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Introduction

*OREDO�GHYHORSPHQW�VHUYHV�DV�D�KDUELQJHU�RI�HYHU�LQFUHDVLQJ�TXDQWLWLHV�RI�DUWL¿FLDO�
OLJKW� DW� QLJKW� �$/$1���7KH� XELTXLW\� RI� KLJK�SUHVVXUH� VRGLXP�EXOEV� DQG� EULJKW��
ZKLWH� /('V� FDVW� D� VN\JORZ� WKDW� H[WHQGV� DUWL¿FLDO� OLJKWLQJ� EH\RQG� WKH� FRQFUHWH�
ERXQGV�RI�XUEDQ�DQG�VXEXUEDQ�VSDFHV��3UREOHPDWLFDOO\��WKLV�light pollution�KLQGHUV�
KXPDQ�SV\FKR�SK\VLRORJLFDO�ZHOOEHLQJ��FRQWULEXWHV�WR�WKH�ORVV�RI�DHVWKHWLF��LQWHO�
OHFWXDO��DQG�FXOWXUDO�YDOXHV��DQG� LQKLELWV� WKH�ÀRXULVKLQJ�RI�ELRGLYHUVH�RUJDQLVPV�
DQG�HQYLURQPHQWV��'LOO��������6WRQH��������

+HUHLQ�� ,�XWLOLVH�DQ�HQYLURQPHQWDO�HWKLFDO� IUDPHZRUN� WR�DQDO\VH�KRZ�WKH� ORVV�
RI�QDWXUDO�GDUNQHVV�QHJDWLYHO\�KLQGHUV�WKH�FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ�RI�ELRGL�
YHUVH�forested�HFRV\VWHPV��ZKLOH�VLPXOWDQHRXVO\�GDPDJLQJ�WKH�LUUHSODFHDEOH�UHOD�
WLRQVKLSV�WKDW�ZH�Homo sapiens�IRUP�ZLWK�WKHP��,Q�DGGLWLRQ��DV�$/$1�LQKLELWV�D�
IRUHVW¶V�DELOLW\�WR�VHTXHVWHU�FDUERQ�H൵HFWLYHO\��LW�WKHUHE\�FRQWULEXWHV�WR�RYHUDOO�FOL�
PDWH�FKDQJH��LQFOXGLQJ�H[WUHPH�VKLIWV�LQ�ZHDWKHU�DQG�ULVLQJ�JOREDO�WHPSHUDWXUHV���
7R� H[SOLFDWH� WKHVH� FODLPV�� ,� HPSOR\� WKH� NH\�SKLORVRSKLFDO� FRQFHSWV� RI�wildness 
�GH¿QHG� DV� D� ODFN� RI� WR[LF�� DQWKURSRJHQLF� LQÀXHQFHV� EHORZ� D� YDJXH� WKUHVKROG���
eudaemonia��ÀRXULVKLQJ���DQG�relational value��DFFRUGLQJ�WR�ZKLFK�WKH�ZHOOEHLQJ�
RI�ERWK�SHRSOH�DQG�IRUHVWV�LV�LQKHUHQWO\�LQWHUWZLQHG���'LOO���������$OWRJHWKHU��,�FRQ�
WHQG�WKDW�WKH�SUHVHUYDWLRQ�RI�QDWXUDO�GDUNQHVV�VKRXOG�EH�FRQFHLYHG�RI�DV�IXQGDPHQ�
WDO�WR�IRUHVW��KXPDQ�DQG�JOREDO�KHDOWK�

Relationalism: a brief history

(WKLFV�DQG�WKH�HQYLURQPHQW

%URDGO\��,�FRQWH[WXDOLVH�DQG�DQDO\VH�FODLPV�DERXW�WKH�QHFHVVLW\�RI�GDUN�VN\�FRQ�
VHUYDWLRQ�IURP�ZLWKLQ�D�SKLORVRSKLFDO��HWKLFDO�IUDPHZRUN��0RUH�VSHFL¿FDOO\��OLJKW�
SROOXWDQW� KDUPV� WR� ELRGLYHUVH�� LQFOXGLQJ� IRUHVWHG�� VSHFLHV�� ,� DUJXH�� DUH� HWKLFDOO\�
SUREOHPDWLF�ERWK�intrinsically��WKDW�LV��LQ�YLUWXH�RI�WKHLU�YDOXH�LQ�WKHPVHOYHV��DQG�
relationally��WKDW�LV��LQVRIDU�DV�WKHLU�SUHVHQFH�RU�DEVHQFH�FRQWULEXWHV�HLWKHU�WR�WKH�
ÀRXULVKLQJ�RU�GHFOLQDWLRQ�RI� WKHLU� ODUJHU��ELRWLF� FRPPXQLW\���7KLV� VWULSH�RI� HWKL�
FDO� relationalism� DWWULEXWHV� D� NLQG� RI� YDOXH� WR� PRUH�WKDQ�KXPDQ� EHLQJV� ZKLFK�
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WUDQVFHQGV�\HW�LQWHJUDWHV�ERWK�LQWULQVLF�DQG�LQVWUXPHQWDO�UHDVRQV�WKDW�PRWLYDWH�FDUH��
7R�XQGHUVWDQG�WKLV�FODLP��LW�LV�ZRUWK�QRWLQJ�WKDW�UHODWLRQDOLVP�LV�PRWLYDWHG�E\�WZR�
WKHRUHWLFDO�FRPSRQHQWV��RQH�GHVFULSWLYH��WKDW�LV��PHWDSK\VLFDO�DQG�RQWRORJLFDO��DQG�
WKH�RWKHU�QRUPDWLYH��WKDW�LV��HWKLFDO���'HVFULSWLYHO\��UHODWLRQDOLVP�LQYROYHV�D�FRP�
PLWPHQW� WR� WKH� LGHD� WKDW� OLIH� LV�EHVW�XQGHUVWRRG�LQWHUGHSHQGHQWO\²DV�IXQGDPHQ�
WDOO\�LQWHUWZLQHG��LQWHUZRYHQ��DQG�HQWDQJOHG��ERWK�FOLPDWLFDOO\�DQG�DW�WKH�OHYHO�RI�
HFRV\VWHPV���1RUPDWLYHO\��UHODWLRQDOLVP�SRVLWV� WKDW�ZH�RXJKW�WR�DFW� LQ�ZD\V�WKDW�
UHFLSURFDOO\�PD[LPLVH�WKH�ZHOOEHLQJ�RI�WKRVH�ZLWK�ZKRP�ZH�VWDQG�LQ�UHODWLRQVKLS�
�WKURXJK��IRU�H[DPSOH��DFWV�RI�FDUH��

5HODWLRQDOLVP¶V�RQWRORJLFDO�DQG�HWKLFDO�FRPPLWPHQWV

7RGD\��VRPH�ELRORJLVWV��P\FRORJLVWV��DQG�IRUHVW�HFRORJLVWV��.LPPHUHU��������0DU�
JXOLV�� ������ 6KHOGUDNH�� ������ 6LPDUG�� ������ KDYH� DUJXHG� WKDW� WKH� VHULRXV� FRQ�
VLGHUDWLRQ� RI� FRRSHUDWLYH� symbiosis� QHFHVVLWDWHV� WKH� UHMHFWLRQ� RI� ELRORJLFDO� DQG�
RQWRORJLFDO�DWRPLVP²WKH�YLHZ�WKDW�LQGLYLGXDOV�DQG�VSHFLHV�DUH�GLVWLQFW�DQG�ZKROO\�
VHSDUDEOH��2QH� FRQVHTXHQFH� RI� WKLV� YLHZ� LV� WKDW� WKH� LGHQWLW\� RU� GH¿QLWLRQ� RI� DQ�
LQGLYLGXDO�RUJDQLVP�E\�QHFHVVLW\��WKRXJK�QRW�FRPSOHWHO\��UHIHUV�WR�RUJDQLVPV�RU�
HQYLURQPHQWDO�IHDWXUHV�RXWVLGH�RI�LW��$V�RUJDQLVPV�FDQQRW�EH�XQGHUVWRRG�LQ�LVROD�
WLRQ��RXU�ELRWLF�ZRUOG�LV�IXQGDPHQWDOO\�DQG�LQH[WULFDEO\�entangled�DW�LWV�URRWV��'LOO��
2021�� 6KHOGUDNH�� ������� 5HODWLRQDOLVP� WKHUHE\� WDNHV� VHULRXVO\� (UQVW� +DHFNHO¶V�
�������FODLP�WKDW�HFRORJ\�UHTXLUHV�D�VHULRXV�³VWXG\�>RI@�WKH�UHODWLRQVKLSV�EHWZHHQ�
RUJDQLVPV�DQG�WKHLU�HQYLURQPHQWV��ERWK�WKH�SODFHV�ZKHUH�WKH\�OLYH�DQG�WKH�WKLFNHW�
RI�UHODWLRQVKLSV�WKDW�VXVWDLQ�WKHP´��6KHOGUDNH��������S������

7KLV�RQWRORJLFDO�DQG�ELRORJLFDO�LQWHUGHSHQGHQFH�¿UPO\�VXJJHVWV�WKDW�ZH��Homo 
sapiens��DOVR�¿QG�RXUVHOYHV�LQH[WULFDEO\�HPEHGGHG�ZLWKLQ�D�ZHE�RI�ELRWLF�UHODWLRQ�
VKLSV��)XUWKHUPRUH��WKLV�IDFW��WKDW�ZKLFK�1RUZHJLDQ�SKLORVRSKHU�DQG�IDWKHU�RI�GHHS�
HFRORJ\��$UQH�1DHVV� �������� WHUPHG� WKH� ³UHODWLRQDO�� WRWDO�¿HOG� LPDJH´�� VXJJHVWV�
FRQVWUDLQWV� RQ� DQG� UHFRPPHQGDWLRQV� IRU� FHUWDLQ� NLQGV� RI� EHKDYLRXU�� ,Q� RUGHU� WR�
PRWLYDWH�WKLV�DUJXPHQWDWLYH�PRYH��LW�LV�ZRUWK�FODULI\LQJ�WKDW�UHODWLRQVKLSV�FDQ�EH�
XQGHUVWRRG� DORQJ� WZR�GLPHQVLRQV�� ERWK� GHVFULSWLYHO\� �HFRORJLFDOO\�� DQG� QRUPD�
WLYHO\��,Q�WKLV�ODWWHU�VHQVH��UHODWLRQVKLSV�DW�WLPHV�EHDU�DHVWKHWLF�RU�HWKLFDO�YDOXH�DQG�
VR��E\�H[WHQVLRQ��FDUU\�QRUPDWLYH�RU�PRUDO�IRUFH�

'UDZLQJ� RQ� WKH�$ULVWRWHOLDQ� FRQFHSW� RI� eudaemonia—ÀRXULVKLQJ²,� DUJXH�
WKDW� UHODWLRQVKLSV� �LQ� DGGLWLRQ� WR� LQGLYLGXDOV�� H[KLELW� GHJUHHV� RI� PRUH� RU� OHVV�
ZHOOEHLQJ��7R�FODULI\��$ULVWRWOH�GH¿QHG�eudaemonia�DV�WKH�telos�RU�XOWLPDWH�JRDO�
WRZDUG�ZKLFK�DOO�OLYLQJ�EHLQJV�XOWLPDWHO\�DVSLUH��$�HXGDHPRQLVWLF�OLIH�LV��LQ�VKRUW��
D�OLIH�ZHOO�OLYHG��D�ÀRXULVKLQJ�OLIH�DQG�WKH�VRXUFH�RI�DOO�JRRGQHVV��*RRG�DFWLRQV�
RU�REMHFWV�WKHUHE\�DFTXLUH�WKHLU�YDOXH�RQO\�GHULYDWLYHO\��LQVRIDU�DV�WKH\�LQVWDQWL�
DWH��RU�IDLO�WR�LQVWDQWLDWH��HXGDHPRQLD�H൵HFWLYHO\��7KH�IRUP�RI�UHODWLRQDOLVP�WKDW�
,�HQGRUVH�KHUH�H[WHQGV�WKLV�$ULVWRWHOLDQ�FRQFHSWLRQ�RI�HXGDHPRQLD�IURP�LQGLYLGX�
DOV�WR�relationships and communities��FRQFHLYHG�RI�KROLVWLFDOO\��'L൵HUHQW�NLQGV�RI�
UHODWLRQVKLSV�EHDU�DQG�H[KLELW�GL൵HULQJ�NLQGV�RU�GHJUHHV�RI�YDOXH��IRU�WKH\�FDQ�EH�
KHDOWK\�DQG�UHFLSURFDOO\�UHZDUGLQJ�RU�PD\�DW� WLPHV²DQG�TXLWH� WUDJLFDOO\²IDOO�
LUUHSDUDEO\�LOO�
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$QLVKLQDDEH�DXWKRU�DQG�HQYLURQPHQWDO�VFLHQWLVW�5RELQ�:DOO�.LPPHUHU������) 
VXJJHVWV�WKDW�ORYLQJ�RU�KHDOWK\�UHODWLRQVKLSV�E\�QHFHVVLW\�H[KLELW�IHDWXUHV�RI�FDUH��
UHVSHFW�� DQG� UHFLSURFLW\�� ,Q� RWKHU� ZRUGV�� KHDOWK\� UHODWLRQVKLSV� FRQWULEXWH� WR� WKH�
mutual�ÀRXULVKLQJ�RI�WKH�relata�ZKR�WRJHWKHU�FRPSULVH�WKHP��8QGHUVWRRG�ZLWKLQ�
WKLV�EURDGHU�HWKLFDO�IUDPHZRUN��KHDOWK\�UHODWLRQVKLSV�RI�WKLV�VRUW�DUH��ZKDW�,�KDYH�
HOVHZKHUH�WHUPHG��synergistic�DQG�UHJXODWLYH��'LOO���������7KRVH�WKDW�GHWUDFW�IURP�
WKH�ZHOOEHLQJ�RI�RQH�RU�PRUH�RI�WKHLU�relata—DV�D�GLUHFW�UHVXOW�RI�QHJOHFW��DEXVH�
RU�RWKHU�KDUPV�SHUSHWXDWHG�E\�RQH�SDUWLFLSDQW�DUH��E\�FRQWUDVW��WR[LF��'LOO���������
$OWRJHWKHU�� WKH�DSSOLFDWLRQ�RI�WKH�$ULVWRWHOLDQ�FRQFHSWLRQ�RI�HXGDHPRQLD�WR�UHOD�
WLRQVKLSV� DQG� LQGLYLGXDOV� UHFRPPHQGV� WKH� IROORZLQJ� SUHVFULSWLYH� FODLP�� HWKLFDO�
DFWLRQV�DUH�WKRVH�WKDW�FRQWULEXWH�WR�UHODWLRQDO�ÀRXULVKLQJ��ZKLOH�DFWLRQV�WKDW�GHWUDFW�
IURP�UHFLSURFDO�ZHOOEHLQJ�DUH��E\�FRQWUDVW��PRUDOO\�EHUHIW��:H�DUH��WKHUHE\��PRUDOO\�
REOLJHG� WR�DFW� LQ�ZD\V� WKDW�GHPRQVWUDWH� UHFLSURFDO�FDUH�� LQ�JUDWLWXGH�IRU� WKH�ULFK�
DEXQGDQFH�WKDW�ZH�UHFHLYH�LQ�WXUQ�

([WHQGLQJ�UHODWLRQDOLVP�WR�WKH�PRUH�WKDQ�KXPDQ�ZRUOG

+LVWRULFDOO\��HOHPHQWV�RI�UHODWLRQDOLVP�KDYH�EHHQ�ZULWWHQ�LQWR�PDQ\�GLYHUVH�HQYL�
URQPHQWDO�HWKLFDO�ZRUOGYLHZV��LQFOXGLQJ�1RUZHJLDQ�GHHS�HFRORJ\��1DHVV���������
$QLVKLQDDEH�WUDGLWLRQDO�HFRORJLFDO�NQRZOHGJH��.LPPHUHU���������'DRLVP��&KLQQ��
�������WKH�YLUWXH�HWKLFV�RI�&RQIXFLDQLVP��+RXUGHTXLQ�DQG�:RQJ���������$OGR�/HR�
SROG¶V�ODQG�HWKLF���������VRPH�IRUPV�RI�HFR�IHPLQLVP��&XRPR���������DQG�VRPH�
,QGLDQ�HQYLURQPHQWDO�SKLORVRSK\��6KLYD��������

'HVSLWH� WKLV� UDWKHU� EURDG� WD[RQRPLF� XPEUHOOD�� UHODWLRQDOLVWV� DUH� QHYHUWKHOHVV�
XQLWHG�E\�WKH�DIRUHPHQWLRQHG�VHW�RI�GHVFULSWLYH�DQG�QRUPDWLYH�FRUH�FRPPLWPHQWV�

����Descriptively��*LYHQ� WKH� HFRORJLFDO� HYLGHQFH��Homo sapiens� DUH� LQH[WULFDEO\�
HPEHGGHG�ZLWKLQ²DQG� DUH� QRW� IXQGDPHQWDOO\� GLVWLQFW� IURP²RXU�PRUH�WKDQ�
KXPDQ�ZRUOG�

����Ethically��,Q�YLUWXH�RI�WKH�HFRORJLFDO�UHODWLRQVKLSV�RQ�ZKLFK�ZH�IXQGDPHQWDOO\�
UHO\��Homo sapiens�DUH�HWKLFDOO\�REOLJHG�WR�DFW�LQ�ZD\V�WKDW�UHFLSURFDOO\�FRQWULE�
XWH�WR�WKH�ÀRXULVKLQJ�RI�RXU�PRUH�WKDQ�KXPDQ�NLQ�

,Q�RUGHU�WR�MXVWLI\������LW�LV�ZRUWK�HPSKDVLVLQJ�WKDW�PHPEHUV�RI�RXU�VSHFLHV�Homo 
sapiens�H[LVWHQWLDOO\�UHO\�RQ�WKH�PDWHULDO��SV\FKRORJLFDO��HPRWLRQDO��DQG�VSLULWXDO�
VXVWHQDQFH� D൵RUGHG� E\�PRUH�WKDQ�KXPDQ�� HFRORJLFDO� EHLQJV��$W� WKH�PRVW� EDVLF�
OHYHO�ZH�DUH�

PHUH�KHWHURWURSK>V@��IHHGHU>V@�RQ�WKH�FDUERQ�WUDQVPXWHG�E\�RWKHUV��,Q�RUGHU�WR�
OLYH��,�PXVW�FRQVXPH��7KDW¶V�WKH�ZD\�WKH�ZRUOG�ZRUNV��WKH�H[FKDQJH�RI�D�OLIH�
IRU�D�OLIH��WKH�HQGOHVV�F\FOLQJ�EHWZHHQ�P\�ERG\�DQG�WKH�ERG\�RI�WKH�ZRUOG�

(.LPPHUHU������)

2XU�ÀRXULVKLQJ�LV� WKXV�RQO\�PDGH�SRVVLEOH�WKURXJK�H[FKDQJHV�ZLWK�WKH�FRPSOH[�
ZHE�RI�VRFLR�HFRORJLFDO�UHODWLRQVKLSV�WKDW�WRJHWKHU�FRQVWLWXWH�RXU�ZRUOG��2I�FRXUVH��
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RXU�NQRZOHGJH�DERXW� WKHVH� UHODWLRQVKLSV�� IDFWV�DERXW�ZKHWKHU�ZH�DUH� LQ� WKHP�DW�
DOO��DQG�WKHLU�FRUUHVSRQGLQJ�HWKLFDO�REOLJDWLRQV�PD\�DSSHDU�WR�XV�DV��DW�WLPHV��HSLV�
WHPLFDOO\�RSDTXH��IRU�WKRXJK�DOO�Homo sapiens�QHFHVVDULO\�GHSHQG�RQ�PRUH�WKDQ�
KXPDQ�ÀRUD�DQG� IDXQD� IRU�RXU� VXVWHQDQFH� �WKURXJK� WKH�DJULFXOWXUDO�SURGXFWV�ZH�
FRQVXPH��WH[WLOHV�ZH�ZHDU��DQG�PDWHULDOV�WKDW�VWUXFWXUH�RXU�KRPHV���QRW�DOO�RI�XV�DUH�
FRQVFLRXVO\�DZDUH�WKDW�ZH�GR�VR��1HYHUWKHOHVV��DQG�LQ�OLJKW�RI�WKLV�IDFW��.LPPHUHU�
VXJJHVWV�DQ�H[WHQVLRQ�RI�WKH�PRUDO�VSKHUH�WR�HPEUDFH�PHPEHUV�RI�RXU�PRUH�WKDQ�
KXPDQ�ZRUOG�XQGHU�LWV�SXUYLHZ��,Q�VXP��WKRVH�DFWLRQV�DUH�JRRG�ZKLFK�UHFLSURFDOO\�
FRQWULEXWH� WR� WKH�ZHOOEHLQJ�RU�ÀRXULVKLQJ�RI�both� KXPDQ� DQG�PRUH�WKDQ�KXPDQ�
EHLQJV�

³7KH�:RRGV�$UH�/RYHO\��'DUN��DQG�'HHS´��)URVW�������

+XPDQ�UHODWLRQVKLSV�ZLWK�IRUHVWV

:LWKLQ� WKH�FRQWH[W�RI� WKLV�SLHFH��,�DP�SDUWLFXODUO\� LQWHUHVWHG�LQ�UHPHGLDWLQJ�SUH�
H[LVWLQJ�UHODWLRQVKLSV�EHWZHHQ�KXPDQ�EHLQJV�DQG�RXU�V\OYDQ�NLQ��$IWHU�DOO��RXU�YHU\�
OLYHV�qua�KXPDQ�EHLQJV�DUH�HQWDQJOHG�ZLWK�DQG�PDGH�SRVVLEOH�WKURXJK�RXU�DQFHV�
WUDO�DQG�FRQWHPSRUDU\�UHODWLRQVKLSV�ZLWK�WKH�SODQWV��P\FHOLD��VRLOV��DQG�PRUH�WKDQ�
KXPDQ�DQLPDOV�WKDW�FRPSRVH�IRUHVWHG�HFRV\VWHPV�

)RU�WKH�VDNH�RI�EUHYLW\��,�ZLOO�QRW�GHHSO\�H[SOLFDWH�WKH�PXOWLSOH�ZD\V�WKDW�ZH�
EHQH¿W�IURP�RXU�RQJRLQJ�UHODWLRQVKLSV�ZLWK�IRUHVWV��,�ZLOO��KRZHYHU��EULHÀ\�JHVWXUH�
DW�DQG�PDNH�UHIHUHQFH�WR�VRPH�DGGLWLRQDO��LUUHSODFHDEOH�V\OYDQ�JLIWV��IURP�IRUHVWV��
ZH�HQMR\�D�YDVW�UDQJH�RI�EXLOGLQJ�PDWHULDOV�IRU�VKHOWHU�VXFK�DV�ZRRG��DV�ZHOO�DV�
IRRGVWX൵V�DQG�SULFHOHVV�PHGLFLQDO�FRPSRXQGV��([LVWHQWLDOO\��DQG�PRVW�SUHVVLQJO\��
ROG�JURZWK�JURYHV�SURYLGH�RXU�(DUWK�ZLWK�DSSUR[LPDWHO\�RQH�WKLUG�RI� LWV�RYHUDOO�
R[\JHQ��*LOKHQ�%DNHU��5RYLHOOR�DQG�%HUHVIRUG�.URHJHU���������ZKLOVW�IRUHVW�ÀRUDV�
SXULI\�WR[LQV�IURP�LQGXVWULDOO\�SROOXWHG�DLU��%HUHVIRUG�.URHJHU��������

3V\FKR�SK\VLRORJLFDOO\��WKH�LPPHUVLYH��SURSULRFHSWLYH�SUDFWLFH�RI�shinrin yoku 
�IRUHVW�EDWKLQJ�²LQ�ZKLFK�VXEMHFWV�LQKDOH�SK\WRQFLGHV��WKH�HVVHQWLDO�RLOV�HPLWWHG�
IURP�WUHHV��VXFK�DV�-DSDQHVH�FHGDU��Cryptomeria��DQG�+LQRNL�F\SUHVV��Chamaecy-
paris obtuse�²SURYHV�GHPRQVWUDEO\�H൶FDFLRXV��0RUH�VSHFL¿FDOO\��WKHVH�ELRJHQLF�
YRODWLOH�FRPSRXQGV�ERRVW�LPPXQH�V\VWHP�IXQFWLRQLQJ��,NHL��������/L�et al���������
DQG�WKH�JURZWK�RI�DQWL�FDQFHURXV�QDWXUDO�NLOOHU�DQG�7�FHOOV��/L�et al����������,QWULJX�
LQJO\��WKH�DYDLODEOH�SV\FKRORJLFDO�UHVHDUFK�DOVR�LQGLFDWHV�WKDW�WKH�H[SHULHQWLDO�IDV�
FLQDWLRQ� LQGXFHG� LQ� VXEMHFWV� H[SRVHG� WR� ELRGLYHUVH� DQG� YHU\� ODUJH� WUHH� YDULHWDOV�
PHDVXUDEO\�DOOHYLDWHV�V\PSWRPV�DVVRFLDWHG�ZLWK�DQ[LHW\��GHSUHVVLRQ��$'+'��DQG�
DXWLVP�VSHFWUXP�GLVRUGHU��.DSODQ��������

%H\RQG� WKHVH� EHQH¿FLDO� H൵HFWV�� IRUHVWV� SURYLGH� VXEMHFWV� ZLWK� RSSRUWXQLWLHV�
WR�HQJDJH�LQ�PLQGIXO��DXGLWRU\�OLVWHQLQJ��IRU� LQVWDQFH�� WR�IURJ�DQG�ELUG�VRQJ�DQG�
VWDUJD]LQJ��ZKLOH� IDFLOLWDWLQJ� WKH�SUHVHUYDWLRQ�DQG�FXOWLYDWLRQ�RI�FXOWXUDO�P\WKRV�
WKDW�DUH�FRQWLQJHQW�RQ�QDWXUDO�GDUNQHVV��$OWRJHWKHU��LW�LV�WKHUHIRUH�FOHDU�WKDW�V\OYDQ�
JURYHV�EHDU�DQ�LUUHSODFHDEOH�WUDQVIRUPDWLYH�DQG�UHVWRUDWLYH�SRZHU��IRU�LPPHUVLRQ�
LQ�WKHP�LV�SV\FKR�SK\VLRORJLFDOO\�KHDOLQJ�DORQJ�PXOWLSOH�GLPHQVLRQV�
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$�JLIW�IRU�D�JLIW��UHVWRULQJ�QDWXUDO�GDUNQHVV

*LYHQ�WKH�ZHDOWK�RI�PDWHULDO��SV\FKRORJLFDO��VSLULWXDO��HPRWLRQDO��DQG�UHVWRUDWLYH�
UHVRXUFHV�D൵RUGHG�WR�XV�E\�IRUHVWV��UHFLSURFLW\�VXJJHVWV�WKDW�ZH�KDYH�D�VWURQJ�UHOD�
WLRQDO�GXW\�WR�UHWXUQ�WKHLU�JHQHURVLW\�ZLWK�D�JLIW��7KH�SDUWLFXODU�UHFRPPHQGDWLRQ�
WKDW�,�KHUH�KDYH�LQ�PLQG�LV�E\�QR�PHDQV�ÀDVK\�RU�FRPSOH[��5DWKHU��,�VXJJHVW�WKDW�
ZH�RXJKW� WR�ZRUN� WRZDUG� WKH� UHVWRUDWLRQ�RU� FRQVHUYDWLRQ�RI� QDWXUDO� GDUNQHVV� LQ�
V\OYDQ�HFRV\VWHPV��7KRXJK�DW� WLPHV�VHHPLQJO\� LQWDQJLEOH�� IRUHVWV�DQG� WKHLU�ELR�
GLYHUVH�FRQVWLWXHQWV�require�QDWXUDO�GDUNQHVV� LQ�RUGHU� WR�ÀRXULVK��7KHLU�H൵HFWLYH�
UH�GDUNHQLQJ�WKHUHIRUH�VHUYHV�WR�³VXVWDLQ�WKH�RQHV�ZKR�VXVWDLQ�XV��>VXFK�WKDW�WKH\@�
ZLOO�ODVW�IRUHYHU´��.LPPHUHU��������S�������

'ZLQGOLQJ��HFRORJLFDO�GDUNQHVV

,QFUHDVLQJO\�� ZKLWH� DQG� KLJK�SUHVVXUH� LOOXPLQDWLRQ� GLVUXSWV� WKH� ÀRXULVKLQJ� RI� D�
UDQJH�RI�VSHFLHV��IURP�SROOLQDWRUV�DQG�QRFWXUQDO�PDPPDOV�WR�WUHHV�DQG�WKHLU�GLYHUVH�
JURYHV��&RQVHTXHQWO\��RQH�RI� WKH�JUHDW� ORVVHV� DVVRFLDWHG�ZLWK�GZLQGOLQJ�QDWXUDO�
GDUNQHVV�LV�DUWL¿FLDO�OLJKW¶V�GHWULPHQWDO�LPSDFWV�RQ�WKH�IXQFWLRQLQJ�DQG�ZHOOEHLQJ�
RI�IRUHVWHG�HFRV\VWHPV��7KH�ÀRXULVKLQJ�RI�IRUHVW�GZHOOHUV�LV�LPSHGHG��PRUH�VSHFL¿�
FDOO\�� IRU�DUWL¿FLDO� OLJKW�GLVUXSWV�FLUFDGLDQ� UK\WKPV��KLQGHUV�H൵HFWLYH�QDYLJDWLRQ��
DQG�UHPRYHV�WKH�FRYHU�D൵RUGHG�E\�QDWXUDO�GDUNQHVV�WKDW�VRPH�DQLPDOV�UHTXLUH�WR�
DYRLG�SUHGDWLRQ��$V�WKH�YDVW�PDMRULW\�RI�LQYHUWHEUDWHV�������DQG�PDPPDO�VSHFLHV�
�DQ� LQFUHGLEOH� ����� DUH� QRFWXUQDO�� WKH� SUHVHUYDWLRQ� RU� UHVWRUDWLRQ� RI� ELRGLYHUVH�
ÀRUD�DQG�IDXQD�requires�WKH�SUHVHUYDWLRQ��RU�UHVWRUDWLRQ��RI�QDWXUDO�GDUNQHVV��%HQ�
nie et al���������+|ONHU�et al���������

7R�LOOXPLQDWH�WKLV�FODLP�LQ�D�XVHIXO�DQG�PHDVXUHG�ZD\��,�ZLOO�VSHQG�VRPH�WLPH�
HYDOXDWLQJ�KRZ�OLJKW�SROOXWLRQ�QHJDWLYHO\�D൵HFWV�D�YDULHW\�RI�IRUHVW�GZHOOLQJ�VSH�
FLHV�� IUXJLYRURXV� DQG� LQVHFWLYRURXV� �IUXLW�� DQG� LQVHFW�FRQVXPLQJ�� EDWV�� LQYHUWH�
EUDWHV� �LQFOXGLQJ� LQVHFWV��� GLYHUVH� ÀRUD� �LQFOXGLQJ� WUHHV��� DQG� IXQJL�� &XULRXVO\��
ZKLOH�WKH�H൵HFWV�RI�DUWL¿FLDO�OLJKWLQJ�RQ�EDW�VSHFLHV�KDYH�EHHQ�H[WHQVLYHO\�FRYHUHG�
LQ�WKH�HPSLULFDO�OLWHUDWXUH��WKH�H൵HFWV�RI�DUWL¿FLDO�OLJKWLQJ�RQ�WUHHV�DQG�IXQJL�LQ�QRQ�
XUEDQ�VHWWLQJV�KDYH�QRW��$FFRUGLQJO\��P\�DQDO\VLV�RI�$/$1¶V�GHWULPHQWDO�H൵HFWV�
IRFXVHV�RQ�WKH�LQWHUGHSHQGHQW�LQWHUDFWLRQV�EHWZL[W�DQG�EHWZHHQ�WKH�GLYHUVH�VSHFLHV�
WKDW�GZHOO�WKHUHLQ��0RUH�VSHFL¿FDOO\��,�DQDO\VH�KRZ�WKHVH�VSHFLHV�SRVLWLYHO\²DQG��
DW�WLPHV��HVVHQWLDOO\²FRQWULEXWH�WR�WKH�HQWDQJOHG�ÀRXULVKLQJ�RI�WKH�IRUHVWHG�HFR�
V\VWHPV�WKH\�FDOO�KRPH��7KH�ORVV�RI�DQ\�RQH�VSHFLHV�WKHUHE\�FRQVWLWXWHV�D�VLJQL¿�
FDQW�KDUP�WR�WKH�ZLOGZRRG��$OWRJHWKHU��DV�ZH�Homo sapiens�RZH�D�VLJQL¿FDQW�GHEW�
LQ�UHFLSURFLW\�IRU�WKH�DEXQGDQFH�SURYLGHG�E\�WKHVH�V\OYDQ�]RQHV��ZH�DUH�HWKLFDOO\�
REOLJDWHG�WR�ZRUN�WRZDUG�WKHLU�H൵HFWLYH�UH�GDUNHQLQJ�

8QGHU�FRYHU�RI�GDUNQHVV��EDWV��VHHG�GLVSHUVDO��DQG�UHIRUHVWDWLRQ

7KLV�H[SORUDWLRQ�EHJLQV�ZLWK�DQ�H[DPLQDWLRQ�RI�WKH�KDUPIXO�H൵HFWV�RI�QLJKW�WLPH�
DUWL¿FLDO� OLJKWLQJ� RQ� RQH� QRFWXUQDO�� À\LQJ� PDPPDO�� ZKLFK� KDV� EHHQ� FXOWXUDOO\�
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DVVRFLDWHG�ZLWK�PHWDSKRULFDO�DQG�OLWHUDO�GDUNQHVV��7KRXJK�DW�WLPHV�XQQHFHVVDULO\�
IHDUHG��WKURXJK�H�J���WKHLU�SRUWUD\DO�LQ�%UDP�6WRNHU¶V�Dracula���EDWV�SOD\�DQ�LPSRU�
WDQW�HFRORJLFDO�UROH�LQ�WKH�FUHDWLRQ�DQG�PDLQWHQDQFH�RI�WURSLFDO�IRUHVWV��6HUYLQJ�DV�
VHHG�GLVSHUVLQJ�VWHZDUGV��SROOLQDWRUV��DQG�LQVHFW�VXSSUHVVRUV��%UDVLOHLUR��0DFKDGR�
DQG�$JXLDU���������EDWV�DUH�LQGLVSHQVDEOH�PHPEHUV�RI�DQG�FRQWULEXWRUV�WR�WKH�KHDOWK�
RI�WKH�ZLOGZRRG��/LJKW�SROOXWDQW�KDUPV�WR�EDWV�WKXV�FRQVWLWXWH�D�VHULHV�RI�LUUHSDUD�
EOH�KDUPV�ZKLFK�WKUHDWHQ�WKH�ZHOOEHLQJ�RI�WKH�IRUHVWV�LQ�ZKLFK�WKH\�GZHOO�

*LYHQ�WKHLU�QRFWXUQDO�VWDWXV��EDWV�DUH�SDUWLFXODUO\�VHQVLWLYH�WR�OLJKW��7KH\�SUHIHU�
D�FRYHU�RI�GDUNQHVV�so thick�WKDW�HYHQ�WKH�QDWXUDO�LOOXPLQDWLRQ�RI�RXU�PRRQ�UHGXFHV�
WKHLU� KXQWLQJ� DQG� IRUDJLQJ� DFWLYLWLHV� �0RUULVRQ�� ������ )OHPLQJ�� ������� ,QGHHG�
�DQG�SHUKDSV�FRXQWHU�LQWXLWLYHO\���LQVHFWLYRURXV�EDWV�UDUHO\�PD[LPLVH�WKH�SRWHQWLDO�
D൵RUGHG�E\�DUWL¿FLDO�OLJKWV��ZKLFK�WHQG�WR�DWWUDFW�D�UDQJH�RI�LQYHUWHEUDWH�LQVHFWV�LQWR�
WKHLU�JORZLQJ�¿HOG��6WRQH��-RQHV�DQG�+DUULV��������2012���,QVWHDG��EDWV¶�H[WUHPH�
OLJKW� VK\QHVV� SURPSWV� WKHP� WR� UHOLQTXLVK� WKHVH� YHULWDEOH� EDQTXHWV� LQ� IDYRXU� RI�
PDLQWDLQLQJ�DQ�REVFXUHG�VHQVH�RI� VDIHW\��%H\RQG� WKHVH�� WKH�FKDQJHV� LQGXFHG�E\�
$/$1�DUH� YDVW�� LQFOXGLQJ� ³D� GHOD\� WR� OHDYH� WKH� QHVW�� GHFUHDVHG� VH[XDO� DFWLYLW\��
FKDQJHV�LQ�ÀLJKW�VSHHG�DQG�SDWKV��WUDMHFWRU\��KHLJKW��DV�ZHOO�DV�VLJQL¿FDQW�LQFUHDVHV�
LQ�FROOLVLRQV��׽�����LQ�WKH�SUHVHQFH�RI�OLW�REVWDFOHV´��)DOFyQ�et al���������

)UXLW��DQG�QHFWDU�FRQVXPLQJ�EDWV�DUH�OLNHZLVH�D൵HFWHG�E\�$/$1��0RVW�DYRLG�
ZHOO�OLW�DUHDV��IRU�LOOXPLQDWLRQ�DOVR�UHQGHUV�WKHP�YXOQHUDEOH�WR�SUHGDWLRQ��/RZHU\��
%ODFNPDQ� DQG�$EEDW�� �������7KLV� LV� SDUWLFXODUO\�ZRUU\LQJ�� IRU� IUXJLYRURXV� EDWV�
SURYLGH�DQ�DUUD\�RI�LUUHSODFHDEOH�HFRV\VWHP�VHUYLFHV�WR�WKH�IRUHVWV�LQ�ZKLFK�WKH\�
GZHOO��0RUH�VSHFL¿FDOO\��IUXJLYRURXV�EDWV��LQFOXGLQJ�Leptonycteris curasoae��SRO�
OLQDWH� ÀRZHUV� DQG� GLVSHUVH� VHHGV�� FRQWULEXWLQJ� WR� WKH� JURZWK� DQG�ÀRXULVKLQJ� RI�
D� GLYHUVLW\� RI� SODQW� YDULHWDOV� �*KDQHP�DQG�9RLJW�� �������(YHQ�PRUH� SUHVVLQJO\��
IUXJLYRURXV�EDWV�FDQ�ZLWKVWDQG�KDELWDW�GLVWXUEDQFHV�SURGXFHG�ZKHQ�WURSLFDO�IRUHVWV�
DUH�FXOOHG�WR�PDNH�ZD\�IRU�DJULFXOWXUH�RU�OLYHVWRFN�JUD]LQJ��7KHVH�UHJLRQV�DUH�RIWHQ�
ODWHU�DEDQGRQHG�E\�IDUPHUV�GXH�WR�IDFWRUV�VXFK�DV�VRLO�GHSOHWLRQ��VR�WKHVH�UHJLRQV�
DUH� VXEMHFW� WR� GHYDVWDWLQJ� DQG� DODUPLQJO\� KLJK� UDWHV� RI� ELRGLYHUVLW\� ORVV��*LYHQ�
WKHLU�UROH�DV�WKH�SULPDU\�VHHG�GLVSHUVHUV�RI�SLRQHHULQJ��L�H���¿UVW�ZDYH��SODQW�YDUL�
HWDOV��0XVFDUHOOD�DQG�)OHPLQJ���������QHRWURSLFDO�IUXJLYRURXV�EDWV�VSXU�WKH�KHDOWK\�
UHJHQHUDWLRQ�DQG�UHIRUHVWDWLRQ�RI�GHSOHWHG�HFRORJLFDO�JURYHV�

+RZHYHU��JLYHQ�WKHLU�OLJKW�VK\QHVV��IUXJLYRURXV�EDWV�require�WKH�FRYHU�D൵RUGHG�
E\�QDWXUDO�GDUNQHVV�WR�VXFFHVVIXOO\�SURGXFH�WKHLU�³FRSLRXV�VHHG�UDLQ�������LQ�GHIRU�
HVWHG�KDELWDWV´��/HZDQ]LN�DQG�9RLJW���������$/$1�WKXV�KLQGHUV�UHIRUHVWDWLRQ�DQG�
VSXUV� IXUWKHU� ELRGLYHUVLW\� ORVV� E\�GLVVXDGLQJ� IUXJLYRURXV� EDWV� IURP�HQJDJLQJ� LQ�
WKHLU�LQWHJUDO�VWHZDUGVKLS�H൵RUWV�

$UWL¿FLDO�OLJKW¶V�HৼHFWV�RQ�SODQW�DQG�WUHH�VSHFLHV

3HUKDSV� VXUSULVLQJO\�� IHZ� VWXGLHV� KDYH� EHHQ� FRQGXFWHG� RQ� KRZ�$/$1� D൵HFWV�
SODQWV�LQ�QRQ�XUEDQ�RU�VXEXUEDQ�VHWWLQJV��'XH�WR�YDULDQFHV�LQ�OLJKWLQJ�LQWHQVLWLHV�
�FRPSDUH��VD\��WKH�GL൵XVH�LOOXPLQDWLRQ�RI�VN\JORZ�WR�WKH�GLUHFW�LOOXPLQDWLRQ�VKRQH�
E\�ZKLWH�/('�VWUHHWODPSV���LW�KDV�EHHQ�GL൶FXOW�WR�LVRODWH�DQG�PHDVXUH�WKH�SDUWLFX�
ODU�H൵HFWV�RI�GL൵HUHQW� OLJKWLQJ�NLQGV�� OHYHOV��DQG� LQWHQVLWLHV�� ,QVWHDG�� WKH�EXON�RI�
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UHVHDUFK�KDV�VR�IDU�IRFXVHG�RQ�DUWL¿FLDO�OLJKW¶V�H൵HFWV�RQ�HLWKHU�SODQWV�LQ�XUEDQ�VHW�
WLQJV�RU�PRUH�EURDGO\��RQ�SODQW�SROOLQDWRU�UHODWLRQVKLSV��*LDYL��)RQWDLQH�DQG�.QRS��
2021���:LWK�WKLV�LQ�PLQG��%HQQLH�et al���������S�������FDOO�RQ�HFRORJLVWV�WR�³GH¿QH�
HFRORJLFDOO\�PHDQLQJIXO�PHDVXUHV�RI�DUWL¿FLDO�OLJKW�LQ�WKH�QDWXUDO�HQYLURQPHQW�>LQ�
RUGHU�WR@�GHYHORS�XQGHUVWDQGLQJ�RI�WKH�WKUHVKROGV�DQG�GRVH�UHVSRQVH�UHODWLRQVKLSV�
RI�OLJKW�VHQVLWLYH�SURFHVVHV�LQ�SODQWV´�

,W�LV�FOHDU��QHYHUWKHOHVV��WKDW�ELRORJLFDO�EHLQJV�LQ�JHQHUDO²IURP�EDWV�DQG�KXPDQ�
EHLQJV� WR�EHHV�and� WUHHV²KDYH�HYROYHG�FLUFDGLDQ� UK\WKPV� WKDW� WUDFN� WUDQVLWLRQV�
IURP� GD\� WR� QLJKW�� 0RUH� SUHFLVHO\�� FLUFDGLDQ� UK\WKPV� VHUYH� DV� LQWHUQDO� FORFNV��
ZKLFK� UHJXODWH� DQ� RUJDQLVP¶V� VOHHS�ZDNH� F\FOHV�� LQÀXHQFH� WKHLU� EHKDYLRXU�� DQG�
GHWHUPLQH�RYHUDOO�PHWDEROLF�JURZWK�

%ULJJV� ������� SURYLGHV� D� WKRURXJK� DQG� FRPSHOOLQJ� UHYLHZ� RI� WKH� DYDLODEOH�
UHVHDUFK�LQWR�WKH�SK\VLRORJLFDO�H൵HFWV�RI�DUWL¿FLDO�OLJKW�RQ�WKH�FLUFDGLDQ�UK\WKPV�
RI�XUEDQ�DQG�VXEXUEDQ�SODQW�YDULHWDOV��$OWRJHWKHU��WKH�HPSLULFDO�HYLGHQFH�VXPPD�
ULVHG�GHPRQVWUDWHV�WKDW�DUWL¿FLDO�OLJKW�KDV�PHDVXUDEOH�DQG�VRPHWLPHV�GHWULPHQWDO�
H൵HFWV�RQ�WKH�VHDVRQ�UHODWLYH�WLPLQJ�RI�OHD¿QJ��EXG�EXUVW��DQG�ÀRZHULQJ�LQ�WUHHV�
DQG�SODQWV�PRUH�JHQHUDOO\��ZKLFK�LV��XQGHU�QDWXUDOO\�GDUN�FRQGLWLRQV��GHWHUPLQHG�
UHODWLYH� WR� GD\� OHQJWK� DQG� VHDVRQDOLW\� �)DOFyQ�� ������� ,Q� RWKHU�ZRUGV�� DV� DUWL¿�
FLDO�OLJKWLQJ�PLPLFV�ZHOO�OLW�GD\V�DQG�HPXODWHV�ORQJHU��EULJKWHU�VHDVRQV��LW�SURPSWV�
SODQWV�WR�EXG�HDUOLHU�DQG�ORVH�WKHLU�OHDYHV�ODWHU�LQ�WKH�\HDU��7KLV�LV�ZRUULVRPH��IRU�
VKLIWV� LQ�VHDVRQDO�F\FOHV�FRXOG�UHVXOW� LQ� WKH�SRWHQWLDO�GHV\QFKURQLVDWLRQ�EHWZHHQ�
SODQWV�DQG�WKH�SROOLQDWRU�SRSXODWLRQV�RQ�ZKLFK�WKH\�UHO\�IRU�VXFFHVVIXO�UHSURGXF�
WLRQ��GLVSHUVDO��DQG�JHQH�ÀRZ�

/DVW� EXW� FHUWDLQO\� QRW� OHDVW�� SODQWV�� OLNH� KXPDQV�� QHHG� UHVW��1DWXUDO� GDUNQHVV�
SURYLGHV�WKHP�ZLWK�WKH�SURSHU�FRQGLWLRQV�XQGHU�ZKLFK�WR�UHFRYHU�IURP�SK\VLRORJL�
FDO� VWUHVV�DQG�VWUDLQ� �)XWVDHWKHU�et al����������7KLV� LV�FUXFLDO�� IRU� UHVW� VWLPXODWHV�
VXFFHVVIXO�FDUERQ�PHWDEROLVP�WKURXJK�SKRWRV\QWKHVLV��UHVSLUDWLRQ��DQG�SKRWRUHVSL�
UDWLRQ��ZKLFK�HQDEOHV�SODQWV�WR�V\QWKHVLVH�VXQOLJKW�LQWR�IRRG��SURGXFH�R[\JHQ��DQG�
VHTXHVWHU�FDUERQ��*DVWRQ�et al����������%\�FRQWUDVW��WKH�VWUDLQ�RI�HQGXULQJ�FRQWLQX�
RXV�DUWL¿FLDO� OLJKWLQJ� LQKLELWV� WKLV�SURFHVV�E\� LQGXFLQJ�QHFURVLV� �FHOO� LQMXU\��DQG�
FKORURVLV��WKH�\HOORZLQJ�RI�OHDYHV���9HOH]�5DPLUH]�et al���������

$UWL¿FLDO�OLJKW��PRWKV��DQG�QLJKW�EORRPLQJ�ÀRZHUV

7KH�EXON� RI� RXU� SODQHW¶V� ELRGLYHUVLW\� LV� FRPSULVHG� RI� LQYHUWHEUDWHV�� LQFOXGLQJ� D�
PLQG�QXPELQJ�YDULHW\�RI�LQVHFW�VSHFLHV��)DPLOLDUO\��LQVHFWV�DUH�KLJKO\�DWWUDFWHG�WR�
DUWL¿FLDO�LOOXPLQDWLRQ��IRU�LW�HPXODWHV�WKH�ZKLWH�JORZ�RI�OXPLQRXV�PRRQOLJKW��7KLV�
LV�SUREOHPDWLF��IRU�LQ�VRPH�FDVHV�LW�UHQGHUV�LQVHFWV�YXOQHUDEOH�WR�SUHGDWLRQ�E\�RZOV��
UHSWLOHV��VSLGHUV��DQG�DPSKLELDQV��+LJKO\�UHÀHFWLYH�VXUIDFHV�RQO\�PDJQLI\�WKLV�FRQ�
FHUQ��IRU�WKHLU�WZLQNOH�DWWUDFWV�SROOLQDWRUV��LQFOXGLQJ�PRWKV��DQG�GLVUXSWV�WKH�OLIHF\�
FOHV�RI�DTXDWLF�LQVHFWV�E\�GUDZLQJ�WKHP�RXW�RI�DQG�DZD\�IURP�ZDWHU��%UXFH�:KLWH�
DQG�6KDUGORZ���������$V�WKLV�FKDSWHU�VHHNV�WR�UHFRPPHQG�VWUDWHJLHV�WKDW�FRQWULE�
XWH�WR�WKH�ÀRXULVKLQJ�RI�WKH�ZLOGZRRG��,�HYDOXDWH�WKH�WKUHDWV�SRVHG�E\�$/$1�WR�
QRFWXUQDO��pollinating insects� LQ�SDUWLFXODU��$IWHU�DOO�� WKH�ÀRXULVKLQJ�RI�ÀRZHULQJ�
SODQWV��LQFOXGLQJ�WKHLU�VXFFHVVIXO�UHSURGXFWLRQ�DQG�WKH�PDLQWHQDQFH�RI�WKHLU�JHQHWLF�
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GLYHUVLW\��UHTXLUHV�WKH�SROOLQDWLQJ�ODERXUV�RI�PRWKV��EHHV��QHFWDULYRURXV�EDWV��DQG�
ÀLHV��,QGHHG��QHFWDULYRURXV�LQVHFWV�DUH�UHVSRQVLEOH�IRU�WKH�EXON�RI�WKLV�HQWRPRSKLO\�

2QH� QRFWXUQDO� VSHFLHV� LV� SULPDULO\� UHVSRQVLEOH� IRU� WKH� SROOLQDWLRQ� RI� QLJKW�
EORRPLQJ�ÀRZHUV��WKH�HWKHUHDO��LOOXVWULRXV��DQG�HOXVLYH�PRWK��/HSLGRSWHUD���2YHU�
WKH�FRXUVH�RI�WKHLU�DGXOW�OLIHF\FOHV��WKH�UHODWLRQVKLS�EHWZHHQ�ÀRUD�DQG�PRWK�JURZV�
DQG� GHHSHQV�� IRU� WKH� QHFWDU� WKDW� RQFH� VHUYHG� DV� WKHLU� SULPDU\� VRXUFH� RI� VXVWH�
QDQFH�WKHQ�HYHQWXDOO\�IHHGV�WKHLU�\RXQJ��0DF*UHJRU�et al����������5HFLSURFDOO\��
WKH�ÀRXULVKLQJ�RI�ZKLWH�YDULHWDOV�ZLWK�VZHHW��KHDY\�IUDJUDQFHV��LQFOXGLQJ�MDVPLQH�
(Jasminum��DQG�ERJ�RUFKLGV� �Platanthera leucostachys��� UHTXLUH� WKH�GLVWULEXWLYH�
HFRV\VWHP�VHUYLFHV�D൵RUGHG�E\�PRWKV��,QGHHG��IURP�WURSLFDO�UDLQIRUHVWV�WR�FRQLIHU�
RXV�IRUHVWV��PRWKV��LQFOXGLQJ�6SKLQJLGDH��1RFWXLGDH��DQG�*HRPHWULGDH��FRQWULEXWH�
LQGLVSHQVDEO\�WR�WKH�ZHOOEHLQJ�DQG�IXQFWLRQLQJ�RI�WKH�FRPSOH[��YDULHG��DQG�HQWDQ�
JOHG�HFRV\VWHPV�LQ�ZKLFK�WKH\�GZHOO��:LQIUHH��%DUWRPHXV�DQG�&DULYHDX���������
$FFRUGLQJO\�� WKHLU� ORVV�ZRXOG�FRQVWLWXWH�DQ� LUUHSDUDEOH�VHULHV�RI�KDUPV� WR�ELRGL�
YHUVH��QLJKW�EORRPLQJ�SODQWV�

7UDJLFDOO\�� QRFWXUQDO� PRWK� SRSXODWLRQV� KDYH� GHFOLQHG� E\� DQ� RYHUZKHOPLQJ�
two-thirds�VLQFH�WKH�HDUO\�����V��)R[�et al����������,Q�DGGLWLRQ�WR�FOLPDWH�FKDQJH�
DQG�KDELWDW�GHJUDGDWLRQ��WKH�DYDLODEOH�HYLGHQFH�VWURQJO\�VXJJHVWV�WKDW�$/$1�PD\�
EH� GULYLQJ� SRSXODWLRQ� GHFUHDVHV� LQ� *UHDW� %ULWDLQ�� WKH� 1HWKHUODQGV�� DQG� )LQODQG�
(+|ONHU�et al���������)R[��������0DF*UHJRU�et al����������/LNH�RWKHU�QRFWXUQDO�DQL�
PDOV��$/$1�D൵HFWV�PRWK�SRSXODWLRQV�DORQJ�D�IHZ�GLPHQVLRQV��,OOXPLQDWLRQ�SRVHV�
D�WKUHDW�WR�QRFWXUQDO�PRWKV��IRU�LW�ERWK�UHQGHUV�WKHP�KLJKO\�YXOQHUDEOH�WR�SUHGDWLRQ�
DQG�LPSHGHV�WKHLU�FDSDFLW\�WR�UHSURGXFH�VXFFHVVIXOO\��(YHQ�³ORZ�OHYHOV�RI�DUWL¿FLDO�
OLJKW�>KDYH�EHHQ�VKRZQ�WR@�LQKLELW�WKH�UHOHDVH�RI�VH[�SKHURPRQHV�LQ�IHPDOH�PRWKV�
RI�WKH�*HRPHWULGDH�VSHFLHV´��6RZHU��6KRUH\�DQG�*DVWRQ���������ZKLOH�VLPXOWDQH�
RXVO\�GLVUXSWLQJ�WKH�KHDOWK\�GHYHORSPHQW�DQG�JURZWK�RI�PRWK�ODUYDH��)XUWKHUPRUH��
PRWK� QDYLJDWLRQ� LV� SDUWLDOO\� GULYHQ� E\� WKHLU� VHQVLWLYH� YLVLRQ�� D� IXQFWLRQ� RI� WKHLU�
FRPELQHG�VLPSOH�DQG�FRPSRXQG�H\HV��)UDQN���������$V�EULJKW�OLJKW�REVFXUHV�WKH�
89�PDUNLQJV�RQ�ÀRZHUV��WKHVH�QHFWDU�IRUDJHUV�DUH�WKHUHE\�XQDEOH�WR�VXFFHVVIXOO\�
ORFDWH�DQG�ODQG�RQ�WKHLU�SUHIHUUHG�VRXUFHV�RI�VXVWHQDQFH��'DYLHV��%HQQLH�DQG�,QJHU��
�������%\�H[WHQVLRQ��$/$1�KLQGHUV�WKHLU�VXFFHVVIXO�SROOLQDWLRQ�H൵RUWV��,Q�VRPH�
FDVHV�� LW�GHOD\V� WKHLU�QRFWXUQDO�� IRUDJLQJ�DFWLYLWLHV� DOWRJHWKHU� �IRU�� ORQJ�DIWHU� WKH�
VXQVHWV��PRWKV�FRQWLQXH�WR�VHQVH�WKHLU�VWLOO�EULJKW�ZRUOG�DV�³VWLOO�GD\´��

*LYHQ�WKHLU�LQWHJUDO�HFRORJLFDO�UROH��$/$1¶V�GHOHWHULRXV�H൵HFWV�RQ�PRWK�VSHFLHV�
DUH�SRWHQWLDOO\�PRPHQWRXV��GHWUDFWLQJ�IURP�WKH�IXQFWLRQDO�ZHOOEHLQJ�DQG�IXQFWLRQ�
LQJ�RI�WKHLU�ELRGLYHUVH�HFRV\VWHPV��0DF*UHJRU�et al����������7KH�ORVV�RI�QRFWXUQDO�
PRWKV�WKHUHE\�FRQVWLWXWHV�D�VLJQL¿FDQW�KDUP�WR�WKH�ÀRXULVKLQJ�RI�WKH�ZLOGZRRG�

$/$1��P\FHOLDO�KHDOWK��DQG�ZDWHU�SROOXWLRQ

)XQJL�SOD\�D�YDULHW\�RI�FUXFLDO�UROHV� LQ�IRUHVWHG�HFRV\VWHPV��,Q� WKHLU�FDSDFLW\�DV�
GHFRPSRVLQJ�VDSUREHV��WKH\�LQGLVSHQVDEO\�UHF\FOH�OLWWHU��LQFOXGLQJ�OHDYHV��ZRRG��
DQG�QHHGOHV��LQWR�QXWULHQW�GHQVH�VRLO��)XQJL��IXUWKHUPRUH��SDUWLFLSDWH�LQ�D�FRPSOH[�
ZHE�RI�QXWULHQW�DQG�FKHPLFDO�H[FKDQJHV�ZLWK�GLYHUVH�WUHH�VSHFLHV��)RU�H[DPSOH��
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P\FRUUKL]DO�IXQJL�FDUU\�H[FHVV�QLWURJHQ�IURP�DOGHU�WR�SLQH�WUHHV�WKURXJK�DQ�LQWHU�
ZRYHQ�DQG�PXWXDOLVWLF�XQGHUJURXQG�QHWZRUN��$OGHU��PRUH�VSHFL¿FDOO\��DUH�HVSH�
FLDOO\� QLWURJHQ�ULFK�� \HW� LQ� D� VSHFWDFXODUO\� FRRSHUDWLYH� IDVKLRQ�� FRQWULEXWH� WKLV�
H[FHVV� DEXQGDQFH� WR� WKHLU� QLWURJHQ�SRRU� SODQW� QHLJKERXUV�� LQFOXGLQJ� SLQH� WUHHV�
(6LPDUG���������7KH�H[FKDQJH�EHWZHHQ�DOGHU�DQG�SLQH��KRZHYHU��UHTXLUHV�DQ�LQWHU�
PHGLDU\��D�UROH�IXO¿OOHG�DQG�IDFLOLWDWHG�E\�WKH�P\FRUUKL]DO�IXQJL�WKDW�FRORQLVH�WKH�
URRWV�RI�ERWK�VSHFLHV��,Q�WHUPV�RI�WKHLU�UHFLSURFDO�ÀRXULVKLQJ��IXQJL�EHQH¿W�IURP�
WKHLU�SDUWLFLSDWLRQ�LQ�WKLV�PXWXDOLVWLF��IRUHVWHG�H[FKDQJH�WKURXJK�WKH�FDUERK\GUDWHV�
WKDW�WKH\�LQ�WXUQ�UHFHLYH��7KXV��WKLV�V\PELRWLF�SURFHVV�FRQWULEXWHV�WR�WKH�JURZWK�DQG�
eudaemonia�RI�DOO�WKUHH��HQWDQJOHG�EHLQJV�

5HODWLYHO\�OLWWOH�HPSLULFDO�ZRUN�KDV�EHHQ�FRQGXFWHG�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�
LQFUHDVHV�LQ�$/$1�DQG�IRUHVW�GZHOOLQJ�IXQJL��1HYHUWKHOHVV��ZH�FDQ��ZLWK�D�UHD�
VRQDEO\�KLJK�GHJUHH�RI�DFFXUDF\��LQIHU�LWV�H൵HFWV�LQ�WKH�SURYHUELDO�ZLOG��IRU�$/$1�
GHPRQVWUDEO\�VWXQWV�WKH�JURZWK�RI�IXQJDO�IUXLWLQJ�ERGLHV�VXFK�DV�PXVKURRPV�DQG�
P\FHOLD��ZKLOH�VLPXOWDQHRXVO\�LPSHGLQJ�IXQJL¶V�FDSDFLW\�WR�HQJDJH�LQ�H൶FDFLRXV�
OLWWHU�GHFRPSRVLWLRQ��3X�et al����������&RQWUROOHG�ODERUDWRU\�VWXGLHV�KDYH�VKRZQ��
IRU� H[DPSOH�� WKDW� OLJKW� KLQGHUV�P\FHOLDO� JURZWK� LQ� MDFN�R¶�ODQWHUQ� �Omphalotus 
olearius���ELWWHU�R\VWHU��Panels stipticus���KRQH\�IXQJXV��Armillaria mellea���DQG�
Mycena citricolor�PXVKURRPV��0RUH�SUHFLVHO\��:HLW]�et al���������REVHUYHG�WKDW�
DOO�IRXU�VSHFLHV�XQGHUZHQW�D�GHFUHDVHG�SHULRG�RI�JURZWK�ZKHQ�SODFHG�XQGHU��DUWL�
¿FLDOO\�EULJKW��OLJKW�IRU�D����KRXU�SHULRG��:RUU\LQJO\��A. melea�IDLOHG�WR�SURGXFH�
UKL]RPRUSKV� �WKDW� LV�� K\SKDH� VWUDQGV�� XQGHU� any� DUWL¿FLDO� OLJKW� ZKDWVRHYHU�� %\�
FRQWUDVW��D����KRXU�SHULRG�RI� WRWDO�GDUNQHVV�SURYHG�RSWLPDO� IRU�P\FHOLDO�JURZWK�
DFURVV�DOO�IRXU�VSHFLHV��*HQHUDOLVLQJ�IURP�WKHVH�VWXGLHV��LW�LV�UHDVRQDEOH�WR�LQIHU�WKDW�
$/$1�ZLOO�KDYH�PHDVXUDEOH��DQG�SRWHQWLDOO\�GHWULPHQWDO��H൵HFWV�RQ�WKH�JURZWK�RI�
ZLOG�IXQJL�LQ�IRUHVWHG�VHWWLQJV��WRR�

,Q�DGGLWLRQ�WR�VWXQWLQJ�IXQJDO�JURZWK��WKH�SUHVHQFH�RI�$/$1�D൵HFWV�DQG�DOWHUV�
³IXQJDO� FRPPXQLW\� FRPSRVLWLRQ� DQG� WKH� FRUUHODWLRQV� EHWZHHQ� IXQJL� VSHFLHV´�
ZKLOH�VLPXOWDQHRXVO\�RYHU�VWLPXODWLQJ�RU� LQKLELWLQJ� WKHLU�FDSDFLW\� WR�HQJDJH� LQ�
H൶FDFLRXV� OLWWHU�GHFRPSRVLWLRQ� �3X�et al����������)XUWKHUPRUH��ZKHQ� IXQJL�DUH�
RYHUO\�VWLPXODWHG�E\�DUWL¿FLDO�OLJKW�� WKH\�HQJDJH�LQ�WKH�K\SHU�GHFRPSRVLWLRQ�RI�
OLWWHU��$V�D�UHVXOW��WR[LF�TXDQWLWLHV�RI�DUVHQLF��3X�et al���������DQG�FDGPLXP�DUH�
UHOHDVHG�LQWR�DTXDWLF�VWUHDPV��,Q�RQH�VWXG\��$/$1�VWLPXODWHG�IXQJDO�OLWWHU�GHFRP�
SRVLWLRQ�WR�VXFK�DQ�H[WHQW�WKDW�FDGPLXP�WR[LFLW\�LQ�QHDUE\�DTXDWLF�VWUHDP�EHGV�
LQFUHDVHG�E\�DQ�RYHUZKHOPLQJ������/LX�et al����������7KH�H൵HFWV�RI�WKLV�SURFHVV�
DUH��RI�FRXUVH��GHOHWHULRXV��IRU�³IXQJL�������SOD\�NH\�UROHV�LQ�WKH�FDUERQ�DQG�QXWUL�
HQW�G\QDPLFV�RI� VWUHDP�HFRV\VWHPV´�\HW�³DUH�PRUH�VHQVLWLYH� WR�SROOXWDQWV� WKDQ�
EDFWHULD´��/LX�et al���������

$OWRJHWKHU�� WKH� SUHVHQFH� RI� DUWL¿FLDO� OLJKWLQJ� FOHDUO\� D൵HFWV� IXQJDO�� IRUHVWHG�
FRPPXQLWLHV�DORQJ��DW�OHDVW��WZR�GLPHQVLRQV��LW�KLQGHUV�WKHLU�KHDOWKIXO�JURZWK�DQG�
LPSHGHV�WKHLU�FDSDFLW\�WR�HQJDJH�LQ�WKH�H൶FDFLRXV�DQG�PHDVXUHG�GHFRPSRVLWLRQ�RI�
IRUHVW�GHWULWXV��*LYHQ�WKH�FUXFLDO�UROH�WKDW�IXQJL�SOD\�LQ�IRUHVWHG�HFRV\VWHPV��KDUPV�
WR�IXQJL�FRQVWLWXWH�D�VHULHV�RI�ERWK�GLUHFW�DQG�LQGLUHFW�KDUPV�WR�IRUHVWV��FRQFHLYHG�
RI�DV�ZKROHV�
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Conclusions

(FRORJLFDO�QHWZRUNV�DQG�HQWDQJOHG�ÀRXULVKLQJ

7KURXJKRXW�WKLV�FRQFHSWXDO�IRUD\�LQWR�WKH�ZLOGZRRG��DVVHVVPHQWV�RI�GLYHUVH�EHLQJV�
KDYH�PDGH�H[SOLFLW�UHIHUHQFH�WR�WKH�LQGLVSHQVDEOH�DQG�HQWDQJOHG�HFRV\VWHP�VHUYLFHV�
WKDW�HDFK�VSHFLHV�SURYLGHV��7KHVH�FRPPXQLW\�VWUXFWXUHV��LQFOXGLQJ�³WKH�RFFXUUHQFH�
�DQG�IUHTXHQF\��RI�LQWHUDFWLRQV�EHWZHHQ�VSHFLHV��VXFK�DV�SODQWV�DQG�SROOLQDWRUV´��
DUH� EHVW� GHVFULEHG� DV�ecological networks (0RQWR\D��3LPP�DQG�6ROp�� ������� ,Q�
DGGLWLRQ��WKHLU�UREXVWQHVV�RU�UHVLOLHQF\�UHIHUV�WR�HDFK�QHWZRUN¶V�DELOLW\�WR�ZLWKVWDQG�
GUDVWLF�FKDQJHV�RU�SHUWXUEDWLRQV�WR�WKHLU�RYHUDOO�FRPSRVLWLRQ��WKURXJK��IRU�LQVWDQFH��
H[WLUSDWLRQ�RU�VSHFLHV�ORVV��(YDQV��3RFRFN�DQG�0HPPRWW��������

'ULYHUV�RI�HFRORJLFDO�FKDQJH��LQFOXGLQJ�JOREDO�ZDUPLQJ�DQG�GUDPDWLF�LQFUHDVHV�
LQ� OLJKW� SROOXWLRQ�� KDYH� PHDVXUDEOH� H൵HFWV� RQ� QHWZRUN� UHVLOLHQF\�� :KHQ�� IRU�
H[DPSOH��FRQVLGHULQJ�WKH�LPSRUWDQW�QHWZRUNV�WKDW�HPHUJH�IURP�LQWHUUHODWLRQVKLSV�
EHWZHHQ�SODQWV�DQG�SROOLQDWRUV��LW�LV�FOHDU�WKDW�WKH�ORVV�RI�RQH�KDV�GUDPDWLF�DQG��DW�
WLPHV��LUUHSDUDEOH�FRQVHTXHQFHV�RQ�WKH�ÀRXULVKLQJ�RI�WKH�RWKHU�

$V� DQ� LVRODWHG� SKHQRPHQRQ�� WKH� H൵HFWV� RI� OLJKW� SROOXWLRQ� RQ� HFRORJLFDO� QHW�
ZRUNV�KDV�QRW�\HW�EHHQ�KROLVWLFDOO\�DQG�H[SOLFLWO\�VWXGLHG��0DF*UHJRU�et al����������
1HYHUWKHOHVV��WKH�DYDLODEOH�HPSLULFDO�GDWD�does�FOHDUO\�GHPRQVWUDWH�WKDW�QRFWXUQDO�
PRWKV��SODQW�DQG�WUHH�SRSXODWLRQV��P\FHOLD��DQG�LQVHFWLYRURXV�DQG�IUXJLYRURXV�EDWV�
DUH�WKUHDWHQHG�E\�H[SDQGLQJ�XUEDQLVDWLRQ�DQG�WKH�DUWL¿FLDO�OLJKW�DW�QLJKW�WKDW�LW�KHU�
DOGV��,W�LV�WKXV�UHDVRQDEOH�WR�LQIHU�WKDW�$/$1¶V�GHWULPHQWDO�LPSDFWV�RQ�WKH�VSHFLHV�
RXWOLQHG�KHUHLQ�ZLOO��E\�H[WHQVLRQ�� VSXU�D� VHW�RI�FDVFDGLQJ�FRQVHTXHQFHV� IRU� WKH�
HFRORJLFDO�QHWZRUNV�LQ�ZKLFK�WKH\�GZHOO��,Q�VXP�DQG�PRVW�SUHVVLQJO\��WKH�ÀRXULVK�
LQJ�RI�WKH�ZLOGZRRG�LV�WKUHDWHQHG�E\�HYHU�LQFUHDVLQJ�TXDQWLWLHV�RI�$/$1�

'DUNQHVV�DQG�WKH�PLWLJDWLRQ�RI�FOLPDWH�FKDQJH

,QWHUZRYHQ� LQWR� WKLV� DQDO\VLV� KDV� EHHQ� DQ� LPSOLFLW� JHVWXUH� WRZDUG� WKH� FOLPDWH�
LPSDFWV�RI� OLJKW�SROOXWLRQ��DQ� LQGLUHFW�\HW�SUREOHPDWLF�SURGXFW�RI� LWV�GHWULPHQWDO�
H൵HFWV�RQ�ELRGLYHUVH��IRUHVWHG�HFRV\VWHPV��0RUH�VSHFL¿FDOO\��IRUHVWV�GHPRQVWUDEO\�
VHUYH�DV�FDUERQ�VLQNV��IRU�WKH\�ORFN�RYHUDEXQGDQW�DWPRVSKHULF�&22�LQWR�WKH�WUHHV��
JUDVVHV��VKUXEV��DQG�P\FHOLDO�QHWZRUNV�WKDW�WRJHWKHU�FRPSULVH�WKHP��2OG�JURZWK�
IRUHVWV� DFFRXQW� IRU� DERXW� ���� RI� FDUERQ� VHTXHVWUDWLRQ� JOREDOO\� �*LOKHQ�%DNHU��
5RYLHOOR�DQG�%HUHVIRUG�.URHJHU��������DQG�UHO\�RQ�WKHLU�KHDOWK\�P\FHOLDO�QHWZRUNV�
LQ�RUGHU�WR�ÀRXULVK��+RZHYHU��WKH�DYDLODEOH�HPSLULFDO�HYLGHQFH�VWURQJO\�VXJJHVWV�
WKDW�$/$1�KLQGHUV�ERWK�WKH�P\FHOLDO�DQG�UDGLDO��IUXLWLQJ�ERG\��JURZWK�RI�IXQJL��$V�
VXFK��$/$1�DOVR�SRVHV�D�WKUHDW�WR�WKH�FRQWLQXHG�JURZWK�RI�ROG�JURZWK�WUHHV�ZKLOH�
VLPXOWDQHRXVO\�SUHYHQWLQJ�IXQJL�IURP�IXO¿OOLQJ�WKHLU�FDUERQ�VHTXHVWHULQJ�UROH�

:H�KDYH� VHHQ�� LQ� DGGLWLRQ�� WKDW� DQ�RYHUDEXQGDQFH�RI� DUWL¿FLDO� OLJKWLQJ� LQ� WKH�
WURSLFV�GLVVXDGHV�QRFWXUQDO�NH\VWRQH�VSHFLHV��LQFOXGLQJ�EDWV��IURP�HQJDJLQJ�LQ�WKHLU�
H൶FDFLRXV�SROOLQDWLRQ�DQG�VHHG�GLVSHUVDO�H൵RUWV��$V�D�UHVXOW��GHIRUHVWHG�UHJLRQV��
PRUH�VSHFL¿FDOO\�WKRVH�WKDW�KDYH�EHHQ�FOHDU�FXW�WR�PDNH�ZD\�IRU�PRQR�DJULFXOWXUH�
SODQWDWLRQV��DUH�VORZHU�WR�UHJHQHUDWH�WKURXJK�IUHVK�JURZWK��7KLV�LPSOLHV�WKDW�OLJKW�
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SROOXWLRQ�DOVR�indirectly�FRQWULEXWHV�WR�FOLPDWH�FKDQJH��IRU�LW�KLQGHUV�WKH�UHJHQHUD�
WLRQ�RI�IRUHVWV�ZKLFK�XQGHU�QDWXUDOO\�GDUN�FRQGLWLRQV�ZRXOG�EH�VXFFHVVIXOO\�VHHGHG�
DQG�FRXOG�WKHUHE\�VHUYH�DV�H൶FDFLRXV�FDUERQ�VLQNV�

$�UHODWLRQDO�GXW\�WR�UH�GDUNHQ�IRUHVWV

$OWRJHWKHU��UHODWLRQDOLVP�UHFRPPHQGV�D�VHW�RI�GXWLHV��HSLVWHPLFDOO\�WR�OHDUQ�DERXW�
DQG�HWKLFDOO\�WR�LQYHVW�LQ�WKH�UHQHZDO�RI�KHDOWK\��UHJXODWLYH��DQG�V\QHUJLVWLF�HFRORJL�
FDO�UHODWLRQVKLSV��7KH�SDUWLFXODULWLHV�RI�HQYLURQPHQWDO�HWKLFDO�SUHVFULSWLRQV�VKRXOG�
WDNH�WKH�FRQWH[WXDO�IHDWXUHV�RI�WKH�ÀRUD�DQG�IDXQD�WKDW�DUH�HQGHPLF�WR�HDFK�V\OYDQ�
VSDFH� LQWR�DFFRXQW�� IRU� WKHLU�YDU\LQJ�QHHGV�ZLOO�PRWLYDWH�YDU\LQJ�FRQVWUDLQWV�RQ�
DQWKURSRJHQLF�EHKDYLRXU��1HYHUWKHOHVV��RQH� UHFRPPHQGDWLRQ�FDQ�EH�JHQHUDOLVHG�
DFURVV� IRUHVWHG�HFRV\VWHPV�� LQ� UHFLSURFDO�JUDWLWXGH�IRU� WKH�PXOWLSOLFLW\�RI�V\OYDQ�
JLIWV� UHFHLYHG��ZH�Homo sapiens��TXLWH�VLPSO\��DUH�HWKLFDOO\�REOLJDWHG� WR�UHVWRUH�
WKHLU�QDWXUDO�GDUNQHVV�

3UDFWLFDOO\��WKLV�FDQ�EH�DFKLHYHG�E\�GLYHUVH�PHDVXUHV�LQFOXGLQJ�HPSOR\LQJ�RQO\�
VRIW�� ZDUP�WRQHG�� PRWLRQ�DFWLYDWHG�� DQG� ORZ�SUHVVXUH� VRGLXP� EXOEV�� FRQVWUXFW�
LQJ�ZLGHVSUHDG�DQG�ZHOO�QHWZRUNHG�ZLOGOLIH�FRUULGRUV��DQG�GHYLVLQJ�ORFDO�SROLFLHV�
WKDW�FRQVWUDLQ�OLJKWLQJ�WUHVSDVV�QHDU�V\OYDQ�]RQHV��'LOO��������/HZDQ]LN�DQG�9RLJW��
�������7KH�FRQVWUXFWLRQ�RI�LQWHUFRQQHFWHG�DQG�QDWXUDOO\�GDUN�ZLOGOLIH�FRUULGRUV�LV�
SDUWLFXODUO\�H൶FDFLRXV��IRU�WKH\�H[KLELW�ORZ�GHJUHHV�RI�WR[LF�DQWKURSRJHQLF�LQÀX�
HQFH�DQG�FRQVLVW�RI�³LQWHUVSHUVHG�>DQG@�SHUL�XUEDQ�VSDFHV��ZKLFK�EOHQG�>WKH@�EDU�
ULHUV�EHWZHHQ�GHYHORSHG�DQG�PRUH�WKDQ�KXPDQ�UHDOPV´��'LOO��������S�������(YHQ�
ZKHQ�UHODWLYHO\�VPDOO��WKHVH�UHJLRQV�GHPRQVWUDEO\�DOORZ�IRU�WKH�XQLPSHGHG�PLJUD�
WLRQ�RI�PRUH�WKDQ�KXPDQ�EHLQJV�� LQFOXGLQJ�EDWV�� EHWZHHQ� IUDJPHQWHG� D൵RUHVWHG�
]RQHV��)XUWKHUPRUH��DV�GDUNQHVV�FRUULGRUV�XWLOLVH�PRWLRQ�DFWLYDWHG�OLJKWLQJ�DORQJ�
WKHLU�ERUGHUV��WKHLU�FRQVWUXFWLRQ�HQVXUHV�WKDW�LOOXPLQDWLYH�WUHVSDVV�UHPDLQV�PLQLPDO�
DQG�OLPLWHG��7KXV��E\�SUHVHUYLQJ�RU�UH�LQVWDWLQJ�QDWXUDO�GDUNQHVV�LQ�WKHVH�FRUGRQHG�
R൵�UHJLRQV��ZH�ZLOO�E\�H[WHQVLRQ�VXFFHVVIXOO\�re-wild�WKHP�

$OO�WKLQJV�WROG��WKH�FXOWLYDWLRQ�RI�UHODWLRQDO�eudaemonia�EHWZHHQ�KXPDQV�DQG�IRU�
HVWHG�HFRV\VWHPV�UHTXLUHV�WKH�LPSOHPHQWDWLRQ�RI�ZLVH�DQG�FRQVLGHUDWH�ERXQGDULHV��
ZKLFK�XOWLPDWHO\� FRQWULEXWH� WR� WKH�ZHOOEHLQJ�RI� WKRVH� FRPSOH[� HFR�UHODWLRQVKLSV� 
LQ�ZKLFK�ZH�¿QG�RXUVHOYHV�HPEHGGHG��7RZDUG�WKLV�HQG��ZH�DUH�FDOOHG�RQ�WR�PLQG�
IXOO\� VDFUL¿FH� RXU� GLXUQDO� SUHFRQFHSWLRQV� RI� FRPIRUW� DQG� D� JOREDO� DGGLFWLRQ� WR�
K\SHU�LOOXPLQDWLRQ�LQ�IDYRXU�RI�WKH�GHHS��GDUN��DQG�ÀRXULVKLQJ�wildZRRG�
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