GRVHV� RI� SROOHQ�� � 7KXV�� LQ� WKH� VXPPHU� RI� ������ ZH� H[DPLQHG� WKH�
GLVWDQFH��GLUHFWLRQ�DQG�GHQVLW\�RI�SROOHQ�GLVSHUVDO�DW�VHYHUDO�ILHOG�VLWHV�LQ�
6RXWKZHVWHUQ�2QWDULR�� � � ,Q� DGGLWLRQ�� ZH� FROOHFWHG�PLONZHHG� OHDYHV� DW�
NQRZQ�GLVWDQFHV� IURP�WKH� ILHOG�HGJH�DQG�GHWHUPLQHG�SROOHQ�GHSRVLWLRQ�
RQ�WKHP�DW�WKH�HQG�RI�WKH�SROOHQ�VKHG�SHULRG���,Q�RUGHU�WR�GHWHUPLQH�WKH�
H[WHQW� WR�ZKLFK�PLONZHHG� RFFXUV� LQ� FXOWLYDWHG� DQG� XQFXOWLYDWHG� DUHDV��
WUDQVHFW�FRXQWV�RI�SODQWV�ZHUH�WDNHQ�LQ�YDULRXV�KDELWDWV�DGMDFHQW�WR�FRUQ��
ILHOGV�� � )LQDOO\�� VHSDUDWH� WUDQVHFWV� LQ� WKUHH� KDELWDWV� ZHUH� XVHG� WR�
LQYHVWLJDWH�WKH�SKHQRORJLFDO�RYHUODS�EHWZHHQ�PRQDUFK�ODUYDH�DQG�SROOHQ�
VKHG��
�
�

,,�� �����)LHOG�/RFDWLRQV��

1LQH�%W�FRUQ� ILHOGV�ZHUH� FKRVHQ� IRU� VWXG\�ZKLFK�ZHUH� ORFDWHG�
ZLWKLQ� WKH� :HOOLQJWRQ�� 2[IRUG� DQG� +DPLOWRQ�:HQWZRUWK� FRXQWLHV� RI�
6RXWKHUQ�2QWDULR���$Q�DWWHPSW�ZDV�PDGH�WR�VHOHFW�VPDOO�FRUQ�ILHOGV����
���DFUHV��ZLWK�DFFHVV� WR�DOO� VLGHV�DQG� OLWWOH� WR�QR�DGMDFHQW�FRUQ�� �:KHQ�
WKLV�ZDV�QRW�SRVVLEOH��ILHOGV�ZHUH�VHOHFWHG�WKDW�PHW�WKHVH�FULWHULD�RQ�WKH�
VRXWKHUQ� DQG� HDVWHUQ� VLGHV�� DV� WKHVH� ZHUH� FRQVLGHUHG� WKH� PRVW�
LPSRUWDQW� IRU�VWXG\�GXH�WR�SUHYDLOLQJ�1RUWKZHVWHUO\�ZLQGV�� �7KH�VWXG\�
ZDV� FRQGXFWHG� GXULQJ� WKH� SROOHQ� VKHG� SHULRG� IURP� -XO\� ��� WR� -XO\� ����
DOWKRXJK�VSHFLILF�WLPLQJ�RI�WKH�VKHG�YDULHG�IURP�ILHOG�WR�ILHOG���
� 7KH� ILHOGV�ZHUH�SULPDULO\� UHFWDQJXODU�DQG�� LGHDOO\��ZHUH� WR�KDYH�
���WUDQVHFWV�UDGLDWLQJ�IURP�WKH�ILHOG·V�FHQWHU�DQG�SDVVLQJ�WKURXJK�HLWKHU�
WKH�IRXU�FRUQHUV��RU�õ��ô�RU�ö�RI�WKH�ZD\�GRZQ�HDFK�VLGH���$ORQJ�HDFK�
WUDQVHFW��D�ZRRGHQ�VWDNH��DSSUR[LPDWHO\���P�KLJK��ZDV�SODFHG�DW����������
�����������DQG�����P�IURP�WKH�ILHOG·V�HGJH���$GMXVWPHQWV�ZHUH�PDGH�WR�
WKHVH�GLVWDQFHV�DORQJ�DQJOHG� WUDQVHFWV� LQ�RUGHU� WR�PDLQWDLQ� WKH�FRUUHFW�
GLVWDQFH� SHUSHQGLFXODU� WR� WKH� HGJH� RI� WKH� ILHOG�� � ,Q� PDQ\� FDVHV�� WKH�
SURSHUW\�DURXQG�WKH�VWXG\�ILHOG�ZDV�LQDFFHVVLEOH��L�H���UHVLGHQWLDO��GHQVH�
IRUHVW�� KDUYHVWLQJ� ILHOG� FURS�� DQG� RQO\� WKH� VWDNHV� FORVHVW� WR� WKH� HGJH�
FRXOG�EH�HUHFWHG����
� %HFDXVH�SROOHQ�VKHG�RFFXUV�RYHU�DSSUR[LPDWHO\���ZHHNV��ZLWK�D�
SHDN�SHULRG�RI�VKHG�GXULQJ�WKH�ILUVW���GD\V��SROOHQ�GLVSHUVDO�ZDV�VDPSOHG�
RYHU� ��� KRXU� SHULRGV� IRU� WKH� ILUVW� ILYH� GD\V� DQG� WKHQ� RYHU� ��� KRXU�

6HFWLRQ�,,,���([SRVXUH�RI�0RQDUFK
/DUYDH�WR�%W�&RUQ�3ROOHQ
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SHULRGV� IRU� WKH� UHPDLQGHU� RI� WKH� VKHG�� � 3ROOHQ�ZDV� FROOHFWHG� RQ� 3HWUL�
SODWHV�SDLQWHG�ZLWK�VWLFN\�PDWHULDO��6WLFN\�6WXII�RU�7DQJOHIRRW��WKDW�ZHUH�
DWWDFKHG� WR� WKH� WRS� RI� HDFK� VWDNH�ZLWK� YHOFUR�� � $IWHU� H[SRVXUH�� SODWHV�
ZHUH�ODEHOHG��UHSODFHG�ZLWK�D�QHZ�SODWH�DQG�KHOG�DW�²��°�&�WR�SUHYHQW�
PRXOG�JURZWK��3ROOHQ�ZDV�FRXQWHG�RQ�HDFK�SODWH�DW���UDQGRPO\�VHOHFWHG�
�FP�� DUHDV� DQG� D� PHDQ� SROOHQ� GHQVLW\� SHU� VTXDUH� FHQWLPHWHU� ZDV�
GHWHUPLQHG����

�
,,,�� 'LVWDQFH�DQG�'LUHFWLRQ�RI�3ROOHQ�'LVSHUVDO��
�
�

3ROOHQ�FRXQWV�RQ�3HWUL�SODWHV�DUH�FXUUHQWO\�XQGHUZD\���7KXV�IDU��
GDWD�IRU�WKH�ILUVW�WKUHH�GD\V�IRU�HDFK�RI�WZR�ILHOGV�KDV�EHHQ�UHFRUGHG�DQG�
LV�SUHVHQWHG�EHORZ��

�
�

3HUFHQW�SROOHQ�IDOOLQJ�ZLWKLQ�D�JLYHQ�GLVWDQFH�
IURP�WKH�ILHOG�HGJH
�

�
�

)LHOG�

�
�

'LUHFWLRQ� ��P� ��P�
�� 6� ��� ���
� :� ��� ���
� (� ��� ���
�� 1� ��� ���
� 6� ��� ���
� :� ��� ���
� (� ��� ���


� GDWD� DUH� DYHUDJHV� RI� SROOHQ� FRXQWV� IRU� WKH� SODWHV� FROOHFWHG� IURP� -XO\� ��� WR� -XO\� ���� � )RU� HDFK� SODWH�� ��

UDQGRPO\�VHOHFWHG��FP��DUHDV�ZHUH�REVHUYHG��

�
5HJDUGOHVV��RI�WKH�GLUHFWLRQ�IURP�WKH�ILHOG��PRVW�RI�WKH�SROOHQ�IDOOV�ZLWKLQ�
�P� RI� WKH� ILHOG·V� HGJH�� � 7KLV� GDWD� LV� UHPDUNDEO\� FRQVLVWHQW� ZLWK� WKH�
ILQGLQJV�RI�QXPHURXV�RWKHU�UHVHDUFKHUV�LQ�WKH�8QLWHG�6WDWHV�����

7KH�GLUHFWLRQ�RI�SROOHQ�GLVSHUVDO�IURP�WKH�ILHOG�HGJH�UHIOHFWV�WKH�
SUHYDLOLQJ�1RUWKZHVWHUO\�ZLQGV� LQ� 6RXWKHUQ�2QWDULR�� � 7KXV�� WKH� VRXWK�
DQG�HDVW�VLGHV�RI�D�ILHOG�WHQG�WR�FROOHFW�PRUH�SROOHQ�RXWVLGH�RI�WKH�ILHOG�
WKDQ�WKH�QRUWK�DQG�ZHVW�VLGHV����

�������������������������������������������������
1
 Research findings presented at the Monarch Butterfly Research Symposium, Chicago, 1999 by Dr. Richard Hellmich, USDA, Iowa State 

University; Dr. Galen Dively, University of Maryland; and Dr. John Pleasants, Iowa State University were remarkably consistent with our own 
findings.    
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�

�
3ROOHQ�GLVSHUVDO�RYHU�WKH� ILUVW� WKUHH�GD\V�RI�SHDN�SROOHQ�VKHG��-XO\�������� IRU�WZR�
ILHOGV�LQ�WKH�VXPPHU�RI������

�
�
)RU� WKH� HDVW� VLGH� RI� )LHOG� �� �ZKLFK� FROOHFWHG�PRUH� WKDQ� �[� WKH�

DPRXQW�RI�SROOHQ�IRXQG�RQ�WKH�ZHVW�VLGH���WKH�DFWXDO�DPRXQWV�RI�SROOHQ�
IRXQG�RQ�SODWHV�RYHU�D����KRXU�SHULRG�DW�WKH�HGJH�RI�WKH�ILHOG�IRU�HDFK�RI�
WKUHH� GD\V� RI� WKH� SHDN� SROOHQ� VKHG� SHULRG� UDQJHG� IURP� ���� WR� ����
JUDLQV�FP���ZKLOH�WKH�DPRXQWV�UHFRUGHG�IURP�SODWHV�SRVLWLRQHG��P�IURP�
WKH� HDVW� HGJH� UDQJHG� IURP� ��� WR� ���� JUDLQV�FP��� � 2Q� DYHUDJH�� ����
JUDLQV�FP�� DQG� ���� JUDLQV�FP�� ZHUH� IRXQG� DW� WKH� HGJH� DQG� DW� �P�
UHVSHFWLYHO\����$W����P�IURP�WKH�ILHOG�HGJH��DQ�DYHUDJH�RI����JUDLQV�FP��
ZDV�REVHUYHG�IRU�WKLV�ILHOG����

�
7KHVH� YDOXHV� DUH� LPSRUWDQW� IRU� RXU� XQGHUVWDQGLQJ� RI� WKH�

UHOHYDQFH�RI�GRVHV�IRXQG�WR�EH�WR[LF�WR�PRQDUFK�ODUYDH��+RZHYHU��WKH\�
PXVW� EH� EDODQFHG� DJDLQVW� IDFWRUV� VXFK� DV� SROOHQ� DFFXPXODWLRQ� RYHU�
VHYHUDO�GD\V�DQG�UDLQIDOO�RU�ZLQG�SDWWHUQV�WKDW�PD\�GHFUHDVH�WKH�GHQVLWLHV�
IRXQG�RQ�OHDYHV�����3UHOLPLQDU\�UHVXOWV�IURP�WKH�ZRUN�RI�3OHDVDQWV�HW�DO��
������1�� LQGLFDWH� WKDW� PLONZHHG� OHDYHV� DFFXPXODWHG� RQO\� ���� RI� WKDW�

�������������������������������������������������
1
 J. M. Pleasants, R. L. Hellmich., and L. C. Lewis.  Pollen deposition on milkweed leaves under natural conditions.  Presentation at the 

Monarch Butterfly Research Symposuim, Chicago, Nov. 1999.  
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FROOHFWHG�IURP�VWLFN\�VOLGHV�DQG�WKDW�D�KHDY\�UDLQIDOO�UHGXFHG�WKH�DPRXQW�
RI�SROOHQ�RQ�OHDYHV�E\�DERXW��������

�
,9�� 3ROOHQ�$FFXPXODWLRQ�RQ�0LONZHHG�/HDYHV�IURP�3ODQWV�ZLWKLQ��P�RI�&RUQ�)LHOG�%RUGHUV��
�

3ROOHQ� GHQVLW\� RQ�PLONZHHG� OHDYHV� ZDV� GHWHUPLQHG� DW� WKUHH� GLVWDQFHV�
IURP�WKH�ILHOG·V�HGJH��/HDI�VDPSOHV�ZHUH�WDNHQ�EHWZHHQ�-XO\���WK�DQG�-XO\�
��WK� IURP� IRXU� ILHOGV� IRU�ZKLFK�SHDN�SROOHQ� VKHG� �ILUVW� �� GD\V�RI� SROOHQ�
VKHG��HQGHG�RQ�HLWKHU� -XO\���WK� RU� -XO\���VW��7HQ� OHDYHV�ZHUH�UDQGRPO\�
VDPSOHG�IURP�PLONZHHG�SODQWV�LQVLGH�WKH�ILUVW�FRUQ�URZ�DQG�IURP�SODQWV�
DW���DQG���P�IURP�WKH�ILHOG�HGJH��Q� �����OHDYHV����(DFK�OHDI�ZDV�SODFHG�
RQ� FDUGERDUG�� FRYHUHG� ZLWK� SODVWLF� ZUDS�� SUHVVHG� DQG� FKLOOHG� XQWLO�
DQDO\VLV�� � 3ROOHQ� ZDV� FRXQWHG� LQ� ��� UDQGRPO\� VHOHFWHG� �FP�� DUHDV���
$OWKRXJK�QR�GLUHFW�FRPSDULVRQV�FDQ�EH�PDGH�EHWZHHQ�FRXQWV�RQ�3HWUL�
SODWHV� YHUVXV� OHDYHV�� WKH� OHDI� FRXQWV� SURYLGHG� DQ� LQGLFDWLRQ� RI� WKH�
SHUVLVWHQFH�RI�SROOHQ�RQ� OHDYHV� IROORZLQJ�SHDN�SROOHQ�VKHG�EXW�SULRU� WR�
WKH�HQG�RI�WKH�SROOHQ�VKHG�SHULRG���$�KHDY\�UDLQIDOO�RFFXUUHG�RQ�-XO\���WK�
DQG� -XO\� ��WK�� WKXV�� WKH� DPRXQWV� RQ� OHDYHV� HVVHQWLDOO\� UHSUHVHQW� �� WR� ��
GD\V�RI�SROOHQ�DFFXPXODWLRQ���
�
�
3ROOHQ�'HQVLW\�RQ�0LONZHHG�/HDYHV�&ROOHFWHG�IURP�WKH�6RXWKHDVW�VLGH�RI�
IRXU�%W�FRUQ�ILHOGV�LQ�2QWDULR�
'LVWDQFH�IURP�%RUGHU�RI�

&RUQ�)LHOG��P��
3ROOHQ�*UDLQV�SHU�FP��

0HDQ�±6(�
�

5DQJH�
���WR���� ���±����� ��������
��WR���� ���±����� ��������
�� ����±����� ������

�

�
7KRXJK�SUHOLPLQDU\��WKHVH�UHVXOWV�LQGLFDWH�WKDW���PHWHU�IURP�WKH�

ILHOG��OHDYHV�ZHUH�KLJKO\�XQOLNHO\�WR�FRQWDLQ�WR[LF�GRVHV�RI�SROOHQ�DQG�WKDW�
QR�OHDYHV�VDPSOHG�IURP�SODQWV�DW���PHWHUV�IURP�WKH�ILHOG�FRQWDLQHG�WR[LF�
GRVHV�RI� SROOHQ�� � �7KHVH�GDWD� VXJJHVW� WKDW� WKH� ULVNV� WR�PRQDUFK� ODUYDH�
PD\�EH�ORZ��DOWKRXJK�D�FORVHU�H[DPLQDWLRQ�RI�SROOHQ�GHSRVLWLRQ�RQ�OHDYHV�
GXULQJ� SHDN�SROOHQ� VKHG�� DQ� DVVHVVPHQW�RI� WKH� LPSRUWDQFH�RI� VXEOHWKDO�
HIIHFWV� RI� %W� SROOHQ� DQG� DQ� DVVHVVPHQW�RI� WKH� LPSRUWDQFH�RI�PLONZHHG�
SODQWV�LQ�ILHOG�PDUJLQV�DUH�QHFHVVDU\�����

�
�
�
�
�
�
�
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7KH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�WKRVH�RI�RWKHU�UHVHDUFKHUV���)RU�
H[DPSOH��'U��*DOHQ�'LYHO\��8QLYHUVLW\�RI�0DU\ODQG��IRXQG�WKDW�ZLWKLQ����
IHHW� IURP� WKH� ILHOG� HGJH� LQVLGH� WKH� ILHOG�� WKH� DYHUDJH� SROOHQ� FRXQW� RQ�
OHDYHV�ZDV����JUDLQV�FP����:LWKLQ����IHHW�RXWVLGH�RI�WKH�ILHOG��OHYHOV�ZHUH�
���JUDLQV��FP���6LPLODU�UHVXOWV�ZHUH�DOVR�REVHUYHG�E\�'U��-RKQ�3OHDVDQWV�
�8QLYHUVLW\� RI� ,RZD�� DQG� 'U�� 5LFKDUG� +HOOPLFK� �86'$�� ,RZD� 6WDWH�
8QLYHUVLW\����

�

�

9�� 3UR[LPLW\�RI�PLONZHHG�WR�&RUQ�)LHOGV�LQ�2QWDULR��
�

,Q�RUGHU�WR�GHWHUPLQH�WKH�QXPEHUV�RI�PLONZHHG�SODQWV�LQ�YDULRXV�
KDELWDWV� DURXQG� FRUQ� ILHOGV�� ZH� UHFRUGHG� WKH� QXPEHUV� RI� SODQWV� DORQJ�
WUDQVHFW� OLQHV� IRU� ��� ILHOGV� LQ� 6RXWKZHVWHUQ�2QWDULR�� �0LONZHHG� SODQWV�
ZHUH�FRXQWHG�DORQJ� IRXU� WUDQVHFWV�SHUSHQGLFXODU�WR�FRUQ�ILHOG�HGJHV�DW�
UDQGRPO\� VHOHFWHG� SRLQWV� SDUDOOHO� WR� WKH� ILHOG� HGJH�� � $� WZR� PHWHU�
PHDVXULQJ�VWLFN�ZDV�FDUULHG�DORQJ�WKH�WUDQVHFW�DQG�SODQWV�IDOOLQJ�ZLWKLQ���
PHWHU�RQ�HLWKHU�VLGH�RI�WKH�WUDQVHFW�OLQH�ZHUH�LQFOXGHG�LQ�WKH�FRXQWV�XS�
WR�D�GLVWDQFH�RI����PHWHUV�� �7KXV�� WKH�WRWDO�DUHD�FRYHUHG�SHU� ILHOG�ZDV�
���P����7HQ�ILHOGV�ZHUH�VDPSOHG�IRU�HDFK�RI�ILYH�KDELWDWV���7KH�QXPEHUV�
RI�PLONZHHG�SODQWV�IRXQG�LQ�ILYH�GLIIHUHQW�KDELWDWV�DUH�GHSLFWHG�EHORZ���
�
�
�
�

� 

 

 

 

 

 

 

�
�

� 1XPEHUV� DUH� DYHUDJHV� IRU� ��� ILHOGV� DQG� UHSUHVHQW� SODQW� FRXQWV� DW� IRXU� �P� ZLGH�
WUDQVHFWV�IRU�HDFK��P�LQWHUYDO��
�

�������������������������������������������������
1
  J. M. Pleasants, R. L. Hellmich., and L. C. Lewis.  Pollen deposition on milkweed leaves under natural conditions.  Presentation at the 

Monarch Butterfly Research Symposuim, Chicago, Nov. 1999.   Dively, G. Deposition of corn pollen on  milkweeds and exposure risk to 
monarch bbutterfly larve in Maryland.  Presentation at the Monarch Butterfly Research Synposium, Chicago, Nov. 1999. 
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7KH� GDWD� LQGLFDWH� WKDW� PHDGRZV�FRQVHUYDWLRQ� DUHDV� FRQWDLQ� KLJKHU�
QXPEHUV� RI� PLONZHHG� SODQWV� WKDQ� RWKHU� KDELWDWV� DV� RQH� PRYHV� DZD\�
IURP� WKH� ILHOG� HGJH�� � 1RW� VKRZQ� DERYH�� KRZHYHU�� DUH� WKH� QXPEHUV�
REVHUYHG�RQ�HLWKHU�VLGH�RI�URDGZD\V���)RU�RXU�GDWD��WKH�DYHUDJH�QXPEHU�
RI�SODQWV�REVHUYHG�ZLWKLQ�WHQ�PHWHUV�RI�URDGZD\V�DGMDFHQW�WR�FRUQ�ILHOGV�
ZDV�����±������7KLV�YDOXH� LV�WKH�DYHUDJH�QXPEHU�RI�SODQWV�REVHUYHG�IRU�
���URDGZD\V�DGMDFHQW�WR�FRUQ�ILHOGV�DQG�UHSUHVHQWV�WKH�VXP�RI�IRXU��P�
ZLGH�WUDQVHFWV�IRU�HDFK�ILYH�PHWHU�LQWHUYDO���%HFDXVH�SODQWV�ZLWKLQ�ILHOGV�
KDUYHVWHG� GXULQJ� WKH� VXPPHU� FDQQRW� EH� LQFOXGHG� DV� VXLWDEOH� KDELWDW��
WKRVH�SODQWV�GLUHFWO\�DGMDFHQW�WR�FRUQ�ILHOGV�DQG�DORQJ�URDGVLGHV�PD\�EH�
LPSRUWDQW� LQ� VXSSRUWLQJ� QRQ�WDUJHW� /HSLGRSWHUDQ� VSHFLHV�� � )XUWKHU�
LQYHVWLJDWLRQ� LV� QHFHVVDU\� WR� GHWHUPLQH� WKH� UHODWLYH� LPSRUWDQFH� RI�
URDGVLGH� KRVW� SODQWV� DQG� ILHOG� PDUJLQV� �VXEMHFW� WR� KHDY\� SROOHQ�
GHSRVLWLRQ�� DQG� FRQVHUYDWLRQ� DUHDV� �ZKLFK� FRQWDLQ� JUHDWHU� QXPEHUV� RI�
SODQWV� DQG� DUH� OHVV� OLNHO\� WR� FROOHFW� SROOHQ�� RQ� WKH� SRSXODWLRQV� RI� QRQ�
WDUJHW�OHSLGRSWHUDQ�VSHFLHV��
�

6RXWKZHVWHUQ�2QWDULR�UHSUHVHQWV�RQO\����RI�WKH�WRWDO�ODQG�DUHD�
RI� 2QWDULR� EXW� PRVW� RI� WKH� FRUQ� LV� JURZQ� LQ� WKLV� UHJLRQ�� ZKLOH� FRUQ�
UHSUHVHQWV�RQO\������RI� WKH� ODQG�XVH� LQ�2QWDULR�� LW� UHSUHVHQWV�����RI�
WKH� ODQG� XVH�RI� 6RXWKZHVWHUQ�2QWDULR1�� � � � 7KH� DUHD� FRYHUHG�E\�PDMRU�
FURSV�LQ�WKLV�UHJLRQ�LV�OLVWHG�EHORZ��

�
$FUHDJH�RI�0DMRU�&URSV�LQ�6RXWKZHVWHUQ�2QWDULR��

&URS� 0LOO��$FUHV�LQ�6:�
2QWDULR�

��RI�DUHD�LQ�6:�2QWDULR�

7RWDO�DUHD� ����� ����
*UDLQ�FRUQ� ����� ���
6R\EHDQV� ����� ���

:KHDW�DQG�*UDLQV� ����� ���
$OIDOID�DQG�+D\� ����� �����
7RWDO�)DUPODQG� ����� ���

�
0XFK� RI� WKH� ODQG� DUHD� LQ� 6RXWKZHVWHUQ� 2QWDULR� LV� FXOWLYDWHG��

WKXV�� WKH�PLONZHHG� SODQWV� IDOOLQJ�ZLWKLQ� WKHVH� KDELWDWV�PD\� FRPSULVH� D�
VLJQLILFDQW�SURSRUWLRQ�RI�WKH�WRWDO�QXPEHU�RI�PLONZHHG�SODQWV��

�
�
9,�� 3KHQRORJ\�RI�0RQDUFKV�GXULQJ�DQG�IROORZLQJ�&RUQ�3ROOHQ�6KHG�
�

0LONZHHG�SODQWV�IRXQG�DORQJ�WUDQVHFWV�WKDW�H[WHQGHG�����PHWHUV�
RXW�IURP�WKH�HGJH�RI�RQH�RI�IRXU�FRUQ�ILHOGV�ZHUH�FDUHIXOO\�H[DPLQHG�IRU�
WKH� SUHVHQFH� RI� PRQDUFK� HJJV� DQG� ODUYDH�� � 7KUHH� W\SHV� RI� KDELWDW�
�VR\EHDQV��ZKHDW�DQG�FORYHU��ZHUH�UHSUHVHQWHG�DQG�VDPSOLQJ�WRRN�SODFH�

�������������������������������������������������
1
 OMAFRA, 1998.  Grain Corn – Area and Production, Ontario by County, 1998.  Agricultural statistics for Ontario.  Http://www. 

gov.on.ca/OMAFRA/English/stats/crops/ 
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DIWHU� WKH� SHDN� SROOHQ� VKHG� SHULRG� EHWZHHQ� -XO\� ��WK� DQG� -XO\� ��WK���
$OWKRXJK�QXPHURXV�GDWD�ZHUH�UHFRUGHG��LQFOXGLQJ�WKH�VL]H�DQG�KHDOWK�RI�
SODQWV��WKH�SUHVHQFH�RI�RWKHU�LQVHFWV�DQG�WKH�GLVWDQFH�DQG�GLUHFWLRQ�IURP�
WKH�FRUQ�ILHOG��RQO\�WKH�SUHVHQFH�DQG�VWDJH�RI�PRQDUFK�ODUYDH�DQG�HJJV�
DUH�SUHVHQWHG���0RQDUFK�EXWWHUIOLHV�ZHUH�REVHUYHG�GXULQJ�DQG�IROORZLQJ�
WKH� SROOHQ� VKHG� SHULRG� EXW� QR� DWWHPSW� ZDV� PDGH� WR� TXDQWLI\� WKH�
QXPEHUV�RI�EXWWHUIOLHV�REVHUYHG��

��
+RVW�3ODQW� 7RWDO�QR��RI�SODQWV�

VDPSOHG�
1R��RI�HJJV�
REVHUYHG�

1R��RI�ODUYDH�
REVHUYHG�

0LONZHHG� ���� ��� ��
�

7KH� FXUUHQW� GDWD� GR� QRW� SURYLGH� HYLGHQFH� IRU� D� VWURQJ� SKHQRORJLFDO�
RYHUODS� EHWZHHQ� ODUYDO� VWDJHV� DQG� SHDN� SROOHQ� VKHG� DW� WKH� ILHOG� VLWHV�
VWXGLHG�� � �$FFRUGLQJ� WR� WKH�2QWDULR�%XWWHUIO\�$WODV1��PRQDUFKV� WHQG� WR�
RFFXU�LQ�WKH�ODWH�ODUYDO�DQG�SXSDO�VWDJHV�DW�WKLV�WLPH�RI�\HDU���+RZHYHU��
ZH�REVHUYHG�DGXOWV�DW�RXU�ILHOG�VLWHV�WKURXJKRXW�-XO\�DQG�HJJV�LQ�ODWH�-XO\�
LQGLFDWLQJ� WKDW� \HDU�WR�\HDU� IOXFWXDWLRQV� DQG� GLIIHUHQFHV� DFURVV� WKH�
SURYLQFH�OLNHO\�RFFXU���$�PRUH�GHWDLOHG�SKHQRORJLFDO�VWXG\�LQFRUSRUDWLQJ�
GLIIHUHQW�KHDW�XQLWV�DFURVV�6RXWKZHVWHUQ�2QWDULR�LV�QHFHVVDU\���
�
��

9,,�� &RQFOXVLRQV���
�

• 7KH�PDMRULW\� RI� WKH�SROOHQ� IHOO�ZLWKLQ� D� IHZ�PHWHUV�RI� WKH� FRUQ�
ILHOG��DSSUR[LPDWHO\�����IDOOV�ZLWKLQ���PHWHUV�����
�
• 2Q� DYHUDJH�� SROOHQ� FRXQWV� RQ� OHDYHV� ZHUH� ORZHU� WKDQ� WKRVH�
NQRZQ�WR�EH�WR[LF�WR�QHRQDWHV�OHVV�WKDQ�RQH�ZHHN�IROORZLQJ�SHDN�SROOHQ�
VKHG��WKRXJK�WKH�UDQJH�RI�YDOXHV�LQFOXGHG�GHQVLWLHV�WKDW�DSSURDFKHG�WKH�
/'���GHWHUPLQHG�LQ�RXU�H[SHULPHQWV����)XUWKHU��RQO\���PHWHUV�IURP�WKH�
ILHOG��SROOHQ�FRXQWV�RQ�PLONZHHG�OHDYHV�ZHUH�FORVH�WR�]HUR��
�
• 0RUH� PLONZHHG� SODQWV� RFFXU� LQ� FRQVHUYDWLRQ� DUHDV� FRPSDUHG�
ZLWK�FXOWLYDWHG�DUHDV�H[FOXGLQJ�URDGVLGHV���7KH�LPSRUWDQFH�RI�PLONZHHG�
SODQWV�DORQJ�URDGVLGHV�DQG�ILHOG�PDUJLQV�UHTXLUHV�IXUWKHU�VWXG\���

�
• 3UHOLPLQDU\� GDWD� GR� QRW� SURYLGH� HYLGHQFH� IRU� D� VWURQJ�
SKHQRORJLFDO� RYHUODS� EHWZHHQ� PRQDUFK� ODUYDO� VWDJHV� DQG� SHDN� SROOHQ�
VKHG�LQ�2QWDULR��������

�
�
�

�������������������������������������������������
1
 Holmes, A. M., Tasker, R. R., Hess, Q. F. and A. J. Hanks. 1991.  The Ontario Butterfly Atlas.  Toronto Entomologists’ Association, 

Toronto Ontario. 
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9,,,�� )XWXUH�UHVHDUFK�*RDOV��
�

%HWZHHQ�-DQXDU\�DQG�$SULO�������SROOHQ�FRXQW�GDWD�FROOHFWLRQ�DQG�
DQDO\VLV�ZLOO�EH�FRPSOHWHG�IRU�WKH�QLQH�ILHOG�VLWHV�VDPSOHG�LQ�WKH�VXPPHU�
RI� ������ � � )URP� WKLV� GDWD� ZH� ZLOO� EH� DEOH� WR� VWDWLVWLFDOO\� HYDOXDWH� WKH�
GLVSHUVDO�SDWWHUQ�RI�FRUQ�SROOHQ�IURP�ILHOGV�LQ�6RXWKZHVWHUQ�2QWDULR�DQG�
FRUUHODWH��WKHVH�SDWWHUQV�ZLWK�ZHDWKHU�GDWD�ZKHUH�SRVVLEOH���'XULQJ�WKH�
VXPPHU�RI�������D�PRUH�GHWDLOHG�DVVHVVPHQW�RI�SROOHQ�GLVSHUVDO�ZLOO�EH�
FRQGXFWHG�DW� IHZHU�VLWHV�WKDW�ZLOO� LQFOXGH�D�GLUHFW�FRPSDULVRQ�EHWZHHQ�
SROOHQ� GHSRVLWLRQ� RQ� PLONZHHG� OHDYHV� FRPSDUHG� ZLWK� WKDW� RQ� VWLFN\�
WUDSV�� � � � � $�PRUH� GHWDLOHG� DVVHVVPHQW� RI� WKH� SRSXODWLRQV�RI�PLONZHHG�
SODQWV� LQ� VXLWDEOH� KDELWDWV� ZLOO� DOVR� EH� PDGH� WR� GHWHUPLQH� WKH� VSDWLDO�
DUUDQJHPHQW� DQG� OLNHOLKRRG� RI� H[SRVXUH� RI�PLONZHHG� SODQWV� WR� SROOHQ���
)LQDOO\�� ZH� ZLOO� FRQGXFW� D� FRPSUHKHQVLYH� SKHQRORJLFDO� VWXG\� WR�
GHWHUPLQH� WKH� RYHUODS� EHWZHHQ� WKH� SUHVHQFH� RI� ODUYDO� LQVWDUV� RI�
PRQDUFKV�DQG�WKH�SROOHQ�VKHG�SHULRG�LQ�2QWDULR�����


