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 Abstract
Developmental timing and female fertility are dependent on a wide vari-
HW\�RI�IDFWRUV���%HIRUH�IHPDOH�ÀLHV�FDQ�DOORFDWH�UHVRXUFHV�WR�UHSURGXFWLRQ��
WKH\�PXVW�DFFRXQW�IRU�WKH�ULVN�EHQH¿W�UDWLR��,W�LV�NQRZQ�WKDW�FKDQJLQJ�SUR-
WHLQ� OHYHOV� LQ�À\� IRRG��DPRQJ�RWKHU�PDQLSXODWLRQV��DIIHFWV� IHPDOH� IHUWLOLW\�
DQG� GHYHORSPHQWDO� WLPLQJ�� +RZHYHU�� WKH� LQÀXHQFH� GXH� WR� RQO\�PDQLSX-
ODWLQJ�\HDVW� OHYHOV� LV�QRW� IXOO\�FKDUDFWHUL]HG��:H�HYDOXDWHG� WKH� LPSDFW�RI�
decreased yeast concentration on the fertility and developmental timing 
in Drosophila melanogaster��:H�DOVR� WHVWHG� LI� WKHUH�ZDV�D�GLIIHUHQFH� LQ�
the effect of yeast concentration on the fertility and developmental timing 
RI�GLIIHUHQWO\�DJHG�ÀLHV��:H� IRXQG� WKDW� WKH�\HDVW�FRQFHQWUDWLRQ�SOD\HG�D�
VLJQL¿FDQW�UROH�LQ�GHFUHDVLQJ�IHPDOH�IHUWLOLW\�DQG�LQFUHDVLQJ�GHYHORSPHQWDO�
WLPLQJ� UHJDUGOHVV� RI� DJH�� WKRXJK� DJH� KDG� D� QHJDWLYH� HIIHFW� RQ� LWV� RZQ�

Introduction
7KH�VWUHQJWK�DQG�VXUYLYDO�RI�DQLPDOV�LV�GHSHQGHQW�RQ�WKHLU�GLHW��7KXV��DOWHU-
LQJ�WKH�GLHW�RI�DQ�DQLPDO�ZLOO�OHDG�WR�YLVLEOH�DV�ZHOO�DV�FHOOXODU�GLIIHUHQFHV�LQ�
DQLPDOV��*UDQJHWHDX�HW�DO���������7KHUH�DUH�PXOWLSOH�ZD\V�WR�WHVW�WKH�HIIHFW�
RI�IRRG�RQ�WKH�KHDOWK�RI�DQ�DQLPDO��2QH�VXFK�PHDVXUH�LV�WKURXJK�IHPDOH�
IHUWLOLW\�DQG�GHYHORSPHQWDO�WLPLQJ��)HUWLOLW\�UHIHUV�WR�WKH�DELOLW\�IRU�WKH�IHPDOH�
WR�SURGXFH�RIIVSULQJ��Developmental timing refers to the timeframe in which 
the offspring reach certain measurable changes During their Development. ,Q�
RUGHU�WR�WHVW�IRU�WKHVH�SDUDPHWHUV��LW�LV�KHOSIXO�WR�FKRRVH�DQ�DQLPDO�ZLWK�D�
VKRUW�OLIHVSDQ�DQG�HDUO\�PDWXULW\��2QH�VXFK�PRGHO�RUJDQLVP�LV�Drosophila 
melanogaster. Drosophila is a common model organism and one that is 
UHODWLYHO\�HDV\� WR� WDNH� FDUH�RI� LQ� WKH� ODE��Drosophila is one of the most 
XVHG�PRGHO�RUJDQLVPV��QRW�RQO\�EHFDXVH�RI� WKH� ORZ�FRVW��VKRUW� OLIHVSDQ��
DQG�ZHOO�GRFXPHQWHG�JHQHWLFV��EXW�DOVR�EHFDXVH�PRVW�RI�WKH�JHQHV�SUHV-
ent in Drosophila� DUH�KRPRORJRXV� WR� WKRVH� LQ�KXPDQV� �7ROZLQVNL�������
7KHUH� DUH� PXOWLSOH� SRVVLELOLWLHV� WKDW� FRXOG� EH� H[SORUHG� ZKHQ� H[SHUL-
menting on the effect of food on Drosophila��EXW� IRU� WKLV�H[SHULPHQW��ZH�
only chose to test the effect of decreased yeast concentrations on fertil-
LW\� DQG� GHYHORSPHQWDO� WLPLQJ��:H� FKRVH� WR� WHVW� \HDVW� EHFDXVH� LW� LV� WKH�
SURWHLQ� VRXUFH� IRU� WKH� ÀLHV�� 3URWHLQV� DUH� NQRZQ� WR� EH� LPSRUWDQW� IRU� GH-
YHORSPHQW�� DQG�SUHYLRXV� VWXGLHV� KDYH� VKRZQ� WKDW� GHFUHDVLQJ� WKH� \HDVW�
FRQFHQWUDWLRQ�HPXODWHV�RYHUFURZGLQJ�DQG�KDV�VLPLODU�HIIHFWV�RQ�WKH�ÀLHV�
GXULQJ� ODUYDO�GHYHORSPHQW��.OHSVDWHO�HW�DO���������2YHUFURZGLQJ� LV�ZKHQ�
WKHUH� DUH� WRR� PDQ\� ÀLHV� SUHVHQW� DQG� VR� WKH� DYDLODELOLW\� RI� QXWULHQWV� LV�
GHSOHWHG�� /DUYDO� FURZGLQJ�KDV�EHHQ�VKRZQ� WR�DIIHFW�PXOWLSOH�DVSHFWV�RI�
À\� GHYHORSPHQW�� LQFOXGLQJ� GHFUHDVHG� ERG\� VL]H�� DQ� H[WHQGHG� OLIH� VSDQ��
ORZHU�IHFXQGLW\��HWF���.OHSVDWHO�HW�DO���������7KXV��GHFUHDVLQJ�\HDVW�FRQ-
FHQWUDWLRQ� ZLOO� OLNHO\� OHDG� WR� VPDOOHU� ÀLHV� DQG� RWKHU� SK\VLFDO� FKDQJHV�
)RRG�DQG�DFFHVV�WR�DGHTXDWH�QXWULHQWV�DUH�DOVR�LPSRUWDQW�DVSHFWV�IRU�PDW-
LQJ��0DWLQJ� LV� QRW� QHFHVVDU\� IRU� VXUYLYDO� EXW� LV� QHFHVVDU\� IRU� UHSURGXF-
WLRQ��WKHUHIRUH�LW�LV�DQ�DFWLRQ�WKDW�FDQ�EH�SXW�RII�LQ�WLPHV�ZKHQ�VXUYLYDO�LV�
QRW�JXDUDQWHHG�RU�ZKHQ�QXWULHQWV�DUH�ORZ��0DWLQJ�KDV�EHHQ�VKRZQ�WR�WDNH�
D� WROO� RQ� IHPDOH� À\�KHDOWK�� DQG� VR� WKH� IHPDOH� ÀLHV�QHHG�KLJK�QXWULWLRQDO�
IRRG� LQ� RUGHU� IRU� WKH� EHQH¿WV� RI�PDWLQJ� WR� RXWZHLJK� WKH� ULVNV� �*RUWHU� HW�
DO���������7KLV�LQGLFDWHV�WKDW�D�GHFUHDVH�LQ�WKH�IRRG�TXDOLW\�ZLOO� OHDG�WR�D�
GHFUHDVH�LQ�WKH�DPRXQW�RI�IHPDOH�PDWLQJ��'HFUHDVHG�PDWLQJ�ZLOO�GLUHFWO\�
LQÀXHQFH� WKH�PHDVXUHG� IHUWLOLW\�RI� WKH� IHPDOH��3URWHLQ� ULFK�HQYLURQPHQWV�
KDYH�EHHQ�VKRZQ�WR� OHDG� WR�KLJKHU� OHYHOV�RI�PDWLQJ�ZKLFK� LV�DVVRFLDWHG�
ZLWK�WKH�OHYHOV�RI�RIIVSULQJ�SURGXFHG��*RUWHU�HW�DO���������,Q�DGGLWLRQ��WKH�
percentage of protein present in the environment affects the development 
RI� ODUYD� �*RUWHU� HW� DO�� ������ *UDQJHWHDX� HW� DO�� ������� 7KHUHIRUH�� WKHUH�
DUH� SUHYLRXV� VWXGLHV� WKDW� VXSSRUW� WHVWLQJ� WKH� HIIHFW� RI� \HDVW� FRQFHQWUD-
WLRQ�RQ�IHPDOH�IHUWLOLW\�DQG�GHYHORSPHQWDO� WLPLQJ��*RRG�DQG�7DWDU��������
)RU�RXU�H[SHULPHQW��ZH�PHDVXUHG�IHPDOH�IHUWLOLW\�E\�WKH�QXPEHU�RI�HJJV�
ODLG�RYHU�D�FHUWDLQ�WLPHIUDPH�DQG�ZH�PHDVXUHG�GHYHORSPHQWDO�WLPLQJ�E\�
FRXQWLQJ�WKH�QXPEHU�RI�ÀLHV�WKDW�HFORVH�RYHU�D�VHULHV�RI�GD\V��(FORVLRQ�LV�
WKH�SURFHVV�ZKHQ�DQ�DGXOW�À\�HPHUJHV� IURP� WKH�SXSDO�FDVLQJ��7KLV� LV�D�

physical change that is easily seen. More information on how fertility and 
GHYHORSPHQWDO� WLPLQJ�ZHUH�PHDVXUHG�ZLOO�EH�SURYLGHG�ODWHU� LQ�WKH�SDSHU�
6LQFH�WKHUH�DUH�FRPPRQ�UHFLSHV�WR�PDNH�IRRG�IRU�Drosophila�NHSW�LQ�WKH�
ODE��ZH�GHFLGHG�WKDW�ZH�ZRXOG�NHHS�WKH�FRQWURO�JURXS�ZLWK�WKH�XVXDO�FRQ-
FHQWUDWLRQ�RI����\HDVW��,Q�RUGHU�WR�FKDQJH�WKH�\HDVW�FRQFHQWUDWLRQ�HQRXJK�
WR�KDYH�DQ�HIIHFW��ZH�KDOYHG�WKH�FRQFHQWUDWLRQ�RI�\HDVW�LQ�WKH�H[SHULPHQWDO�
JURXS�GRZQ�WR����\HDVW��6LQFH�WKH�FRQFHQWUDWLRQ�RI�WKH�FRQWURO�LV�DOUHDG\�
UHODWLYHO\�ORZ��ZH�KRSHG�WKDW�D�FKDQJH�RI����\HDVW�ZRXOG�EH�ODUJH�HQRXJK��
HVSHFLDOO\�VLQFH�ZH�GLG�QRW�ZDQW�WR�UHPRYH�DOO�\HDVW�IURP�WKH�IRRG�VRXUFH��
$V�PHQWLRQHG�EHIRUH��SUHYLRXV� OLWHUDWXUH�VKRZV�D�SUHH[LVWLQJ�FRQQHFWLRQ�
EHWZHHQ� \HDVW� FRQFHQWUDWLRQ� DQG� WKH� KHDOWK� DQG� IHUWLOLW\� RI�Drosophila��
KRZHYHU� IXUWKHU�FKDUDFWHUL]DWLRQ� LV�DOZD\V�QHFHVVDU\��7KHUHIRUH��ZH�K\-
SRWKHVL]H�WKDW�LI�WKH�\HDVW�FRQFHQWUDWLRQ�LQ�WKH�Drosophila�IRRG�VRXUFH�LV�
KDOYHG��WKHQ�WKHUH�ZLOO�EH�D�QHJDWLYH�LPSDFW�RQ�WKH�IHUWLOLW\�DQG�GHYHORSPHQW�
RI�WKH�ÀLHV��7R�WHVW�WKLV�K\SRWKHVLV��ZH�PDQLSXODWHG�ERWK�WKH�\HDVW�FRQFHQ-
WUDWLRQ�DV�ZHOO�DV� WKH� WLPH� IUDPH� LQ�ZKLFK� WKH�ÀLHV�ZHUH�PDWHG��¿YH�GD\�
DQG�WZHQW\�GD\�ROG�IHPDOH�YLUJLQV��RXU�³\RXQJ´�DQG�³ROG´�ÀLHV�UHVSHFWLYHO\��
:H�WHVWHG�ERWK�\RXQJ�DQG�ROG�ÀLHV�WR�VHH�LI�WKH�HIIHFW�RI�\HDVW�VWD\HG�WKH�
VDPH�WKURXJKRXW�WKH�OLIHVSDQ�RU�LI�WKH�HIIHFW�ZDV�FRQIRXQGHG�LQ�ROGHU�ÀLHV�

Methods
Production of Fly Food
7R� PDNH� IRRG� ZLWK� ORZHU� FRQFHQWUDWLRQV� RI� \HDVW�� WKH� IRRG� KDG� WR� EH�
PDGH� IURP� VFUDWFK� DV� IROORZV�� ��� DJDU�� ��� GH[WURVH�� �����P/� ZDWHU��
DQG����FRUQPHDO�ZHUH�FRPELQHG�DQG�KHDWHG�XQWLO�ERLOLQJ��VWLUULQJ�RFFD-
VLRQDOO\��2QFH�KHDWHG� WKH�PL[WXUH�ZDV�GLYLGHG� LQWR�HTXDO�SDUWV�� ,Q�VHSD-
UDWH� EHDNHUV�� WKH� FRQWURO� DQG� H[SHULPHQWDO� IRRG�ZDV� FUHDWHG� E\� DGGLQJ�
��� \HDVW� DQG� ��� \HDVW�� UHVSHFWLYHO\�� WKHQ� ¿OOHG� ZLWK� ZDWHU� WR� GHVLUHG�
YROXPH�DQG�ERLOHG�DJDLQ��7KH�PL[WXUHV�ZHUH�FRROHG�DQG������ WHJRVHSW�
ZDV� DGGHG� LQWR� HDFK�� �� P/� RI� IRRG� ZDV� DOLTXRWHG� LQWR� VHSDUDWH� YLDOV�
IRU� WKH� FRQWURO� DQG� H[SHULPHQWDO� IRRG� JURXSV��7KH� IRRG� IRU� ERWK� WKH� LQ�
ODE�JURXS�DQG�DW�KRPH�H[SHULPHQWV�ZHUH�PDGH�DW� WKH�VDPH� WLPH� LQ� ODE�
ZHHNV�SULRU�WR�VWDUWLQJ�WKH�H[SHULPHQW�DQG�VWRUHG�LQ�WKH�IULGJH�XQWLO�XVHG�
Fly maintenance and handling.
)O\� VWRFNV� RI� JHQRW\SH� &DQWRQ�VSHFLDO� �&6�� ZHUH� SDVVHG� WR� IUHVK�
FRPPHUFLDO� IRRG� DERXW� WZLFH� D� ZHHN� WR� SUHYHQW� PLFURELDO� FRQWDPL-
QDWLRQ� DQG� PDLQWDLQ� IUHVKQHVV�� :KHQ� SDVVLQJ� ÀLHV�� WKH� ROG� YLDO� ZDV�
WDSSHG� RQ� D� IRDP� SDG� VR� WKDW� ÀLHV� IHOO� WR� WKH� ERWWRP� RI� WKH� YLDO�� 7KH�
ROG� YLDO� ZDV� XQFDSSHG�� DQG� WKH� QHZ� YLDO� TXLFNO\� DOLJQHG� RQ� WRS� QRW� DO-
ORZLQJ� DQ\� ÀLHV� WR� HVFDSH�� 7KH� FRQQHFWHG� YLDOV� ZHUH� WKHQ� LQYHUW-
HG�� DQG� WKH� ÀLHV�ZHUH� WKHQ� WDSSHG� GRZQ� LQWR� WKH� QHZ� FXOWXUH� YLDO��7KH�
QHZ� FXOWXUH� YLDO� ZDV� WKHQ� ODEHOHG� ZLWK� WKH� GDWH�� JHQRW\SH�� IRRG� FRQGL-
WLRQ��VWXGHQW� LQLWLDOV��DQG�QXPEHU�RI� WLPHV� WKH�FXOWXUH�KDG�EHHQ�SDVVHG��
)OLHV�LQ�WKH�LQ�SHUVRQ�ODE�ZHUH�VWRUHG�LQ�DQ�LQFXEDWRU�DW����&�DQG�����KXPLG-
LW\�WR�VKRUWHQ�WKH�JHQHUDWLRQ�WLPH��)OLHV�UHDUHG�LQ�WKH�DW�KRPH�ODE�ZHUH�NHSW�DW�
URRP�WHPSHUDWXUH��ZKLFK�ÀXFWXDWHG�WKURXJKRXW�WKH�H[SHULPHQW��7R�DFFRXQW�
IRU�WKHVH�ÀXFWXDWLRQV��WKH�WHPSHUDWXUH�RQ�WKH�KRPH�WKHUPRVWDW�RI�WKH�VWRUDJH�
URRP�IRU�WKH�¿UHV�ZDV�UHFRUGHG�DQG�DYHUDJHG�RYHU�D�SHULRG�RI�WZR�ZHHNV�
Fly anesthetization in-person & at-home
7R�EHVW�VRUW��PRYH��DQG� LGHQWLI\� WKH�VH[�RI�ÀLHV�RYHU� ORQJHU�GXUDWLRQV�RI�
WLPH� WKH� ÀLHV�ZHUH� ¿UVW� DQHVWKHWL]HG��'XH� WR� WKH� YDULDELOLW\� RI� WKH� DYDLO-
DELOLW\� RI� UHVRXUFHV�� WKH� PHWKRGV� RI� DQHVWKHWL]DWLRQ� IRU� WKH� LQ�SHUVRQ�
DQG�DW�KRPH�ODEV�GLIIHUHG�IURP�HDFK�RWKHU�EXW�UHPDLQHG�FRQVLVWHQW�ZLWK-
LQ� HDFK� ORFDWLRQ��7KH� LQ�SHUVRQ� ODE� XVHG� FDUERQ� GLR[LGH� WDQNV� WR� DQHV-
WKHWL]H� ÀLHV�� 7KH� DW�KRPH� ODE� LPPRELOL]HG� ÀLHV� E\� ORZHULQJ� WKHLU� ERG\�
WHPSHUDWXUH� YLD� UHIULJHUDWLRQ�� :KHQ� KDQGOLQJ� DQG� PRYLQJ� DQHVWKH-
WL]HG�ÀLHV��VPDOO�SDLQW�EUXVKHV�ZHUH�XVHG�� WDNLQJ�VSHFLDO�QRWH� WR�KDQGOH�
DOO� ÀLHV� GHOLFDWHO\� DV� QRW� WR� LQMXUH�� VTXLVK�� RU� XQQHFHVVDULO\� MRVWOH� WKHP�
Developmental timing vial set up
7R�WHVW�GHYHORSPHQWDO�WLPLQJ��WZR�PDOHV�DQG�WZR�IHPDOHV�ZHUH�SODFHG�WR-
JHWKHU�LQ�YLDOV�RI�HLWKHU�H[SHULPHQWDO�RU�FRQWURO�IRRG�JURXSV��7KHVH�ÀLHV�ZHUH�
OHIW�WR�PDWH�DQG�OD\�HJJV�IRU�URXJKO\�WZR�GD\V��a���KRXUV���7KH�VDPH�SDU-
HQW�SDLUV�ZHUH�UHPRYHG�IURP�WKH�YLDOV�WR�EH�XVHG�WR�VWDUW�WKH�HJJ�OD\�SDWHV��
7KH�YLDOV�ZHUH�FKHFNHG�HYHU\�IHZ�GD\V�IRU�YLVXDO�FKDQJHV�DQG�GU\QHVV��,I�
WKH�IRRG�LQ�DQ\�RI�WKH�YLDOV�ORRNHG�GU\�RU�EHJDQ�OLIWLQJ�IURP�WKH�VLGHV�RI�WKH�
YLDOV�����GURSV�RI�ZDWHU�ZHUH�DGGHG�WR�PRLVWHQ�WKH�IRRG��5RXJKO\���GD\V�
DIWHU�WKH�VWDUW�RI�WKH�GHYHORSPHQWDO�WLPLQJ�WHVW��YLDOV�ZHUH�FKHFNHG�HYHU\����
KRXUV�IRU�HFORVHG�ÀLHV��(DFK�GD\�DIWHU�HFORVHG�ÀLHV�ZHUH�REVHUYHG��FRXQWV�
ZHUH�WDNHQ�RI�WKH�QXPEHU�RI�HFORVHG�IHPDOH�DQG�PDOH�ÀLHV�LQ�HDFK�YLDO��7KLV�
ZDV�FRQWLQXHG�XQWLO�DOO�ÀLHV�KDG�HFORVHG�DQG�WKHQ�WKH�YLDO�ZDV�GLVFDUGHG�
Egg Lay Plate set up to measure fertility
7R�PHDVXUH�IHUWLOLW\��HJJ�OD\�SODWHV�ZHUH�DVVHPEOHG�WR�HQDEOH�HJJ�FRXQWLQJ�

5HGXFLQJ�\HDVW�FRQFHQWUDWLRQ�LQ�GLHW�RI�
Drosophila melanogaster negatively im-
pacts female fertility
Allison Akins, Jessica Day, Amya Quillin and Rebecca Del-
venthal
/DNH�)RUHVW�&ROOHJH
/DNH�)RUHVW��,OOLQRLV������
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GDWD�WR�EH�FROOHFWHG��*UDSH�DJDU�SODWHV�ZHUH�NHSW�DW���&�XQWLO�a�����PLQ�EH-
IRUH�WKH�SUHSDUDWLRQ�RI�WKH�HJJ�OD\�SODWHV��DQG�DQ\�FRQGHQVDWLRQ�ZDV�ZLSHG�
DZD\�EHIRUH�XVH��*UDQXODWHG�\HDVW��aó�WR�ò�WVS��ZDV�PL[HG�LQ�D�ZHLJKLQJ�
ERDW�ZLWK�D�IHZ�GURSV�RI�ZDWHU�DQG�VSUHDG�LQ�WKH�FHQWHU�RI�WKH�SODWH�WR�DWWUDFW�
females to lay eggs. Parents from developmental timing vials were anes-
WKHWL]HG�DQG�WUDQVIHUUHG�RQWR�WKH�HGJH�RI�WKH�FRUUHVSRQGLQJ�SODWH��DYRLGLQJ�
WKH�\HDVW�SDVWH��7KH�HJJ�OD\�SODWH�ZDV�WKHQ�WRSSHG�ZLWK�D�PDWLQJ�FKDPEHU��
VHFXUHG�ZLWK�WDSH��DQG�LQFXEDWHG�IRU����KRXUV�DW�����&�IRU�LQ�SHUVRQ�ODE��
7KH�DW�KRPH�ODE�PDWLQJ�FDJHV�ZHUH�NHSW� LQ�D�ER[�DW�URRP�WHPSHUDWXUH�
$IWHU�D�GD\��a���KRXUV��WKH�SDUHQWV�ZHUH�GLVFDUGHG�LQ�WKH�À\�PRUJXH��'DWD�
FROOHFWLRQ�RI�WKH�HJJ�OD\�SODWHV�FRQVLVWHG�RI�FRXQWLQJ�WKH�YLVLEOH�HJJV�RQ�
WKH�SODWH��7KLV�ZDV�GRQH�XQGHU�D� OLJKW�PLFURVFRSH� IRU� WKH� LQ�ODE�JURXSV�
DQG�ZLWK�D�FDPHUD�DQG�ÀDVKOLJKW�VHWXS�IRU�WKH�DW�KRPH�H[SHULPHQW��:KLOH�
FRXQWLQJ�HPEU\RV�WKH�HJJ�OD\�SODWHV�ZHUH�PDUNHG�RQ�WKH�UHYHUVH�VLGH�ZLWK�
D�OLQH�WR�VLJQLI\�ZKHUH�FRXQWLQJ�EHJDQ��(JJV�ZHUH�FRXQWHG�XQWLO�UHWXUQLQJ�WR�
WKLV�PDUNHG�OLQH��(DFK�SODWH�ZDV�FRXQWHG�DW�OHDVW�WZLFH�WR�UHWULHYH�DFFXUDWH�
FRXQWV�DQG� WKH�DYHUDJH�RI�HDFK�FRXQW�ZDV�XVHG� IRU� VWDWLVWLFDO� DQDO\VLV�
Statistical analysis of fertility and developmental timing
7R� GHWHUPLQH� VLJQL¿FDQFH� RI� WKH� GDWD�� WZR� SURJUDPV� ZHUH� XVHG�� ,QL-
WLDOO\�� WKH� GDWD� DQDO\VLV� DGG�RQ� LQ� ([FHO� ZDV� LPSOHPHQWHG� WR� SHU-
IRUP� D� WZR�VDPSOH� )�7HVW� IRU� YDULDQFHV�� WKH� FRUUHVSRQGLQJ� WZR�VDP-
SOH� W�WHVW� DVVXPLQJ� HTXDO� RU� XQHTXDO� YDULDQFHV�� DQG� 7ZR�)DFWRU�
$129$V� ZLWK� UHSOLFDWLRQ� IRU� GDWD� VHWV� ZLWK� HTXDO� Q� LQ� HDFK� FRQGL-
WLRQ�� )RU� GD\V� WR� HFORVLRQ�� -DPRYL� ZDV� XVHG� WR� JHQHUDWH� DQ� $129$�
ZLWK� XQHTXDO� VDPSOH� VL]HV� DQG� DQ� HVWLPDWHG� PDUJLQDO� PHDQV� JUDSK�
COVID-19 safety precautions
7R�PDLQWDLQ� VDIH� ZRUNLQJ� HQYLURQPHQWV�� LQ�SHUVRQ� ODE� DQG� DW�KRPH� ODE�
VDIHW\�SUHFDXWLRQV�ZHUH�WDNHQ�WR�SURWHFW�WKH�KHDOWK�DQG�ZHOO�EHLQJ�RI�VWX-
GHQWV�DQG�RWKHU�YDULRXV�LQGLYLGXDOV�LQ�ODEV��0DWHULDOV�XVHG�IRU�WKLV�H[SHU-
LPHQW�ZHUH�GLVFDUGHG�LQ�ELRKD]DUG�EDJV��LQ�SHUVRQ�ODE��RU�VHSDUDWH�WUDVK�
EDJV��DW�KRPH�ODE��:KLOH�LQ�ODE�DQG�KDQGOLQJ�ÀLHV�DQG�PDWHULDOV��VWXGHQWV�
UHIUDLQHG� IURP�WRXFKLQJ� WKHLU� IDFHV�DQG� IUHTXHQW�DQG�SURSHU�KDQG�ZDVK-
LQJ�SURFHGXUHV�ZHUH� IROORZHG�� ,Q�SHUVRQ�VWXGHQWV�ZRUH� IDFH�PDVNV�DQG�
UHPDLQHG� VRFLDOO\� GLVWDQFHG� DV� WR� PDLQWDLQ� &29,'���� VDIHW\� SUDFWLFHV�

Results
Lower yeast concentration in food decreases female fertility
,Q�RUGHU�WR�DVVHVV�ZKHWKHU�WKH�FRQFHQWUDWLRQ�RI�\HDVW�LQ�WKH�IRRG�DIIHFWHG�
IHPDOH�IHUWLOLW\��ZH�¿UVW�QHHGHG�WR�GH¿QH�IHUWLOLW\��)RU�WKLV�VWXG\��IHUWLOLW\�ZDV�
GH¿QHG�DV�WKH�QXPEHU�RI�HJJV� ODLG� LQ�D����KRXU�SHULRG��7R�PHDVXUH�WKH�
QXPEHU�RI�HJJV��JUDSH�MXLFH�DJDU�SODWHV�ZLWK�D�VPDOO�FLUFOH�RI�\HDVW�SDVWH�
LQ�WKH�FHQWHU�ZHUH�DVVHPEOHG��WKHQ�WZR�\RXQJ�PDOH�DQG�WZR�YLUJLQ�IHPDOH�
ÀLHV�ZHUH�DGGHG��DORQJ�ZLWK�D�PDWLQJ�FDJH��:H�SUHGLFWHG�WKDW�WKH�\RXQJ�
YLUJLQ� IHPDOH� ÀLHV� ��� GD\V� ROG�� LQ� WKH� ��� \HDVW� FRQGLWLRQ�ZRXOG� EH� WKH�
PRVW� IHUWLOH�EDVHG�RQ�SUHYLRXV� OLWHUDWXUH�� ,QLWLDOO\��ZH�FRXQWHG�HJJV� IURP�
WKH����\HDVW�H[SHULPHQWDO�DQG����\HDVW�FRQWURO�IRRG�W\SHV�XVLQJ�\RXQJ�
YLUJLQ� IHPDOHV�� 7KH� DYHUDJH� QXPEHU� RI� HJJV� ODLG� E\� \RXQJ� IHPDOHV� RQ�
���\HDVW�ZDV�������HJJV��Q� ������ZKLOH�WKH�DYHUDJH�IRU����\HDVW�ZDV�
VLJQL¿FDQWO\�ORZHU�DW�����HJJV��Q� ������W����� �������S� ��������)LJXUH�����
,W� ZDV� DOVR� LPSRUWDQW� WR� H[DPLQH� IHUWLOLW\� LQ� DJHG� YLUJLQ� IHPDOH� ÀLHV� ����
GD\V�ROG���:H�XVHG�WKH�VDPH�DSSDUDWXV�DQG�FRXQWHG�WKH�HJJV����KRXUV�
DIWHU�VHW�XS��7KH�DYHUDJH�QXPEHU�RI�HJJV�LQ�WKH����\HDVW�FRQGLWLRQ��Q� �
����ZDV�������HJJV��ZKLOH�WKH����\HDVW��Q� �����ZDV�VLPLODU�WR�WKH�\RXQJ�
FRQGLWLRQ�ZLWK�����HJJV��)LJXUH�����7KHVH�UHVXOWV�LQGLFDWH�VLJQL¿FDQWO\�ORZ-
HU� IHUWLOLW\� LQ� WKH�DJHG�IHPDOHV�RQ����\HDVW� IRRG�� W����� �������S� ������
%HFDXVH� WKH�DYHUDJHV� IRU�HJJV� ODLG� LQ� WKH����\HDVW�FRQGLWLRQ�E\�\RXQJ�
DQG� DJHG� IHPDOHV� ZDV� TXDOLWDWLYHO\� GLIIHUHQW� E\� DERXW� ��� HJJV�� ZH� GLG�
D� WZR�IDFWRU�$129$� ZLWK� UHSOLFDWLRQ� WR� H[DPLQH� ZKHWKHU� DJH� DQG� IRRG�
FRQGLWLRQ�DUH�MRLQWO\�LQÀXHQFLQJ�IHUWLOLW\��7DEOH�����:H�IRXQG�WKDW�WKH�$12-
9$�VXSSRUWHG� WKH�SUHYLRXV� UHVXOW� WKDW� WKHUH�ZHUH� VLJQL¿FDQWO\� OHVV� HJJV�
ODLG� LQ� WKH����\HDVW�FRQGLWLRQ� �)�������� ��������S������������+RZHYHU��
DQ\� HIIHFWV� GXH� WR� DJH�ZHUH� QRW� VLJQL¿FDQW� �)���� ����  � ������ S�  � �������
DQG� WKHUH� ZDV� QRW� D� VWURQJ� VLJQL¿FDQW� LQWHUDFWLRQ� EHWZHHQ� DJH� DQG�
IRRG� W\SH� �)�������� �������S� ��������7KXV�� WKHVH� UHVXOWV�VXJJHVW�D� UH-
ODWLRQVKLS�EHWZHHQ� WKH�FRQFHQWUDWLRQ�RI�\HDVW� LQ�GLHW�DQG� IHPDOH� IHUWLOLW\�

Figure 1.�)HUWLOLW\�RI�\RXQJ�DQG�ROG�IHPDOHV�GHFUHDVHV�VLJQL¿FDQWO\�LQ�WKH����
\HDVW�FRQGLWLRQ��RUDQJH��FRPSDUHG�WR�WKH����\HDVW�FRQWURO��EOXH���)HUWLOLW\�
ZDV�PHDVXUHG�E\�WKH�QXPEHU�RI�HJJV�ODLG�RYHU����KRXUV�E\�YLUJLQ�IHPDOHV�RI�
WZR�DJHV����GD\�DQG����GD\��1� ����IRU�HDFK�GLHW�DQG�DJH���S���������S��������

Table 1.� 7\SH� RI� IRRG� VLJQL¿FDQWO\� GHFUHDVHV� IHUWLOLW\� RI� \RXQJ� DQG� ROG�
IHPDOH� ÀLHV�� $� WZR�IDFWRU� $129$� ZLWK� UHSOLFDWLRQ� ZDV� UXQ� WR� H[DPLQH�
ZKHWKHU�DJH�DQG� IRRG�KDYH�DQ\� LQWHUDFWLRQ��7KH����\HDVW�FRQGLWLRQ� UH-
VXOWHG� LQ� VLJQL¿FDQWO\� ORZHU� IHUWLOLW\� �S���� ���������ZKLOH� IHUWLOLW\� EDVHG�RQ�
DJH�ZDV�QRW� VLJQL¿FDQWO\� LPSDFWHG� �S�  � �������7KHUH� LV� D� VOLJKW� LQWHUDF-
WLRQ�EHWZHHQ�DJH�DQG�IRRG�W\SH��EXW�WKLV�ZDV�QRW�VLJQL¿FDQW��S� ��������

Developmental timing differs with decreased yeast concentration
$IWHU�GHWHUPLQLQJ� WKDW� UHGXFLQJ� WKH�FRQFHQWUDWLRQ�RI�\HDVW� LQ� IHPDOH�GLHW�
DIIHFWV� IHUWLOLW\�� ZH� LQYHVWLJDWHG� ZKHWKHU� WKHUH� ZHUH� DQ\� GHYHORSPHQWDO�
WLPLQJ�GLIIHUHQFHV�FDXVHG�E\�WKH�GLIIHUHQW�GLHWV��7R�EHJLQ��ZH�SODFHG�WZR�
\RXQJ�PDOH�DQG�WZR�\RXQJ�YLUJLQ�IHPDOH�ÀLHV�WRJHWKHU�LQ�D�GHYHORSPHQ-
WDO� WLPLQJ� �'7�� YLDO� IRU� ��� KRXUV�� DIWHU�ZKLFK� WKH\�ZHUH� UHPRYHG��2QFH�
ÀLHV�EHJDQ�WR�HFORVH�LQ�WKH�'7�YLDOV��ZH�UHFRUGHG�WKH�QXPEHU�RI�ÀLHV�WKDW�
HFORVHG�HYHU\����KRXUV�DQG� WKH�QXPEHU�RI�GD\V� WR�HFORVLRQ��)RU�\RXQJ�
IHPDOH�ÀLHV� LQ����\HDVW�� WKH�DYHUDJH� WLPH� WR�HFORVLRQ� IRU� WKHLU�SURJHQ\�
ZDV�������GD\V��Q� ������ZKLOH� WKH����\HDVW�SURJHQ\�ZDV������GD\V��Q�
 � ��� �)LJXUH� �$��� 7KLV� ZDV� UHSHDWHG� LQ� ���GD\� ROG� IHPDOHV�ZLWK� VLPLODU�
UHVXOWV�RI�WKH����\HDVW�FRQGLWLRQ�DYHUDJLQJ�������GD\V��Q� �����DQG�WKH�
���\HDVW�DYHUDJLQJ�������GD\V� �Q� ���� �)LJXUH��%���4XDOLWDWLYHO\�H[DP-
LQLQJ�WKLV�GDWD��WKH�SURJHQ\�IURP�IHPDOHV�RQ����\HDVW�IRRG�KDG�GHOD\HG�
GHYHORSPHQWDO�WLPLQJ�E\�DERXW�RQH�GD\��7KLV�ZDV�GHWHUPLQHG�WR�EH�WUXH�IRU�
WKH�DJHG�FRQGLWLRQ�E\�D�WZR�VDPSOH�W�WHVW�DVVXPLQJ�HTXDO�YDULDQFHV�WKDW�
LQGLFDWHG�D�VLJQL¿FDQW�LQFUHDVH�LQ�WLPH�WR�HFORVLRQ�LQ�WKH����\HDVW�FRQGLWLRQ�
�W����� ��������S�����������)RU�WKH�\RXQJ�IHPDOH�FRQGLWLRQ��ZH�LPSOHPHQW-
HG�D� W�WHVW�DVVXPLQJ�XQHTXDO� YDULDQFHV�GXH� WR� VLJQL¿FDQFH� LQ�DQ�)�WHVW�
WZR�VDPSOH�IRU�YDULDQFH��)������� �������S� ��������7KH�W�WHVW�UHYHDOHG�WKDW�
WKHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH� LQ� WLPH� WR�HFORVLRQ�EHWZHHQ�GLHWV� IRU�
\RXQJ�IHPDOHV��W���� ��������S� ��������GHVSLWH�WKH�TXDOLWDWLYH�GLIIHUHQFH��
:H�DJDLQ� WHVWHG� IRU�DQ\� LQWHUDFWLRQ�EHWZHHQ�DJH�DQG�GLHW� WKDW�PLJKW�DI-
IHFW� WLPH�WR�HFORVLRQ�XVLQJ�DQ�$129$��)RU� WKLV� WHVW�� LW�ZDV�QHFHVVDU\� WR�
XVH�D�GLIIHUHQW�SURJUDP��-DPRYL��EHFDXVH�ZH�KDG�DQ�XQHTXDO�Q�IRU�HDFK�
FRQGLWLRQ�� ,Q� WKH� '7� H[SHULPHQWV�� WKHUH� ZHUH� PXOWLSOH� YLDOV� LQ� WKH� ���
IRRG�FRQGLWLRQ� WKDW�KDG�QR�ÀLHV�HFORVH�DQG� WKXV�QHHGHG� WR�EH�H[FOXGHG�
IURP� WKLV� VSHFL¿F� GDWD� VHW�� 7KH�$129$� UHYHDOHG� VLPLODU� UHVXOWV� WR� WKH�
LQGLYLGXDO� W�WHVWV�� LQ� WKDW� WKH� ORZHU� FRQFHQWUDWLRQ� RI� \HDVW� VLJQL¿FDQWO\�
LQFUHDVHG� WKH� WLPH� WR�HFORVLRQ�RI�ÀLHV�� �)�������� ��������S�����������DV�
VHHQ�E\�WKH�KLJKHU�RUDQJH�OLQH� LQ�)LJXUH����+RZHYHU�� WKHUH�ZHUH�QR�VLJ-
QL¿FDQW�GLIIHUHQFHV�DV�D�UHVXOW�RI�DJH��)�������� �������S� ��������RU�GXH�
WR�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�WZR�YDULDEOHV��)�������� �������S� ��������
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Figure 2.�)OLHV�RQ� WKH����\HDVW� IRRG� WRRN� ORQJHU� WR�GHYHORS� WKDQ� WKRVH�
RQ����\HDVW� IRRG��7KH�QXPEHU�RI�QHZO\�HFORVHG�ÀLHV� LQ�HDFK�YLDO�ZHUH�
FRXQWHG�HYHU\����KRXUV�XQWLO�ÀLHV�VWRSSHG�HFORVLQJ��A��)OLHV�HFORVLQJ�IURP�
WKH�\RXQJ�����\HDVW�FRQGLWLRQ��EOXH��DYHUDJHG������GD\V�WR�HFORVLRQ�ZKLOH�
WKH�\RXQJ�����\HDVW�FRQGLWLRQ��RUDQJH��WRRN�ORQJHU�WR�HFORVH��DYHUDJLQJ�
�����GD\V��EXW�WKLV�ZDV�QRW�VLJQL¿FDQW��S� �������<RXQJ����1� ����<RXQJ�
���1� ����B��,Q�WKH�ROG�����\HDVW�FRQGLWLRQ��EOXH���ÀLHV�HFORVHG�DIWHU�������
GD\V��ZKLOH�WKH�ROG�����\HDVW�FRQGLWLRQ��RUDQJH��WKH\�DYHUDJHG������GD\V�
WR�HFORVLRQ��VLJQL¿FDQWO\�ORQJHU��S����������2OG����1 �����2OG����1� ���

Figure 3.�)OLHV� WRRN�VLJQL¿FDQWO\� ORQJHU� WR�HFORVH�RQ� WKH����\HDVW� IRRG�
WKDQ� WKH� ��� \HDVW��$� WZR�IDFWRU�$129$�ZDV� UXQ� LQ� -DPRYL� GXH� WR� GLI-
IHUHQW�1� LQ� FRQGLWLRQV� �<RXQJ����1� ����<RXQJ����1� ����2OG����1 �
���� 2OG� ��� 1�  � ��� DQG� DQ� HVWLPDWHG� PDUJLQDO� PHDQV� ZDV� JHQHUDWHG��
7KH� H[SHULPHQWDO� ��� \HDVW� FRQGLWLRQ� LV� LQ� RUDQJH�ZKLOH� WKH� FRQWURO� ���
\HDVW� LV� LQ� EOXH�� 7KH� IRRG� VLJQL¿FDQWO\� LQÀXHQFHG� WKH� WLPH� WR� HFORVLRQ�
�S� �� �������� EXW� DJH� GLG� QRW� KDYH� D� VLJQL¿FDQW� HIIHFW� �S�  � ������� DQG�
WKHUH�ZDV� QR� VLJQL¿FDQW� LQWHUDFWLRQ� EHWZHHQ� IRRG� DQG� DJH� �S�  � �������

5HGXFHG�IHUWLOLW\�UHVXOWV�LQ�D�VPDOOHU�WRWDO�QXPEHU�RI�HFORVHG�ÀLHV
7KH�SUHYLRXV�H[SHULPHQW�QRW�RQO\�SURYLGHG� LQIRUPDWLRQ�DERXW�GLIIHUHQWLDO�
GHYHORSPHQWDO� WLPLQJ��EXW�DOVR�JDYH� WKH� WRWDO�QXPEHU�RI�ÀLHV�HFORVHG� LQ�
HDFK�FRQGLWLRQ��7KLV�GDWD�FDQ�DOVR�EH�XVHG�DV�D�TXDOLWDWLYH�PHDVXUH�RI�
IHUWLOLW\�� DV� LW� FDQ�EH�DVVXPHG� WKDW�ZKHQ�PRUH�HJJV�DUH� ODLG��PRUH� ÀLHV�
ZLOO� HFORVH�� 7KHUHIRUH�� ZH� H[SHFWHG� WR� VHH� WKH� PRVW� ÀLHV� HFORVHG� LQ�
WKH� YLDOV�ZKHUH� \RXQJ� IHPDOHV� RQ����\HDVW� ODLG� HJJV�� DQG� WKH� OHDVW� LQ�
WKH� DJHG� IHPDOHV� RQ� ��� \HDVW� YLDOV�� ,Q� WKH� \RXQJ� FRQGLWLRQ�� WKH� DYHU-
DJH�ÀLHV�HFORVHG�DFURVV�WKH�WHQ�'7�YLDOV�ZDV������ÀLHV� LQ� WKH����\HDVW�
DQG� ���� ÀLHV� LQ� WKH� ��� \HDVW� FRQGLWLRQ�� 7KH� DYHUDJH� QXPEHU� RI� ÀLHV�
HFORVHG� LQ� WKH�DJHG�IHPDOHV�ZHUH����ÀLHV� IRU����\HDVW�DQG�����ÀLHV� IRU�
���\HDVW� �)LJXUH�����:H�QH[W� UDQ� WZR� W�WHVWV� WR�HYDOXDWH�ZKHWKHU� ORZHU�
\HDVW� FRQFHQWUDWLRQ� VLJQL¿FDQWO\� GHFUHDVHG� WKH� WRWDO� QXPEHU� RI� HFORVHG�
ÀLHV��DQG�ZH�IRXQG�WKLV�WR�EH�VXSSRUWHG��,Q�ERWK�WKH�\RXQJ�DQG�DJHG�IH-
PDOHV�� WKHUH�ZDV� D� VLJQL¿FDQW� GHFUHDVH� LQ� WKH� WRWDO� QXPEHU� RI� HFORVHG�
ÀLHV� �W�����  � ������ S� �� ������ DQG� W�����  � ������ S� �� ������ UHVSHFWLYHO\���
:H�QH[W�DVNHG� WKH�TXHVWLRQ�RI�ZKHWKHU� WKH�DJH�RI� WKH� IHPDOH� ÀLHV�KDG�
DQ\� LPSDFW� RQ� WKH� WRWDO� QXPEHU� RI� HFORVHG� ÀLHV�� 7KURXJK� D� WZR�IDF-
WRU�$129$�ZLWK� UHSOLFDWLRQ� �7DEOH� ����ZH� GHWHUPLQHG� WKDW� ERWK� DJH� DQG�
\HDVW� FRQFHQWUDWLRQ� VLJQL¿FDQWO\� GHFUHDVHG� WKH� QXPEHU� RI� HFORVHG� ÀLHV�
DFURVV�WKH�'7�YLDOV��)�������� ��������S���������DQG�)�������� ��������S���
��������UHVSHFWLYHO\���:KLOH�ERWK�YDULDEOHV�UHVXOWHG�LQ�VLJQL¿FDQW�FKDQJHV�
WR� WKH� QXPEHU� RI� ÀLHV�� WKHUH�ZDV� QR� VLJQL¿FDQW� LQWHUDFWLRQ� EHWZHHQ� WKH�
WZR��)�������� �������S� ��������7KXV�� WKHVH�GDWD�VXJJHVW� WKDW�ERWK�DJH�
and yeast concentration have an independent effect on female fertility.

Figure 4.�)HPDOH�ÀLHV�RQ����\HDVW�IRRG�SURGXFHG�JUHDWHU�QXPEHU�RI�ÀLHV�
WKDQ� WKH����\HDVW�ÀLHV��7ZR�PDOH�DQG� WZR�YLUJLQ� IHPDOH�ÀLHV�PDWHG� IRU�
���KRXUV�� WKHQ�WKH�QXPEHU�RI�HFORVHG�ÀLHV�ZHUH�FRXQWHG�HDFK�GD\��6LJ-
QL¿FDQWO\� OHVV� ÀLHV�HFORVHG� LQ� WKH����\HDVW� FRQGLWLRQ� LQ�ERWK� WKH� \RXQJ�
DQG�ROG�FRQGLWLRQV��S����������1� ����IRU�HDFK�DJH�DQG�IRRG�FRQGLWLRQ�

Table 2. 7RWDO�QXPEHU�RI�HFORVHG�ÀLHV�ZDV�GHFUHDVHG�VLJQL¿FDQWO\�E\�ROG�DJH�
DQG����\HDVW�IRRG�W\SH��$�WZR�IDFWRU�$129$�ZLWK�UHSOLFDWLRQ�ZDV�JHQHUDW-
HG�ZLWK�WKH�QXPEHU�RI�HFORVHG�ÀLHV�GDWD��1� ���IRU�DOO�FRQGLWLRQV���7KLV�WHVW�
VKRZHG�VLJQL¿FDQW�UHGXFWLRQ�LQ�WRWDO�ÀLHV�DFURVV�WKH�\RXQJ�DQG�ROG�YDULDEOH�
�S�����������DV�ZHOO�DV�DFURVV�WKH����\HDVW�DQG����\HDVW�IRRG�FRQGLWLRQV��S�
������������7KH�LQWHUDFWLRQ�EHWZHHQ�YDULDEOHV�ZDV�QRW�VLJQL¿FDQW��S� �������

Results from at-home lab experiments
No correlation between decreased yeast concentration and female fertility
7KH� VDPH�H[SHULPHQWV� GHVFULEHG� DERYH�ZHUH� SHUIRUPHG� RXWVLGH� RI� WKH�
ODERUDWRU\�� )LJXUH� �� VKRZV� WKH�PHDVXUHG� IHUWLOLW\� RI� \RXQJ�DQG� LQWHUPH-
GLDWH�DJHG�ÀLHV�FXOWXUHG�RXWVLGH�RI�WKH�ODE��)LYH�GD\�ROG�ÀLHV�RQ����IRRG�
FRQGLWLRQV�DYHUDJHG�����HJJV�ZKLOH�ÀLHV�RQ�WKH�FRQWURO����\HDVW�FRQGLWLRQV�
DYHUDJHG������HJJV��$Q�)�WHVW�SHUIRUPHG�WR�DFFRXQW�IRU�YDULDQFHV��)���� �
�����S� �������SURPSWHG�WKH�XVH�RI�D�W�WHVW�DVVXPLQJ�HTXDO�YDULDQFHV�WKDW�
VKRZHG�QR� VLJQL¿FDQW� GLIIHUHQFH� EHWZHHQ� IRRG� FRQGLWLRQV� LQ� \RXQJ� ÀLHV�
�W���� ��������S� ���������,QWHUPHGLDWH�ÀLHV�FXOWXUHG�RQ����\HDVW�IRRG�FRQGL-
WLRQV�DYHUDJHG�SURGXFWLRQ�RI�����HJJV��7KH�FRQWURO����\HDVW�FRQGLWLRQV�RI�
LQWHUPHGLDWH����GD\�ROG�ÀLHV�SURGXFHG�DQ�DYHUDJH�RI����HJJV��7R�FDOFXODWH�
YDULDQFHV��DQ�)�WHVW�ZDV�HPSOR\HG��)���� �������S� ���������IURP�ZKLFK�D�
W�WHVW�DVVXPLQJ�HTXDO�YDULDQFHV�LQGLFDWHG�QR�VLJQL¿FDQW�GLIIHUHQFH�RI�WKH�
QXPEHU� RI� HJJV� ODLG� RQ�HLWKHU� IRRG� FRQGLWLRQV� �W����  � ������� S� � �������
7KHUH�ZDV� D� TXDOLWDWLYH� GLIIHUHQFH� EHWZHHQ� WKH� \RXQJ�DQG� LQWHUPHGLDWH�
IHPDOH�IHUWLOLW\�RQ�GLIIHUHQW�IRRG�FRQGLWLRQV��VR�D�WZR�IDFWRU�$129$�ZDV�SHU-
IRUPHG�RQ�WKH�GDWD�WR�WHVW�VLJQL¿FDQFH��7DEOH�����7KH�UHVXOWV�RI�WKLV�DQDO\VLV�
VXJJHVWHG�WKHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ�WKH�QXPEHU�RI�HJJV�ODLG�
E\� IHPDOHV� RQ� WKH� H[SHULPHQWDO� IRRG� �)������  � ������� S�  � ������� 7KHUH�
ZDV�DOVR�QR�VLJQL¿FDQW�GLIIHUHQFH�GXH�WR�DJH��)������� �������S� ��������
RU�GXH�WR�DQ�LQWHUDFWLRQ�EHWZHHQ�DJH�DQG�IRRG��)������� �������S� ��������

Figure 5.�)HUWLOLW\�RI�\RXQJ��DJHG���GD\V��DQG�LQWHUPHGLDWH�DJHG�ÀLHV�����
GD\V��PHDVXUHG�E\�WKH�QXPEHU�RI�HJJV�ODLG�RYHU�D����KRXU�SHULRG��)HUWLO-
LW\�RI� LQWHUPHGLDWH�IHPDOHV�VKRZV�DQ�LQFUHDVH�LQ�IHUWLOLW\� LQ�WKH����\HDVW�
FRQFHQWUDWLRQ��\HOORZ��FRPSDUHG�WR�WKH����\HDVW�FRQWURO��EOXH���$Q�RYHUDOO�
LQFUHDVH� LQ� IHUWLOLW\� RI� LQWHUPHGLDWH� IHPDOHV� FRPSDUHG� WR� \RXQJ� ÀLHV� H[-
LVWV���+RZHYHU��GXH�WR�HUURU�WKHVH�GLIIHUHQFHV�DUH�VWDWLVWLFDOO\�LQVLJQL¿FDQW�
�S ������S ������1R�REVHUYHG�GLIIHUHQFHV�\HDVW�FRQGLWLRQV�LQ�\RXQJ�ÀLHV�

Table 3. Food type and age showed no statistical difference in fertil-
LW\� RI� \RXQJ� QRU� LQWHUPHGLDWH� ÀLHV�� $� WZR� IDFWRU� $129$� ZLWK� UHSOLFD-
WLRQ� UHYHDOHG� QR� VLJQL¿FDQW� FKDQJH� LQ� IHUWLOLW\� GXH� WR� DJH� �S�  � ��������
IRRG� W\SH� �S� ���������RU� LQWHUDFWLRQ�EHWZHHQ�DJH�DQG� IRRG� �S� ��������
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No differential developmental timing of altered yeast concentration
7R�IXUWKHU�DQDO\]H�WKH�GDWD�IRU�WKH�GHYHORSPHQWDO�WLPLQJ��WKH�WLPLQJ�RI�ZKHQ�
PRVW� ÀLHV�HFORVHG�QHHGHG� WR�EH�DGGUHVVHG��)LJXUH��$�DQG��%�GLVSOD\V�
WKH�QXPEHU�RI�HFORVHG�ÀLHV�IURP�SDUHQWV�FXOWXUHG�RQ�FRQWURO����\HDVW�DQG�
H[SHULPHQWDO� ��� \HDVW�� DV�ZHOO� DV� WKH� WLPH� WR� HFORVLRQ��<RXQJ� ÀLHV� RQ�
ERWK�IRRG�FRQGLWLRQV�DYHUDJHG�������GD\V�WR�HFORVLRQ�ZKLOH�LQWHUPHGLDWH�
DJHG�ÀLHV�DYHUDJHG�������GD\V�WR�HFORVLRQ��7KHUH�ZDV�QR�VLJQL¿FDQW�GLI-
IHUHQFH�LQ�WLPHV�WR�HFORVLRQ�EHWZHHQ�HLWKHU�IRRG�FRQGLWLRQV�DV�DOO�S�YDOXHV�
ZHUH�DERYH�WKH�VWDQGDUG����WKUHVKROG��S�!�������RI�VLJQL¿FDQW�GLIIHUHQFH�

Figure 6.�0DSSHG� LV� WKH�QXPEHU�RI�QHZO\�HFORVHG�ÀLHV�FRXQWHG� LQ�HDFK�
YLDO�HYHU\����KRXUV�XQWLO�ÀLHV�VWRSSHG�HFORVLQJ��$��'HYHORSPHQWDO�WLPLQJ�RI�
\RXQJ�¿YH�GD\�ROG�ÀLHV��)OLHV�RQ�ERWK�IRRG�FRQGLWLRQV�KDG�VLPLODU�WLPHV�WR�
HFORVLRQ��7KH�QXPEHU�RI�HFORVHG�ÀLHV�HDFK�GD\�ZDV�QRW�VLJQL¿FDQWO\�GLIIHU-
HQW�EHWZHHQ�WKH�IRRG�FRQGLWLRQV��%��,QWHUPHGLDWHO\�DJHG�ÀLHV�����GD\�ROG��RQ�
���\HDVW�FRQGLWLRQV�KDG�D�KLJKHU�DYHUDJH�RI�RYHUDOO�ÀLHV�HFORVH��7KHUH�LV�QR�
VLJQL¿FDQW�GLIIHUHQFH�LQ�WKH�QXPEHU�RI�ÀLHV�HFORVHG�EHWZHHQ�IRRG�FRQGLWLRQV�
)HPDOH�IHUWLOLW\�E\�WRWDO�QXPEHU�RI�HFORVHG�ÀLHV�DW�KRPH
,Q� H[WHQGLQJ� WKH� UHVXOWV� VKRZQ� LQ� ¿JXUH� ��� WKH� WRWDO� QXPEHU� RI� HFORVHG�
ÀLHV� ZDV� DOVR� XVHG� DV� D� PHDVXUH� RI� IHUWLOLW\� �)LJXUH� ���� 7KH� DYHUDJH�
QXPEHU�RI�HFORVHG�\RXQJ�ÀLHV�ZDV���� LQ�FRQWUROOHG����\HDVW� IRRG�FRQ-
GLWLRQ��7KH� DYHUDJH� HFORVHG� \RXQJ� ÀLHV� RQ� H[SHULPHQWDO� ��� \HDVW�ZDV�
����$V� IRU� WKH� LQWHUPHGLDWHO\�DJHG�ÀLHV�� WKH�DYHUDJH�QXPEHU�RI�HFORVHG�
ÀLHV�ZDV������XQGHU�WKH�FRQWUROOHG����IRRG�FRQGLWLRQ��ZKLOH�WKH�DYHUDJH�
RI�HFORVHG�ÀLHV� IRU� WKH�H[SHULPHQWDO� ���\HDVW�ZDV�����$Q\�SRVVLEOH� LQ-
WHUDFWLRQ�RI�WKHVH�UHVXOWV�KDG�QR�VWDWLVWLFDO�GLIIHUHQFH�RQ�DFFRXQW�RI�HUURU�
DQG�YDULDQFH��1HLWKHU�DJH��)������� ������S� ��������QRU�IRRG�W\SH��)����
��� �������S� �������ZHUH�VWDWLVWLFDOO\�GLIIHUHQW��DQG� WKHUH�ZDV�QR�VLJQL¿-
FDQW�LQWHUDFWLRQ�EHWZHHQ�DJH�DQG�IRRG�DV�ZHOO��)������� ��������S� �������

Figure 7.� &RPSDULVRQ� RI� WKH� WRWDO� QXPEHU� RI� HFORVHG� ÀLHV� RI� \RXQJ�
DQG� LQWHUPHGLDWH� DJHG� ÀLHV�� 9DOXHV� RI� HFORVHG� ÀLHV� FRPSDULQJ� \RXQJ�
DQG� LQWHUPHGLDWH� ÀLHV� LPSOLHV� D� GHFUHDVH� LQ� IHUWLOLW\� ZLWK� DJLQJ�� +RZ-
HYHU�� WKH� ODUJH� HUURU� LQGLFDWHV� WKHUH� LV� QRW� UHDO� VLJQL¿FDQW� GLIIHU-
HQFH�� 1R� VLJQL¿FDQW� GLIIHUHQFH� EHWZHHQ� WKH� FRQWURO� DQG� H[SHULPHQ-
WDO� \HDVW� FRQGLFWLRQHV� ZLWKLQ� WKH� \RXQJ� QRU� WKH� LQWHUPHGLDWH� JURXSV�

Discussion
%DVHG�RQ�RXU�UHVXOWV��LW�LV�HYLGHQW�WKDW�WKH�FRQFHQWUDWLRQ�RI�\HDVW�LQ�D�IHPDOH�
À\¶V�GLHW�GLUHFWO\�LQÀXHQFHV�WKH�PHDVXUHG�IHUWLOLW\��:H�IRXQG�WKDW�ZLWK�ORZHU�
FRQFHQWUDWLRQV�RI�\HDVW��\RXQJ�IHPDOH�ÀLHV�ODLG�IHZHU�HJJV�DQG�SURGXFHG�
OHVV�SURJHQ\�WKDQ�WKRVH�LQ�WKH�KLJKHU�FRQWURO�FRQFHQWUDWLRQ��7KH�VDPH�UHVXOW�
ZDV�REVHUYHG�LQ�WKH�ROG�IHPDOH�ÀLHV��7KLV�LQGLFDWHV�WKDW�ÀLHV�WKDW�ZHUH�SODFHG�
RQ�WKH����\HDVW�IRRG�KDG�UHGXFHG�IHUWLOLW\�FRPSDUHG�WR�WKRVH�RQ�WKH�FRQWURO�
4% yeast food. The type of food also negatively impacted the developmen-
WDO�WLPLQJ�RI�SURJHQ\��DV�HJJV�ODLG�RQ����\HDVW�WRRN�FORVH�WR�RQH�GD\�ORQJHU�
WKDQ�WKH����\HDVW�FRQGLWLRQ�RQ�DYHUDJH�WR�HFORVH��2XU�UHVXOWV�DUH�VXSSRUW-
HG�E\�QXPHURXV�SUHYLRXV�VWXGLHV�WKDW�IRXQG�GHFUHDVLQJ�WKH�SURWHLQ�VRXUFH�
LQ�À\�IRRG�DOVR�GHFUHDVHV�IHPDOH�IHUWLOLW\��DPRQJ�RWKHU�HIIHFWV�WKDW�ZH�GLG�

UHVXOWV��$QDO\VLV� RI� WKH� DW�KRPH� ODE� VXJJHVWHG� WKHUH�ZDV� QR� VLJQL¿FDQW�
FKDQJH�LQ�IHUWLOLW\�RU�GHYHORSPHQWDO�WLPLQJ�GXH�WR�UHGXFWLRQ�RI�\HDVW�FRQ-
FHQWUDWLRQ�LQ�IRRG�FRQGLWLRQV��$GGLWLRQDOO\��WKHVH�UHVXOWV�VXJJHVW�WKDW�IHUWLOLW\�
LQFUHDVHG�DV�WKH�ÀLHV�DJHG�ZKHQ�ORRNLQJ�DW�IHPDOH�IHUWLOLW\�EXW�KDG�UHYHUVH�
UHVXOWV�ZKHQ�ORRNLQJ�DW�WKH�WRWDO�HFORVHG�ÀLHV�LQ�HDFK�IRRG�FRQGLWLRQ��7KH�
DW�KRPH� ODE�GLG�QRW�KDYH�DFFHVV� WR�DQ� LQFXEDWRU�� UHVXOWLQJ� LQ�DOO�H[SHUL-
PHQWV�EHLQJ�FRQGXFWHG�DW�D�ÀXFWXDWLQJ� URRP� WHPSHUDWXUH��7KH�DW�KRPH�
H[SHULPHQWV�ZHUH� VXEMHFWHG� WR� ODUJH� RSHQ� VSDFHV� IRU� ORQJHU� SHULRGV� RI�
WLPH��7KH�ORZHU�WHPSHUDWXUHV�DORQH�JDYH�UHDVRQ�WR�XQGHUVWDQG�WKH�LQFRQ-
VLVWHQFLHV�RI�WKH�DW�KRPH�UHSOLFDWLRQ�RI�WKHVH�H[SHULPHQWV��$GGLWLRQDOO\��WKH�
DW�KRPH� ODE�DOVR�KDG�VOLJKWO\�YDULHG�SURFHGXUHV�DQG�ZDV�VXEMHFW� WR� WULDO�
DQG�HUURU�ZKHQ�FRQGXFWLQJ�H[SHULPHQWDO�PHWKRGV��/DVWO\��WKH�DW�KRPH�ODE�
KDG�D�PXFK�VPDOOHU�VDPSOH�VL]H�DQG� IHZHU� UHSOLFDWLRQV� WKDQ� WKDW�RI� WKH�
LQ�SHUVRQ� ODE��$�FRPSDULVRQ�RI� LQ�SHUVRQ�DQG�DW�KRPH� ODE� UHVXOWV�ZRXOG�
VXJJHVW�FRQÀLFWLQJ�DQDO\VLV�RI�ERWK�WKH�IHPDOH�IHUWLOLW\�DQG�GHYHORSPHQWDO�
WLPLQJ��1RWDEO\��DQ�XQGHUVWDWLQJ�RI�UHYLHZHG�OLWHUDWXUH�ZRXOG�DOVR�VXSSRUW�
WKDW� WKHVH� DUH� KLJKO\� XQVXSSRUWHG� FRQFOXVLRQV�� )XUWKHUPRUH�� ZLWK� FRQ-
VLGHUDWLRQ�RI�WKH�PXOWLWXGH�RI�H[WHUQDO�IDFWRUV�VXFK�DV�ORZHU�WHPSHUDWXUH��
KXPLGLW\�DQG�VPDOOHU�VDPSOH�VL]H��LW�ZDV�GHWHUPLQHG�EHVW�WR�UHIUDLQ�IURP�
VWDWLVWLFDOO\�FRPSDULQJ�WKH�UHVXOWV�IURP�WKH�WZR�GLIIHUHQW�ODE�HQYLURQPHQWV���
7KHUH�ZHUH�PXOWLSOH�OLPLWDWLRQV�RI�WKLV�VWXG\�WKDW�PLJKW�KDYH�LPSDFWHG�RXU�
UHVXOWV��7R�EHJLQ��WKH�IRRG�ZH�PDGH�KDG�WKH�WHQGHQF\�WR�GU\�RXW�DIWHU�ODU-
YDH�ZHUH�SUHVHQW�LQ�WKH�YLDOV�DQG�PRYLQJ�WKURXJK�WKH�WXEH��HYHQ�ZLWK�WKH�
DGGLWLRQ�RI�ZDWHU��+RZHYHU�� WKH� IRRG�GULHG�RXW�HYHQO\�DFURVV� WKH�H[SHUL-
PHQWDO�DQG�FRQWURO�FRQGLWLRQV��DQG�EHWZHHQ�LQ�SHUVRQ�DQG�DW�KRPH�ODEV��
6R��ZKLOH�WKH�GU\QHVV�RI� IRRG�ZDV�QRW� LGHDO�� LW�HTXDOO\� LQÀXHQFHG�WKH�UH-
VXOWV�IURP�HDFK�FRQGLWLRQ�DQG��WKHUHIRUH��LV�QRW�WKH�PRVW�LPSRUWDQW�IDFWRU�
WR�FRQVLGHU��$QRWKHU�VXUSULVLQJ�HIIHFW� WKDW�ZH�GLG�QRW�DQWLFLSDWH�ZDV� WKDW�
PDQ\�RI�WKH����\HDVW�GHYHORSPHQWDO�WLPLQJ�YLDOV�GLG�QRW�VKRZ�DQ\�SXSDH�
DQG�KDG�QR�HFORVHG�ÀLHV��:H� LQLWLDOO\�KDG�WHQ�'7�YLDOV� LQ�HDFK�FRQGLWLRQ�
DQG�WKH����\HDVW�'7�YLDOV�PDLQWDLQHG�DQ�Q� �����EXW�RYHU�WKH�FRXUVH�RI�
H[SHULPHQWDWLRQ�� WKH����YLDOV� LQ� WKH�\RXQJ�FRQGLWLRQ�ZHUH� UHGXFHG� WR�Q�
 ����ZKLOH�WKH�YLDOV� LQ�WKH�ROG�FRQGLWLRQ�ZHUH�UHGXFHG�HYHQ�PRUH�WR�RQO\�
WKUHH�YLDOV�HFORVLQJ�ÀLHV��Q� �����7KHUH�FRXOG�EH�PXOWLSOH�H[SODQDWLRQV�IRU�
ZK\�WKH�ORZHU�\HDVW�FRQFHQWUDWLRQ�UHGXFHG�PDWLQJ��2QH�SRVVLELOLW\�LV�WKDW�
LW�FRXOG�EH�PRUH�GLI¿FXOW�IRU�WKH�GHYHORSLQJ�HJJV�WR�VXUYLYH�ZLWK�ORZHU�SUR-
WHLQ� OHYHOV�� ,W� LV� DOVR� LPSRUWDQW� WR� QRWH� WKDW� WKHUH�PD\� KDYH� EHHQ� VOLJKW�
GLIIHUHQFHV�EHWZHHQ�KRZ�WKH����DQG����\HDVW�'7�YLDOV�ZHUH�KDQGOHG��DV�
WKH�FRQGLWLRQV�ZHUH�QRW�HTXDOO\�GLVWULEXWHG��LQVWHDG�HDFK�DXWKRU�LQ�SHUVRQ�
UHFRUGHG� GDWD� IRU� DOO� WKH� ÀLHV� LQ� RQH� IRRG� FRQGLWLRQ�� 6R�� GHVSLWH� VLPLODU�
WLPLQJ� RI� GDWD� FROOHFWLRQ� DQG� VLPLODU� WHFKQLTXHV�� WKHUH�PLJKW� KDYH� EHHQ�
VRPH�GLIIHUHQFHV�WKDW�LPSDFWHG�WKH����\HDVW�ÀLHV��$QRWKHU�PRUH�OLNHO\�H[-
SODQDWLRQ� LV� WKDW�ÀLHV�DUH� OHVV� OLNHO\� WR�PDWH�RQ� IRRG�ZLWK� ORZHU�QXWULWLRQ�
�*RUWHU� HW� DO�� �������7KLV� FRXOG�EH� VXSSRUWHG�E\� WKH� IDFW� WKDW� WKH� VDPH�
ÀLHV�WKDW�PDWHG�LQ�D�'7�YLDO�WKDW�\LHOGHG�QR�QHZ�ÀLHV�ZHUH�UHFRUGHG�WR�OD\�
HJJV�RQ�DQ�HJJ�OD\�SODWH�WKDW�FRQWDLQHG�DQ�XQNQRZQ��EXW�KLJKHU�FRQFHQ-
WUDWLRQ�RI� \HDVW�SDVWH��8QIRUWXQDWHO\��ZH�GLG�QRW� LQYHVWLJDWH�ZKHWKHU� WKH�
HJJV� ODLG�RQ�SODWHV�ZHUH�IHUWLOL]HG��VR� LW� LV�GLI¿FXOW� WR�SUHGLFW�ZKHWKHU� WKH�
IHPDOHV�ZHUH�QRW�IHUWLOH��RU�LI�WKH\�ZHUH�QRW�ZLOOLQJ�WR�PDWH�RQ����\HDVW�IRRG�
WR� LQFUHDVH� WKHLU�VXUYLYDO�� ,Q� WHUPV�RI�KRZ� WKLV� LPSDFWHG�RXU� UHVXOWV�� WKH�
VPDOOHU�Q�LQ�WKH�ROG�IHPDOH�FRQGLWLRQ�FRXOG�LQÀXHQFH�WKH�VLJQL¿FDQFH�RI�RXU�
UHVXOWV�RU�ZKHWKHU�DJH�DQG�IRRG�W\SH�LQWHUDFW�WR�FKDQJH�WLPH�WR�HFORVLRQ��
,Q� WKH� IXWXUH�� LW�ZRXOG�EH� LQWHUHVWLQJ� WR�H[SORUH�ZKHWKHU� WKH�UHGXFHG� IHU-
WLOLW\�REVHUYHG�LQ�ORZ�SURWHLQ�FRQGLWLRQV�LV�VHHQ�LQ�PXOWLSOH�JHQHUDWLRQV�RI�
ÀLHV��7R� EHJLQ� WKH� H[SHULPHQW� GHVFULEHG� LQ� WKLV� SDSHU��ZH� FROOHFWHG� YLU-
JLQ� IHPDOH� ÀLHV� IURP�PDVV� SURGXFHG� FRPPHUFLDO� IRRG�� QRW� RXU� VSHFL¿F�
���DQG� ��� \HDVW� IRRG��6R�� WKH� IHPDOH� ÀLHV� XVHG� LQ� WKH� IHUWLOLW\� H[SHUL-
PHQWV� GHYHORSHG�RQ�QXWULHQW� ULFK� IRRG� UDWKHU� WKDQ� WKH�QXWULHQW� SRRU� ���
\HDVW��,Q�IROORZLQJ�H[SHULPHQWV��ZH�ZRXOG�EHJLQ�ZLWK�D�FXOWXUH�RI�ÀLHV�RQ�
WKH�FRQWURO����DQG�H[SHULPHQWDO����\HDVW�IRRGV�FRQGLWLRQV�ZH�PDGH�WR�
LQYHVWLJDWH� ZKHWKHU� KDYLQJ� ORZHU� OHYHOV� RI� SURWHLQ� GXULQJ� GHYHORSPHQW�
QHJDWLYHO\� LPSDFWV� WKH� DGXOW� IHUWLOLW\� LQ� D� FRPSDUDEOH�ZD\� WR� WKH� UHVXOWV�
RI� WKLV� VWXG\�� ,W� LV� SRVVLEOH� WKDW� WKHUH� FRXOG�EH�DQ�DGGLWLYH�HIIHFW� RQ� WKH�
IHUWLOLW\� RI� IHPDOH� ÀLHV� DQG� VXFFHVVLYH� JHQHUDWLRQV�ZRXOG� OD\� IHZHU� DQG�
IHZHU�HJJV�DQG�KDYH�IHZHU�WRWDO�ÀLHV�HFORVH��2Q�WKH�RWKHU�KDQG��WKH�ÀLHV�
PLJKW�KDYH�VRPH�DGDSWLYH�PHFKDQLVP�WKDW�HQDEOHV�WKHP�WR�PDWH�DQG�VXU-
YLYH� RQ� WKH� ORZ� \HDVW� IRRG� MXVW� DV�ZHOO� DV� WKH\� GR� RQ� WKH� FRQWURO� IRRG��
$QRWKHU�VWXG\�RI�LQWHUHVW�ZRXOG�EH�WR�H[DPLQH�ZKHWKHU�WKHUH�LV�D�UHODWLRQ-
VKLS�EHWZHHQ�PHDVXUHG�IHUWLOLW\�DQG�OLIHVSDQ�RI�IHPDOH�ÀLHV�RQ�ORZ�SURWHLQ�
IRRG�� 6RPH� SUHYLRXV� OLWHUDWXUH� KDV� QRWHG� WKDW� ÀLHV� UHDUHG� RQ� ORZ�\HDVW�
IRRG�VKRZ�ORQJHU�OLIHVSDQV��7DWDU��������ZKLOH�RWKHUV�KDYH�VKRZQ�D�PRUH
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FRPSOH[� UHODWLRQVKLS� EHWZHHQ� \HDVW� OHYHO�� OLIHVSDQ�� DQG� VH[�VSHFL¿F� UH-
VSRQVHV��'X[EXU\�DQG�&KDSPDQ��������,W�LV�UHDVRQDEOH��EDVHG�RQ�UHVXOWV�
IURP�*RUWHU�HW�DO���������� WKDW�WKH�ÀLHV�RQ�ORZ�\HDVW�IRRG�UHGXFH�WKH�HQ-
HUJ\� LQWHQVLYH� SURFHVV� RI� UHSURGXFWLRQ� DQG�PDWLQJ� WR� H[WHQG� WKHLU� OLIHV-
SDQV��+RZHYHU��LW�ZRXOG�EH�LQWHUHVWLQJ�WR�VHH�WKH�GLIIHUHQFH�RI�À\�OLIHVSDQV�
RQ����DQG����\HDVW� DQG�ZKHWKHU� LQFUHDVHG�PHDVXUHG� IHUWLOLW\� LV� DVVR-
FLDWHG�ZLWK�GHFUHDVHG� OLIHVSDQ�RI� IHPDOH�ÀLHV� LQ�RQH�RU�ERWK�FRQGLWLRQV�
7KHVH�UHVXOWV��DQG�DQ\�IXWXUH�H[SHULPHQWV��FRXOG�EH�DSSOLFDEOH�WR�WKH�LP-
SRUWDQFH�RI�GLHW�ERWK�EHIRUH�DQG�GXULQJ�SUHJQDQF\�IRU�PDQ\�RUJDQLVPV��LQ-
FOXGLQJ�KXPDQV��,I�IHPDOH�ÀLHV�ZKR�GLG�QRW�FRQVXPH�DQ�DGHTXDWH�DPRXQW�
RI�SURWHLQ�DUH� OHVV� IHUWLOH�� WKHQ� LW�PD\�EH� UHDVRQDEOH� WR�K\SRWKHVL]H�KX-
PDQV�ZKR�GR�QRW�JHW� WKH�SURSHU�QXWULWLRQ�ZLOO�KDYH�PRUH�GLI¿FXOW\� LQ�EH-
FRPLQJ�SUHJQDQW��7KLV�LQWHUDFWLRQ�KDV�EHHQ�REVHUYHG�LQ�KXPDQ�IHPDOHV��
EXW�WKH�LGHDO�DPRXQW�RI�SURWHLQ�WR�FRQVXPH�UHPDLQV�XQNQRZQ��DOWKRXJK�LW�
LV�VXJJHVWHG� WKDW�SODQW�EDVHG�SURWHLQV�DUH�PRUH� OLNHO\� WR� LQFUHDVH� IHUWLOL-
W\� WKDQ�DQLPDO�EDVHG�SURWHLQV��6LOYHVWULV�HW�DO���������2YHUDOO��GLHW� LV�H[-
WUHPHO\� LPSRUWDQW�WR�WKH�VXUYLYDO�DQG�SURSDJDWLRQ�RI�DOO� OLYLQJ�RUJDQLVPV��
VR�D�WKRURXJK�XQGHUVWDQGLQJ�RI�QXWULWLRQ�LV�QHFHVVDU\�WR�RSWLPL]H�VXUYLYDO�
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