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water filtration, nutrient cycling, habitat stabilization, and food web enhancement, but causes 
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H98-.-62.9833(<Actinonaias pectorosa) has suffered precipitous declines since approximately 2016. 
Using metagenomics, we identified 17 novel viruses in Clinch River pheasantshells. However, only 
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Clinch densovirus 1 was 11.2 times more likely to be found in cases (moribund mussels) than controls 
(apparently healthy mussels from the same or matched sites), and cases had 2.7 (log10=(24/8.(94J981(
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shrimp, cockroaches, crickets, moths, crayfish, and sea stars. Viral infection warrants consideration 
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'SFTIXBUFS�NVTTFMT�	PSEFS�6OJPOJEB
�BSF�JNQPSUBOU�NFNCFST�PG�GSFTIXBUFS�CJPNFT�QSPWJEJOH�FDPTZTUFN�
TFSWJDFT�TVDI�BT�XBUFS�fiMUSBUJPO�OVUSJFOU�DZDMJOH�BOE�EFQPTJUJPO�QIZTJDBM�IBCJUBU�TUBCJMJ[BUJPO�BOE�GPPE�XFC�
FOIBODFNFOU���.VTTFMT�fiMUFS�GFFE�PO�CBDUFSJB�TVTQFOEFE�BMHBF�EFUSJUVT�QIZUPQMBOLUPO�BOE�[PPQMBOLUPO��
SFNPWJOH�TVTQFOEFE�QBSUJDVMBUF�NBUUFS�GSPN�UIF�XBUFS�DPMVNO�BOE�GSPN�JOUFSTUJUJBM�TQBDFT�XJUIJO�UIF�TVCTUSBUF��
%VSJOH�QFSJPET�PG�MPX�TVNNFS�EJTDIBSHF�JO�TNBMM�SJWFST�NVTTFM�BTTFNCMBHFT�BSF�DBQBCMF�PG�DJSDVMBUJOH�XBUFS�
BT�JU�GM XT�PWFS�UIFN�MFBEJOH�UP�NVMUJQMF�DZDMFT�PG�fiMUSBUJPO��UIBU�DBO�TUSPOHMZ�inflVFODF�FDPTZTUFN�QSPDFTTFT�
FWFO�BU�NPEFSBUF�NVTTFM�EFOTJUJFT���6OJPOJET�BSF�BMTP�HBJOJOH�BUUFOUJPO�GPS�UIFJS�BCJMJUZ�UP�fiMUFS�PVU�DIFNJDBM�
DPOUBNJOBOUT�BOE�XBUFS�CPSOF�QBUIPHFOT�o��

6OGPSUVOBUFMZ�UIF�PSEFS�6OJPOJEB�DPOUBJOT�BO�FYDFQUJPOBM�OVNCFS�PG�JNQFSJMFE�UBYB��"NPOH�/PSUI�"NFSJDB�T�
����SFDPHOJ[FE�VOJPOJE�TQFDJFT��� ����BSF�DPOTJEFSFE�FOEBOHFSFE�UISFBUFOFE�PS�WVMOFSBCMF��XJUI����TQFDJFT�
IBWJOH�HPOF�FYUJODU�GSPN�UIF�4PVUIFBTUFSO�6OJUFE�4UBUFT�BMPOF��)JTUPSJDBMMZ�IBCJUBU�EFTUSVDUJPO�	F�H��SJWFS�
JNQPVOENFOUT
�QPMMVUJPO�TFEJNFOUBUJPO�PWFS�IBSWFTU�GPS�DPNNFSDJBM�VTF�	NPTU�OPUBCMZ�QFBSM�IBSWFTU�BOE�
NBOVGBDUVSF�PG�TIJSU�CVUUPOT�GSPN�TIFMMT�DB������o����
���BOE�DPNQFUJUJPO�GSPN�JOWBTJWF�TQFDJFT�	F�H��UIF�"TJBO�
DMBN�$PSCJDVMB�GMV JOFB�[FCSB�NVTTFM�%SFJTTFOB�QPMZNPSQIB�BOE�RVBHHB�NVTTFM�%��CVHFOTJT
���IBWF�HSFBUMZ�
SFEVDFE�PS�FYUJSQBUFE�NBOZ�OBUJWF�NVTTFM�GBVOB��ThFTF�UISFBUT�IBWF�CFFO�QSFTFOU�TJODF�UIF�FBSMZ�UXFOUJFUI�DFO�
UVSZ�NJSSPSJOH�USFOET�JO�IVNBO�EFWFMPQNFOU�BOE�MBOE�VTF���
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4JODF�UIF�MBUF�����T�FQJTPEJD�NBTT�NPSUBMJUZ�FWFOUT�IBWF�CFFO�EPDVNFOUFE�JO�VOJPOJET�UISPVHIPVU�UIFJS�
SBOHF�JODMVEJOH�DBUBTUSPQIJD�NPSUBMJUZ�	�����QPQVMBUJPO�EFDMJOFT
�JO�TPNF�DBTFT����6OMJLF�UIF�BGPSFNFOUJPOFE�
HSBEVBM�EFDMJOFT�NBOy NBTT�NPSUBMJUZ�FWFOUT�JO�GSFTIXBUFS�NVTTFMT�IBWF�OPU�CFFO�EJSFDUMZ�BUUSJCVUFE�UP�BOZ�TQF�
DJGJD FOWJSPONFOUBM�DIBOHFT�PS�FWFOUT����'VSUIFSNPSF�NBTT�NPSUBMJUZ�FWFOUT�PftFO�BffFDU�POMZ�B�TJOHMF�TQFDJFT�PG�
NVTTFM�XJUIJO�B�CSPBE�FDPMPHJDBM�DPNNVOJUZ��&OWJSPONFOUBM�GBDUPST�	F�H��DIFNJDBM�TQJMMT�FYUSFNF�XFBUIFS�FWFOUT
�
XPVME�CF�FYQFDUFE�UP�BffFDU�NBOZ�PS�BMM�VOJPOJE�TQFDJFT�JO�BEEJUJPO�UP�PUIFS�JOWFSUFCSBUFT�BOE�fiTIFT����"�NFUB�
BOBMZTJT�PG�UIF�DBVTFT�PG�NVTTFM�QPQVMBUJPO�EFDMJOFT�GPVOE�UIBU�POMZ�����PG�TUVEJFT�DPVME�BUUSJCVUF�EFDMJOFT�UP�
BOZ�QBSUJDVMBS�DBVTF�BOE�PWFS�����PG�TUVEJFT�DJUFE�NVMUJQMF�DBVTFT�XJUIPVU�TVCTUBOUJBM�FWJEFODF�PG�NFDIBOJTNT���

ThF�$MJODI�3JWFS�XBUFSTIFE�JO�TPVUIXFTUFSO�7JSHJOJB�BOE�OPSUIFBTUFSO�5FOOFTTFF�JT�POF�PG�UIF�NPTU�FDP�
MPHJDBMMZ�JNQPSUBOU�BOE�CJPEJWFSTF�GSFTIXBUFS�TZTUFNT�JO�/PSUI�"NFSJDB����8JUI����FYUBOU�TQFDJFT�PG�GSFTIXBUFS�
NVTTFMT�	���PG�XIJDI�BSF�GFEFSBMMZ�MJTUFE�BT�FOEBOHFSFE
�BOE�PWFS�����TQFDJFT�PG�fiTI�	��PG�XIJDI�BSF�GFEFSBMMZ�
MJTUFE�BT�FJUIFS�UISFBUFOFE�PS�FOEBOHFSFE
�UIF�$MJODI�3JWFS�TVQQPSUT�UIF�IJHIFTU�DPODFOUSBUJPO�PG�FYUBOU�GFEFS�
BMMZ�MJTUFE�BRVBUJD�TQFDJFT�JO�UIF�64"����-POH�UFSN�RVBOUJUBUJWF�NPOJUPSJOH�IBT�TIPXO�UIBU�NVTTFM�SJDIOFTT�BOE�
BCVOEBODF�JO�UIF�VQQFS�SJWFS�JO�7JSHJOJB�TUFBEJMZ�GFMM�GSPN������UP������XJUI�EFOTJUJFT�BU�TPNF�TJUFT�EFDMJOJOH�
BT�NVDI�BT��������*O�DPOUSBTU�NVTTFM�EFOTJUJFT�JO�UIF�MPXFS�SJWFS�JO�5FOOFTTFF�JODSFBTFE�GSPN������UP���������
4FWFSBM�TUVEJFT�IBWF�FYBNJOFE�$MJODI�3JWFS�XBUFS�BOE�TFEJNFOU�RVBMJUZ�BOE�UIFJS�FffFDUT�PO�GSFTIXBUFS�NVTTFM�
BTTFNCMBHF�JO�BO�BUUFNQU�UP�FYQMBJO�UIJT�i[POF�PG�EFDMJOFw�CVU�GFX�EJSFDU MJOLT�UP�XBUFS�RVBMJUZ�TFEJNFOU�PS�
QIZTJDBM�IBCJUBU�RVBMJUZ�IBWF�CFFO�JEFOUifiFE���

#FHJOOJOH�JO�TVNNFS������GJ ME�CJPMPHJTUT�CFHBO�EPDVNFOUJOH�NBTT�EJF�PGGT PG�NVTTFMT�XJUIJO�UIF�iIFBMUIZw�
SFBDI�PG�UIF�MPXFS�$MJODI�3JWFS����.PSUBMJUZ�FQJTPEFT�XFSF�DIBSBDUFSJ[FE�CZ�MBSHF�OVNCFST�PG�SFDFOUMZ�EFBE�
PS�EZJOH�NVTTFMT�PO�UIF�TVSGBDF�PG�UIF�SJWFS�TVCTUSBUF�JO�MBUF�TVNNFS�BOE�GBMM��'JFME�TVSWFZT�DPMMFDUJPO�PG�
TIFMMT�GSPN�GSFTIMZ�EFBE�NVTTFMT�BOE�DPNQBSJTPOT�UP�LOPXO�TQFDJFT�BTTFNCMBHF�QBUUFSOT�EFNPOTUSBUFE�UIBU�
UIF�QIFBTBOUTIFMM�	"DUJOPOBJBT�QFDUPSPTB
�DPNQSJTFE�B�EJTQSPQPSUJPOBUF�	UP�UIFJS�SFMBUJWF�BCVOEBODF�XJUIJO�UIF�
DPNNVOJUZ
�BOE�PWFSXIFMNJOH�NBKPSJUZ�PG�BffFDUFE�JOEJWJEVBMT����ThFTF�NPSUBMJUZ�FWFOUT�SFTVMUFE�JO�QPQVMBUJPO�
EFDMJOFT�PG�BQQSPYJNBUFMZ���o����PG�QIFBTBOUTIFMMT�BU�NPOJUPSJOH�TJUFT�UISPVHIPVU�UIF�MPXFS�SJWFS��'PS�FYBNQMF�
BU�POF�NPOJUPSJOH�TJUF�	,ZMF�T�'PSE
�EBUB�GSPN�ZFBSMZ�RVBOUJUBUJWF�TVSWFZT�EPDVNFOUFE�B�MPTT�PG�������PG�UIF�
QIFBTBOUTIFMM�QPQVMBUJPO�GSPN������UP������USBOTMBUJOH�UP�B�MPTT�PG�BQQSPYJNBUFMZ�������JOEJWJEVBMT�GSPN�UIJT�
����N�SFBDI�PG�UIF�$MJODI�3JWFS����3FNBSLBCMZ�TJNJMBS NBTT�NPSUBMJUZ�IBT�OPU�CFFO�PCTFSWFE�JO�UIF�PUIFS�TQF�
DJFT�PG�NVTTFMT�JOIBCJUJOH�UIF�TBNF�BSFBT�PG�UIF�SJWFS��.PSFPWFS�TJODF������NBTT�NPSUBMJUZ�PG�QIFBTBOUTIFMMT�
IBT�PDDVSSFE�JO�VQTUSFBN�TJUFT�PSJHJOBMMZ�DPOTJEFSFE�VOBffFDUFE����1IFBTBOUTIFMM�BSF�MBSHF�CPEJFE�BOE�BCVOEBOU�
IJTUPSJDBMMZ�DPNQSJTJOH�PWFS�����PG�UIF�$MJODI�3JWFS�T�NVTTFM�CJPNBTT����ThVT�UIFSF�JT�HSFBU�DPODFSO�UIBU�UIJT�
EFDMJOF�JG�VODIFDLFE�DPVME�QFSNBOFOUMZ�BMUFS�UIF�$MJODI�3JWFS�T�FDPMPHZ�BOE�JSSFWFSTJCMZ�BffFDU�UIF�FDPTZTUFN�
TFSWJDFT�UIBU�JUT�NVTTFMT�QSPWJEF�

)FSF�XF�EFTDSJCF�B�NVMUJ�ZFBS�JOWFTUJHBUJPO�JOUP�UIF�$MJODI�3JWFS�QIFBTBOUTIFMM�EJF�PGG GPDVTJOH�PO�JOGFD�
UJPO�XIJDI�IBT�CFFO�DJUFE�BT�B�QPUFOUJBM�FWFO�MJLFMZ�DBVTF�GPS�VOJPOJE�EJF�PGG �������CVU�IBT�SFNBJOFE�
VOEFSTUVEJFE����5I T�TUVEZ�JT�QBSU�PG�B�CSPBEFS�DPMMBCPSBUJWF�effPSU�UP�JOWFTUJHBUF�QPUFOUJBM�DBVTFT�GPS�QIFBT�
BOUTIFMM�EJF�PGGT JO�UIF�$MJODI�3JWFS�BOE�FMTFXIFSF����8F�GPDVT�PO�WJSBM�DBVTFT�CFDBVTF�PG�	�
�UIF�TQFDJGJD UZ�PG�
UIF�EJF�PGG GPS�QIFBTBOUTIFMMT�	�
�UIF�BQQBSFOU�VQTUSFBN�TQSFBE�PG�QIFBTBOUTIFMM�NPSUBMJUZ�CFUXFFO������BOE�
�����	�
�MBDL�PG�FWJEFODF�GPS�CBDUFSJBM�PS�FVLBSZPUJD�FUJPMPHJDBM�BHFOUT�����BOE�	�
�MBDL�PG�FWJEFODF�PG�DIBOHFT�
JO�QIZTJDBM�DIBSBDUFSJTUJDT�PG�UIF�FOWJSPONFOU�UIBU�NJHIU�FYQMBJO�UIF�EJF�Pff����.PSFPWFS�WJSVTFT�BSF�LOPXO�
UP�DBVTF�FQJEFNJD�NPSUBMJUZ�JO�NBSJOF�CJWBMWFT�����BOE�-FB�QMBHVF�WJSVT�DBO�EFDJNBUF�GBSNFE�QPQVMBUJPOT�PG�
$IJOFTF�USJBOHMFTIFMM�	)ZSJPQTJT�DVNJOHJJ
�GSFTIXBUFS�NVTTFMT�VTFE�GPS�QSPEVDUJPO�PG�GSFTIXBUFS�QFBSMT������8F�
UPPL�BEWBOUBHF�PG�BEWBODFT�JO�NFUBHFOPNJD�UFDIOPMPHJFT�GPS�EFUFDUJOH�BOE�DIBSBDUFSJ[JOH�VOLOPXO�WJSVTFT�
BOE�WJSBM�DPNNVOJUJFT�XIJDI�IBWF�QSPWFO�VTFGVM�GPS�FMVDJEBUJOH�UIF�JOWFSUFCSBUF�iWJSPTQIFSFw������#Z�BQQMZJOH�
UIFTF�NFUIPEPMPHJFT�BMPOHTJEF�B�SJHPSPVT�DBTFoDPOUSPM�TUVEZ�EFTJHO�JO�XIJDI�XF�DPNQBSFE�BffFDUFE�BOE�VOBG�
GFDUFE�BOJNBMT�EVSJOH�UXP�DPOTFDVUJWF�ZFBST�	�����BOE�����
�XFSF�BCMF�UP�FYBNJOF�XIJDI�DPOTUJUVFOUT�PG�UIF�
QIFBTBOUTIFMM�WJSPNF�NJHIU�CF�BTTPDJBUFE�XJUI�EJTFBTF�

)8.;32.
!-/H346JF 8F�DPMMFDUFE�BOE�BOBMZ[FE�TBNQMFT�GSPN����QIFBTBOUTIFMMT�GSPN�UIF�$MJODI�3JWFS�JODMVEJOH����
DBTFT� 	��� GSPN������ BOE���� GSPN�����
� BOE���� DPOUSPMT� 	�� GSPN������ BOE���� GSPN�����
� BU� �� TJUFT� 	'JH. ���
5BCle 4�
��%VSJOH�TBNQMJOH�XF�DIPTF�BT�DBTFT�NVTTFMT�UIBU�XFSF�PO�UIF�TVSGBDF�PG�UIF�TVCTUSBUF�HBQJOH�TMPX�UP�
SFTQPOE�UP�UBDUJMF�TUJNVMJ�BOE�BCMF�UP�DMPTF�UIFJS�WBMWFT�POMZ�XFBLMZ�BOE�XF�DIPTF�BT�DPOUSPMT�NVTTFMT�UIBU�XFSF�
GJ NMZ�CVSJFE�JO�UIF�TVCTUSBUF�GBTU�UP�SFTQPOE�UP�UBDUJMF�TUJNVMJ�BOE�BCMF�UP�DMPTF�UIFJS�WBMWFT�TUSPOHMZ��*O������XF�
TBNQMFE�JO�0DUPCFS�BOE�/PWFNCFS������EVSJOH�BO�BDUJWF�NBTT�NPSUBMJUZ�FWFOU��*O������XF�CFHBO�TBNQMJOH�JO�
"VHVTU�CFGPSF�NPSUBMJUZ�XBT�PCTFSWFE�BOE�XF�DPOUJOVFE�TBNQMJOH�EVSJOH�4FQUFNCFS�BOE�0DUPCFS�XIFO�NBTT�
NPSUBMJUZ�EJE�PDDVS��1SPMPOHFE�GM PE�DPOEJUJPOT�JNNFEJBUFMZ�BftFS�UIF�0DUPCFS������TBNQMJOH�FWFOU�QSFWFOUFE�
GVSUIFS�TBNQMF�DPMMFDUJPO�JO������

R410/4>.(-6D(.2-24.24>-3(-6-35.8.F .FUBHFOPNJD�TFRVFODJOH�PG����QIFBTBOUTIFMMT�GSPN�UIF�$MJODI�3JWFS�
ZJFMEFE�BO�BWFSBHF�PG�����������TFRVFODF�SFBET�QFS�IFNPMZNQI�TBNQMF�	TUBOEBSE�EFWJBUJPO����������
�XJUI�
BO�BWFSBHF�MFOHUI�PG�������OVDMFPUJEFT�	TUBOEBSE�EFWJBUJPO�����
�BftFS�MFOHUI�BOE�RVBMJUZ�USJNNJOH��%F�OPWP�
BTTFNCMZ�PG� UIFTF�SFBET�ZJFMEFE�������DPOUJHVPVT�TFRVFODFT� 	DPOUJHT
�BWFSBHJOH������OVDMFPUJEFT� JO� MFOHUI�
	SBOHF����o�����
��'SPN�UIFTF�EBUB�XF�JEFOUJGJ E����WJSVTFT�PG�WBSJFE�HFOPNJD�DPNQPTJUJPOT�BOE�UBYPOPNJD�
DMBTTJGJ BUJPOs 	5BCle �
��.PTU�WJSVTFT�BSF�POMZ�EJTUBOUMZ�SFMBUFE�UP�LOPXO�WJSVTFT�QIZMPHFOFUJDBMMZ�CVU�NBOZ�BSF�
SFMBUFE�UP�WJSVTFT�PG�GSFTIXBUFS�BOE�NBSJOF�NPMMVTLT�BOE�PUIFS�JOWFSUFCSBUFT�	'JH. 4�
��.VTTFMT�JEFOUJGJ E�BT�DBTFT�
IBSCPSFE�BO�BWFSBHF�PG�����	TUBOEBSE�FSSPS�����
�WJSVTFT�XIFSFBT�NVTTFMT�JEFOUJGJ E�BT�DPOUSPMT�IBSCPSFE�BO�
BWFSBHF�PG�����	4&�����
�WJSVTFT�BOE�UIJT�diffFSFODF�XBT�TUBUJTUJDBMMZ�TJHOJGJ BOU�	U��������EG�����1�������
��
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"WFSBHF�MPBET�PG�BMM�WJSVTFT�XFSF�������MPH���WJSBM�SFBET�QFS�NJMMJPO�UPUBM�SFBET�QFS�LJMPCBTF�PG�UBSHFU�TFRVFODF�
	W31.�LC
�GPS�DBTFT�BOE�������MPH���W31.�LC�GPS�DPOUSPMT�BOE�UIJT�diffFSFODF�XBT�BMTP�TUBUJTUJDBMMZ�TJHOJGJ BOU�
	U��������EG�����1�������
��'SFRVFODZ�EJTUSJCVUJPOT�PG� WJSBM� SJDIOFTT� BOE�WJSBM� MPBE�XFSF� SJHIU�TLFXFE� GPS�
DBTFT�CVU�MFTT�TP�GPS�DPOUSPMT�XJUI�TPNF�DBTFT�IBWJOH�FYDFQUJPOBMMZ�IJHI�WJSBM�SJDIOFTT�BOE�WJSBM�MPBET�	'JH. �
��

*OEJWJEVBM�WJSVTFT�WBSJFE�NBSLFEMZ�JO�UIFJS�QSFWBMFODF�MPBE�BOE�BTTPDJBUJPO�XJUI�DBTF�PS�DPOUSPM�TUBUVT�
	5BCMF �
��*O�VOJWBSJBUF�BOBMZTFT�fiWF�WJSVTFT�	$MJODI�EFOTPWJSVT���$MJODI�OBSOB�MJLF�WJSVT���$MJODI�OPEB�MJLF�
WJSVT���$MJODI�QJDPSOB�MJLF�WJSVT���BOE�$MJODI�$3&44�WJSVT��
�TIPXFE�TJHOJfiDBOUMZ�IJHIFS�QSFWBMFODF�BOE�PS�
WJSBM�MPBE�JO�DBTFT�UIBO�JO�DPOUSPMT�	5BCMF �
��5XP�PG�UIFTF�WJSVTFT�XFSF�SFMBUJWFMZ�SBSF��$MJODI�OBSOB�MJLF�WJSVT���
XBT�GPVOE�JO���DBTFT�BOE���DPOUSPM�BOE�$MJODI�OPEB�MJLF�WJSVT���XBT�GPVOE�JO���DBTFT�BOE���DPOUSPMT��5XP�PUIFS�
PG�UIFTF�WJSVTFT�	$MJODI�QJDPSOB�MJLF�WJSVT���BOE�$MJODI�$3&44�WJSVT��
�IBE�IJHIFS�WJSBM�MPBET�JO�DBTFT�UIBO�JO�
DPOUSPMT�CVU�TIPXFE�OP�TJHOJGJ BOU�diffFSFODFT�JO�QSFWBMFODF�CFUXFFO�DBTFT�BOE�DPOUSPMT��ThVT�$MJODI�EFOTPWJSVT�
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UIF�SFTVMUJOH�HFOFSBM�MJOFBS�NPEFM�	(-.
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ThF�HFOPNF�PG�$MJODI�EFOTPWJSVT���	(FO#BOL�BDDFTTJPO�OVNCFS�.5������
�JT������CBTFT�MPOH�BOE�DPOUBJOT�
��PQFO�SFBEJOH�GSBNFT�	03'T��o�
�PG�MFOHUIT�������������������BOE�����OVDMFPUJEFT�JO�UIF�UZQJDBM�BSSBOHF�
NFOU�PG�NFNCFST�PG�TVCGBNJMZ�%FOTPWJSJOBF�FODPEJOH�QVUBUJWF�OPO�TUSVDUVSBM�BOE�TUSVDUVSBM�QSPUFJOT�XIJDI�BSF�
USBOTDSJCFE�CZ�IPTU�DFMMVMBS�NBDIJOFSZ�UISPVHI�BMUFSOBUJWF�N3/"�TQMJDJOH�BOE�MFBLZ�TDBOOJOH������ThF�$MJODI�
EFOTPWJSVT���DPEJOH�HFOPNF�JT�BMTP�flBOLFE�CZ�JOWFSUFE�UFSNJOBM�SFQFBUT�DIBSBDUFSJTUJD�PG�NFNCFST�PG�UIJT�WJSBM�
TVCGBNJMZ����ThF�BNJOP�BDJE�TFRVFODF�EJffFSFODF�CFUXFFO�$MJODI�EFOTPWJSVT���BOE�JUT�DMPTFTU�SFMBUJWF�QFSJQMBO�
FUB�GVMJHJOPTB�EFOTPWJSVT�B�NFNCFS�PG�UIF�HFOVT�"NCJEFOTJWJSVT�	5BCMF �
�JT�������XJUIJO�UIF�OPO�TUSVDUVSBM�
QSPUFJO�/4���5I T�EFHSFF�PG�EJWFSHFODF�FYDFFET�UIF�����SFMBUFEOFTT�UISFTIPME�BDDFQUFE�CZ�UIF�*OUFSOBUJPOBM�
$PNNJUUFF�PO�UIF�5BYPOPNZ�PG�7JSVTFT�BT�B�TQFDJFT�EFNBSDBUJPO�DSJUFSJPO�XJUIJO�UIF�HFOVT�"NCJEFOTPWJSVT���

I4.>;..406
$MJODI�3JWFS�QIFBTBOUTIFMMT�IPTU�B�EJWFSTF�WJSPNF��5I FF�PG�UIF����WJSVTFT�XF�JEFOUJGJ E�	$MJODI�QJDPSOB�MJLF�WJSVT�
��$MJODI�$3&44�WJSVT���BOE�$MJODI�DJSDVMBS�WJSVT����5BCMe �
�BSF�MJLFMZ�NFNCFST�PG�UIF�iOPSNBMw�QIFBTBOUTIFMM�
WJSPNF��4VDI�WJSVTFT�XPVME�CF�FYQFDUFE�UP�JOGFDU�NVTTFMT�BU�IJHI�QSFWBMFODF�	� ����JO�UIFTe DBTFT
�BOE�MPBE�
CVU�XJUIPVU�BTTPDJBUJPO�XJUI�DMJOJDBM�EJTFBTF��5I FF�PUIFS�WJSVTFT�JOGFDUFE�QIFBTBOUTIFMMT�BU�NPEFSBUF�QSFWBMFODF�
	CFUXFFO����BOE����
�CVU�BMTP�TIPXFE�OP�BTTPDJBUJPO�CFUXFFO�DBTF�BOE�DPOUSPM�TUBUVT�	$MJODI�QJDPSOB�MJLF�WJSVT�
��$MJODI�DJSDVMBS�WJSVT���BOE�$MJODI�DBMJDJWJSVT��
��ThF�PUIFS�WJSVTFT�XF�JEFOUJGJ E�BMM�PDDVSSFE�BU�MPX�QSFWBMFODF�
	TPNFUJNFT�JO�POMZ�POF�BOJNBM
�BOE�NBZ�CF�IZQPFOEFNJD�TQPSBEJD�PS�EFSJWFE�GSPN�UIF�FOWJSPONFOU��'PS�FYBN�
QMF�UIF�QJDPCJSOBWJSVT�EFUFDUFE�JO�POF�DBTF�TBNQMF�GSPN������JT�QBSU�PG�B�HSPVQ�PG�WJSVTFT�TIFE�JO�UIF�GFDFT�PG�
NBNNBMT�TVDI�BT�DPXT�BOE�NBSNPUT����"MUIPVHI�IFNPMZNQI�MJLF�NBNNBMJBO�CMPPE�JT�OPU�EJSFDUMZ�DPOOFDUFE�
UP�UIF�FOWJSPONFOU���fiMUFS�GFFEJOH�CJWBMWFT�DBO�SFNPWF�WJSBM�QBUIPHFOT�GSPN�TVTQFOTJPO�JO�UIF�XBUFS�DPMVNO�����

"NPOH�UIF�fiWF�WJSVTFT�XJUI�QSFWBMFODF�PS�MPBET�BTTPDJBUFE�XJUI�DBTF�TUBUVT�CZ�VOJWBSJBUF�BOBMZTFT�	5BCMF �
�
POMZ�$MJODI�EFOTPWJSVT���IBE�CPUI�IJHIFS�QSFWBMFODF�BOE�MPBE�JO�DBTFT�UIBO�JO�DPOUSPMT�BOE�UIFTF�BTTPDJBUJPOT�
XFSF�UIF�TUSPOHFTU�PCTFSWFE�JO�UIF�TUVEZ��*O�NVMUJWBSJBUF�BOBMZTFT�UIF�PUIFS�GPVS�WJSVTFT�GFMM�PVU�BT�OPO�TJHOJGJ BOU�
XJUI�SFTQFDU�UP�CPUI�QSFWBMFODF�BOE�MPBE�BT�EJE�BMM�PUIFS�GBDUPST�FYDFQU�GPS�NVTTFM�TIFMM�MFOHUI�XIJDI�XBT�
SFUBJOFE�JO�UIF�(-.�FYBNJOJOH�QSFWBMFODF��$MJODI�EFOTPWJSVT���JT�UIFSFGPSF�UIF�POMZ�PG�UIF����WJSVTFT�JEFOUJGJ E�
UIBU�XIFO�PUIFS�WBSJBCMFT�BSF�BDDPVOUFE�GPS�JT�BTTPDJBUFE�XJUI�EJTFBTF�JO�$MJODI�3JWFS�QIFBTBOUTIFMMT�

5BCMF ��� �7JSVTFT�JEFOUJGJ E�JO�$MJODI�3JWFS�QIFBTBOUTIFMMT���-FUUFST�SFGFS�UP�5BCle �, Figs. ��BOE�4����$MPTFTU�
QIZMPHFOFUJD�SFMBUJWF�JO�UIF�(FO#BOL�EBUBCBTF��TFF�'JH. S1. �'BNJMZ�HFOVT�BOE�QFSDFOU�BNJOP�BDJE�JEFOUJUZ�UP�
UIF�DMPTFTU�QIZMPHFOFUJD�SFMBUJWF�JO�UIF�(FO#BOL�EBUBCBTF�
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%FOTPWJSVTFT�BSF�NFNCFST�PG�UIF�WJSBM�GBNJMZ�1BSWPWJSJEBF�TVCGBNJMZ�%FOTPWJSJOBF�BOE�DBO�CF�IJHIMZ�IPTU�
TQFDJGJD BOE�MFUIBM����.BTT�NPSUBMJUZ�JO�JOWFSUFCSBUFT�JT�B�XFMM�DIBSBDUFSJ[FE�DPOTFRVFODF�PG�EFOTPWJSVT�JOGFDUJPO
XJUI�FYBNQMFT�JODMVEJOH�TISJNQ���TJMLXPSNT���DPDLSPBDIFT���NPTRVJUPT���DSJDLFUT���NPUIT���BOE�DSBZfiTI����
*O�GBDU�TP�MFUIBM�BSF�TPNF�EFOTPWJSVTFT�UIBU�UIFZ�IBWF�CFFO�VTFE�DPNNFSDJBMMZ�BT�QPXFSGVM�CJPJOTFDUJDJEFT����
$PNNPO�TJHOT�PG�EFOTPWJSVT�JOGFDUJPO�JODMVEF�MFUIBSHZ�BOPSFYJB�EFWFMPQNFOU�PG�UVNPST�flBDDJEJUZ�BOE�EFBUI����
/PUBCMZ�TFB�TUBS�BTTPDJBUFE�EFOTPWJSVT�BMTP�B�NFNCFS�PG�UIF�HFOVT�"NCJEFOTPWJSVT�JT�UIF�QVUBUJWF�DBVTF�PG�NBTT�
NPSUBMJUZ�JO�BOPUIFS�CFOUIJD�JOWFSUFCSBUF�UIF�TVnflPXFS�TFB�TUBS�	1ZDOPQPEJB�IFMJBOUIPJEFT
����4FB�TUBS�XBTUJOH�
EJTFBTF�JT�DIBSBDUFSJ[FE�CZ�MPTT�PG�UVSHPS�	B�iEeflBUFEw�BQQFBSBODF
�CFIBWJPSBM�DIBOHFT�BOE�SBQJE�EFHSBEBUJPO�
MFBEJOH�UP�EFBUI���

)FOMFZ�FU BM����DPOEVDUFE�B�IJTUPMPHJDBM�TUVEZ�PG�NPSJCVOE�$MJODI�3JWFS�QIFBTBOUTIFMMT�DPMMFDUFE�EVSJOH�UIF�
CFHJOOJOH�PG�UIF�EJF�PGG JO������GSPN�UIF�,ZMF�T�'PSE�TBNQMJOH�TJUF��5I T�TUVEZ�EPDVNFOUFE�JOUFSOBM�PSHBO�EBN�
BHF�JODMVEJOH�QFSWBTJWF�OFDSPTJT�CVU�XBT�VOBCMF�UP�MJOL�BOZ�NFBTVSFE�GBDUPS�	JODMVEJOH�QBSBTJUJD�USFNBUPEF�
JOGFTUBUJPO�BOE�CBDUFSJBM�JOGFDUJPO
�UP�NPSUBMJUZ��$FSUBJO�PG�UIF�IJTUPMPHJD�MFTJPOT�EPDVNFOUFE�IPXFWFS�XPVME�
CF�DPOTJTUFOU�XJUI�EFOTPWJSVT�JOGFDUJPO�BT�EFTDSJCFE�JO�PUIFS�JOWFSUFCSBUFT�	TFF�BCPWF
��6MUJNBUFMZ�FYQFSJNFOUBM�
JOGFDUJPO�BOE�TUVEJFT�PG�QBUIPHFOFTJT�XJMM�CF�OFDFTTBSZ�UP�SFTPMWF�BOZ�DBVTBM�SFMBUJPOTIJQ�CFUXFFO�QIFTBOUTIFMM�
NVTTFM�NPSUBMJUZ�BOE�JOGFDUJPO�XJUI�$MJODI�EFOTPWJSVT���BT�IBT�CFFO�BUUFNQUFE�JO�UIF�DBTF�PG�TFB�TUBS�XBTUJOH�
EJTFBTF���BOE�DIFSBY�RVBESJDBSJOBUVT�EFOTPWJSVT���

*O�UIJT�MJHIU�XF�DBVUJPO�UIBU�PVS�SFTVMUT�XIJMF�TVHHFTUJWF�EP�OPU�EFNPOTUSBUF�EJSFDUJPO�PG�DBVTBMJUZ��'PS�
FYBNQMF�B�QSFDFEJOH�EJTFBTFE�TUBUF�NBZ�SFOEFS�NVTTFMT�NPSF�TVTDFQUJCMF�UP�JOGFDUJPO�XJUI�$MJODI�EFOTPWJSVT����
8F�BMTP�OPUF�UIBU�XF�DIBSBDUFSJ[FE�WJSVTFT�GSPN�IFNPMZNQI�CFDBVTF�JU�JT�VTFGVM�GPS�CJWBMWF�IFBMUI�BTTFTTNFOU�
BOE�DBO�CF�PCUBJOFE�OPO�MFUIBMMZ�����CVU�PUIFS�UJTTVFT�NBZ�IPTU�diffFSFOU�WJSVTFT��0VS�GPDVT�PO�IFNPMZNQI�NBZ�
BMTP�BDDPVOU�GPS�PVS�GJ EJOH�PG�POMZ�SFMBUJWFMZ�TNBMM�WJSVTFT�	TJNJMBS�UP�WFSUFCSBUF�CMPPE
��0UIFS�	BOE�QFSIBQT�
MBSHFS
�WJSVTFT�NBZ�IBWF�USPQJTNT�GPS�EJffFSFOU�UJTTVFT�	F�H��NBOUMF�HJMM�HPOBET
�BOE�UIFTF�UJTTVFT�BMTP�XBSSBOU�
JOWFTUJHBUJPO��2VBOUJUBUJWF�QPMZNFSBTF�DIBJO�SFBDUJPO�BTTBZT�DPVME�CF�EFWFMPQFE�UP�NFBTVSF�UIF�UJTTVF�TQFDJfiD�
MPBET�PG�WJSVTFT�EFUFSNJOFE�CZ�FQJEFNJPMPHZ�BOE�NFUBHFOPNJDT�UP�CF�MJOLFE�UP�EJTFBTF�TUBUFT�JODMVEJOH�$MJODI�
EFOTPWJSVT���CVU�OPU�EJTNJTTJOH�PUIFS�WJSVTFT�	EJTDPWFSFE�BOE�BT�ZFU�VOEJTDPWFSFE
��4VDI�BTTBZT�DPVME�BMTP�CF�
BQQMJFE�UP�FOWJSPONFOUBM�TBNQMFT�	F�H��XBUFS�PS�TFEJNFOU
�UP�JOWFTUJHBUF�WJSBM�USBOTNJTTJPO�BOE�QFSTJTUFODF�

4IPVME�JOGFDUJPO�XJUI�$MJODI�EFOTPWJSVT���PS�PUIFS�QBUIPHFOT�VMUJNBUFMZ�CF�B�DBVTF�PG�QIFBTBOUTIFMM�NBTT�
NPSUBMJUZ�UIJT�SFTVMU�XPVME�OPU�FYDMVEF�UIF�QPTTJCJMJUZ�PG�iVQTUSFBN�ESJWFST�w�*OGFDUJPVT�EJTFBTFT�BSF�PftFO�
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'JHVSe 2.� �'SFRVFODZ�EJTUSJCVUJPO�PG�WJSBM�SJDIOFTT�	OVNCFS�PG�WJSVTFT
�BOE�WJSBM�MPBE�	MPH���WJSBM�SFBET�QFS����
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QSPYJNBUF�DBVTFT�PG�NPSUBMJUZ�XIJMF�BMTP�CFJOH�DBVTFE�CZ�PUIFS�GBDUPST�UIFNTFMWFT��'PS�FYBNQMF�JOUSPEVDUJPOT�
PG�FYPUJD�TQFDJFT�BOE�UIFJS�QBUIPHFOT�DMJNBUF�DIBOHF�BOE�FDPMPHJDBMMZ�JOEVDFE�QIZTJPMPHJDBM�TUSFTTPST�IBWF�BMM�
CFFO�JNQMJDBUFE�BT�QSFEJTQPTJOH�GBDUPST�GPS�JOGFDUJPVT�EJTFBTF�JO�XJMEMJGF����%FUFSNJOJOH�QSPYJNBUF�DBVTFT�JT�OFW�
FSUIFMFTT�JNQPSUBOU�GPS�NBOBHFNFOU�BOE�DPOTFSWBUJPO��'PS�FYBNQMF�WBDDJOFT�QSPCJPUJDT�PS�DPOUSPMMFE�FYQPTVSF�
UP�QBUIPHFOT�UP�JOEVDF�SFTJTUBODF�NJHIU�CF�FffFDUJWF�JO�DPOEJUJPOJOH�NVTTFMT�JO�DBQUJWF�SFBSJOH�GBDJMJUJFT�XIFSF�
NBOZ�TQFDJFT�BSF�CSFE�GPS�SFTUPSBUJPO�FffPSUT���

0WFSBMM�PVS�SFTVMUT�TIPX�UIBU�XIJMF�EJWFSTF�UIF�WJSPNF�PG�$MJODI�3JWFS�QIFBTBOUTIFMMT�DPOUBJOT�POMZ�POF�
WJSVT�$MJODI�EFOTPWJSVT���TIPXJOH�B�TUSPOH�BOE�DPOTJTUFOU�BTTPDJBUJPO�XJUI�EJTFBTF��.BTT�NPSUBMJUZ�FWFOUT�JO�
GSFTIXBUFS�NVTTFMT�BSF�VOGPSUVOBUFMZ�BDDFMFSBUJOH�XPSMEXJEF����4UVEZJOH�PUIFS�TQFDJFT�PG�NVTTFMT�JO�PUIFS�HFP�
HSBQIJD�MPDBUJPOT�VTJOH�CPUI�FQJEFNJPMPHZ�BOE�NFUBHFOPNJDT�DPVME�IFMQ�SFWFBM�XIFUIFS�JOGFDUJPO�XJUI�WJSVTFT�
PS�PUIFS�BHFOUT�JT�B�HFOFSBMJ[FE�DIBSBDUFSJTUJD�PG�VOJPOJE�NBTT�NPSUBMJUZ�FWFOUT��ThF�SFTVMUJOH�JOGPSNBUJPO�XPVME�
CF�JNQPSUBOU�GPS�DPOTFSWJOH�BOE�NBOBHJOH�UIJT�SFNBSLBCMF�DPNQMFY�PG�JNQFSJMFE TQFDJFT�

,8290D.
'483D( .-/H346JF 8F� TBNQMFE� QIFBTBOUTIFMMT� JO� ����� BOE� ������8F� DPMMFDUFE�NPSJCVOE�NVTTFMT� 	DBTFT
�
BOE�BQQBSFOUMZ�IFBMUIZ�NVTTFMT�	DPOUSPMT
�EVSJOH�NPSUBMJUZ�FWFOUT�VTJOH�TXJN�UISPVHI�TFBSDIFT�PG�TIPBMT��8F�
GPDVTFE�PO�UIF�NPOUIT�PG�4FQUFNCFS�0DUPCFS�BOE�/PWFNCFS�PG�FBDI�ZFBS�CFDBVTF�UIFTF�XFSF�UIF�NPOUIT�JO�
XIJDI�NBTT�NPSUBMJUZ�XBT�PCTFSWFE�BMUIPVHI�XF�BEEFE�B�TBNQMJOH�FWFOU�JO�"VHVTU������JO�BOUJDJQBUJPO�PG�B�
NPSUBMJUZ�FWFOU��"U�GPVS�TJUFT�BMPOH�UIF�SJWFS�	'SPTU�'PSE�,ZMF�T�'PSE�8BMMFO�T�#FOE�BOE�4ZDBNPSF�*TMBOE��'JH. �
�
XF�GJ TU�MPDBUFE�NPSJCVOE�JOEJWJEVBMT�	MZJOH�PO�UIF�TVSGBDF�XJUI�TIFMMT�HBQJOH�BOE�NJOJNBMMZ�SFTQPOTJWF�UP�UBD�
UJMF�TUJNVMJ
��8F�UIFO�MPDBUFE�BQQBSFOUMZ�IFBMUIZ�JOEJWJEVBMT�	CVSJFE�JO�UIF�TVCTUSBUF�TJQIPOJOH�OPSNBMMZ�XJUI�
UJHIUMZ�DMPTFE�TIFMMT�BOE�TUSPOHMZ�SFTJTUBOU�UP�CFJOH�PQFOFE
�BU�UIF�TBNF�TJUFT�BOE�GSPN�UXP�BEEJUJPOBM�VQTUSFBN�
TJUFT�	4QFFST�'FSSZ�BOE�"SUSJQ
�XIFSF�OP�NPSUBMJUZ�IBE�CFFO�PCTFSWFE�

8F�TBNQMFE�IFNPMZNQI�CFDBVTF�JU�JT�VTFGVM�GPS�IFBMUI�BOE�EJTFBTF�BTTFTTNFOU�JO�GSFTIXBUFS�CJWBMWFT�BOd DBO�
CF�DPMMFDUFE�OPO�MFUIBMMZ�����BOE�CFDBVTF�	TJNJMBS�UP�WFSUFCSBUF�CMPPE
�JU�JT�OPU�EJSFDUMZ�FYQPTFE�UP�UIF�QIZTJDBM�
FOWJSPONFOU�VOMJLF�PUIFS�BDDFTTJCMF�PSHBOT�	F�H��GPPU�NBOUMF�HJMM
��8F�GJ TU�HFOUMZ�PQFOFE�UIF�WBMWFT�PG�FBDI�
BOJNBM�XJUI�B�TUFSJMF�QFEJBUSJD�OBTBM�TQFDVMVN��8F�UIFO�EJTJOGFDUFE�UIF�PVUFS�TVSGBDF�PG�UIF�BOUFSJPS�BEEVDUPS�
NVTDMF�XJUI�����JTPQSPQZM�BMDPIPM�BOE�FYUSBDUFE�VQ�UP�1.0 NM�IFNPMZNQI�	EFQFOEJOH�PO�UIF�TJ[F�PG�UIF�NVTTFM
�
GSPN�UIF�BOUFSJPS�BEEVDUPS�NVTDMF�TJOVT�VTJOH�B�� NM�UVCFSDVMJO�TZSJOHF��8F�QMBDFE�IFNPMZNQI�JNNFEJBUFMZ�
JO�TUFSJMF�UVCFT�PO�ESZ�JDF�JO�UIF�fiFME�UIFO�TUPSFE�TBNQMFT�BU�¦ �� ¡$�VOUJM�GVSUIFS�BOBMZTJT��'PS�FBDI�JOEJWJEVBM�
XF�OPUFE�JUT�HFOFSBM�BQQFBSBODF�SFDPSEFE�UIF�TUSFOHUI�BOE�TQFFE�PG�JUT�SFTQPOTF�UP�UBDUJMF�TUJNVMJ�	PQFOJOH�UIF�
WBMWFT�BOE�BQQMJDBUJPO�PG�JTPQSPQBOPM
�BOE�NFBTVSFE�UIF�MFOHUI�PG�JUT�TIFMM�VTJOH�EJHJUBM�DBMJQFST��8F�NBSLFE�
BOJNBMT�XJUI�'1/�HMVF�PO�TIFMlfiTI�UBHT�	)BMMQSJOU�)JOENBSTI�7BMMFZ�"VTUSBMJB
�UP�QSFWFOU�SF�TBNQMJOH�EVSJOH�
TVDDFTTJWF�TBNQMJOH�FWFOUT�BOE�UIFO�SFUVSOFE�BOJNBMT�UP�UIF�TIPBMT�GSPN�XIJDI�UIFZ�XFSF�DPMMFDUFE�

5BCMF ��� �6OJWBSJBUF�TUBUJTUJDBM�BTTPDJBUJPOT�CFUXFFO�DMJOJDBM�DMBTTJGJ BUJPO�	DBTF�PS�DPOUSPM
�BOE�QSFWBMFODF�BOE�
MPBET�PG�WJSVTFT�JO�$MJODI�3JWFS�QIFBTBOUTIFMMT���-FUUFST�SFGFS�UP�5BCle �, Figs. ��BOE�4����1FSDFOUBHF�PG�NVTTFMT�
XJUIJO�FBDI�HSPVQ�	DBTF�PS�DPOUSPM
�XJUI�SFBET�NBQQJOH�UP�FBDI�WJSVT�QMVT�PEET�SBUJPT�BOE�����DPOGJEF DF�
JOUFSWBMT��1�WBMVFT�	TUBUJTUJDBMMZ�TJHOJGJ BOU�WBMVFT�JO�CPld) wFSF�DBMDVMBUFE�VTJOH�'JTIFS�T�FYBDU�UFTUT���-PH���SFBET�
NBQQJOH�UP�FBDI�WJSVT�QFS�NJMMJPO�UPUBM�SFBET�QFS�LJMPCBTF�PG�UBSHFU�TFRVFODF�.BOOo8IJUOFZ�6�TUBUJTUJDT�BOE�
BTTPDJBUFE�1�WBMVFT�	JOGFDUFE�NVTTFMT�POMZ
�

*%� 7JSVT�OBNF *OEJWJEVBMT�JOGFDUFE
1SFWBMFODF�	�
� 7JSBM�MPBE�	-PH��W31.�LC
�

$BTFT $POUSPMT 03�	����$*
 P $BTFT $POUSPMT 6 P
" $MJODI�EFOTPWJSVT�� �� ���� ���� �����	�������
 ������ ����� ����� �� ������
# $MJODI�OBSOB�MJLF�WJSVT�� � ���� ��� �����	�����������
 ������ ����� ����� O�B O�B
$ $MJODI�OPEB�MJLF�WJSVT�� � ���� ��� �����	������������
 ������ ����� ����� O�B O�B
% $MJODI�QJDPSOB�MJLF�WJSVT�� �� ���� ���� �����	������������
 ������ ����� ����� �� �������
& $MJODI�$3&44�WJSVT�� �� ���� ���� �����	������������
 ������ ����� ����� �� �������
' $MJODI�QJDPSOB�MJLF�WJSVT�� �� ���� ���� �����	�����������
 ������ ����� ����� �� ������
( $MJODI�QJDPSOB�MJLF�WJSVT�� � ���� ��� �����	������������
 ������ ����� ����� O�B O�B
) $MJODI�DJSDVMBS�WJSVT�� �� ���� ���� �����	������������
 ������ ����� ����� �� �������
* $MJODI�DBMJDJWJSVT�� �� ���� ���� �����	������������
 ������ ����� ����� � ������
+ $MJODI�DJSDVMBS�WJSVT�� �� ���� ���� �����	�����������
 ������ ����� ����� ��� ������
, $MJODI�EJDJTUSP�MJLF�WJSVT�� � ��� ��� �����	������������
 ������ ����� ����� O�B O�B
- $MJODI�UPNCVT�MJLF�WJSVT�� � ���� ��� �����	������������
 ������ ����� ����� O�B O�B
. $MJODI�TPCFNP�MJLF�WJSVT�� � ��� ��� �����	�������������
 ������ ����� ����� O�B O�B
/ $MJODI�EJDJTUSP�MJLF�WJSVT�� � ��� ��� �����	����������
 ������ ����� ����� O�B O�B
0 $MJODI�QJDPCJSOBWJSVT�� � ��� ��� �����	������������
 ������ ����� ����� O�B O�B
1 $MJODI�QJDPCJSOB�MJLF�WJSVT�� � ��� ��� �����	������������
 ������ ����� ����� O�B O�B
2 $MJODI�UPUJWJSVT�� � ��� ��� �����	������������
 ������ ����� ����� O�B O�B
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,82-J860/4>(.8U;86>46J(-6D(K4046701/-24>.F 8F�QSPDFTTFE�IFNPMZNQI�GPS�NFUBHFOPNJD�TFRVFOD�
JOH�GPS�WJSVT�EJTDPWFSZ�BT�EFTDSJCFE�QSFWJPVTMZ����#SieflZ�XF�DMBSJGJ E�IFNPMZNQI�CZ�DFOUSJGVHBUJPO�BU������¨H
GPS�10 NJO�BOE�VTFE�UIF�2*"BNQ�.JO&MVUF�WJSVT�LJU�	2JBHFO�)JMEFO�(FSNBOZ
�UP�FYUSBDU�UPUBM�OVDMFJD�BDJET�
GSPN�UIF�TVQFSOBUBOU��8F�UIFO�DPOWFSUFE�3/"�UP�EPVCMF�TUSBOEFE�D%/"�VTJOH�SBOEPN�IFYBNFST�BOE�QSFQBSFE�
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'JHVSe 3.� �)FBUNBQ�PG�WJSBM�MPBET�JO�$MJODI�3JWFS�QIFBTBOUTIFMMT��%BUB�BSF�MPH���WJSBM�SFBET�QFS�����UPUBM�SFBET�
QFS�LJMPCBTF�PG�UBSHFU�TFRVFODF�GPS�FBDI�WJSVT�TFQBSBUFMZ�	WJSVTFT�"o2
�BOE�GPS�BMM�WJSVTFT�DPNCJOFE�	"MM
��
%BUB�BSF�QSFTFOUFE�TFQBSBUFMZ�GPS�DBTFT�BOE�DPOUSPMT�JO������BOE�������3BX�EBUB�PO�WJSBM�MPBET�BSF�QSFTFOUFE�JO�
5BCle S2.
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MJCSBSJFT�VTJOH�UIF�/FYUFSB�95�%/"�TBNQMF�QSFQBSBUJPO�LJU�	*MMVNJOB�4BO�%JFHP�$BMJGPSOJB�64"
�BftFS�XIJDI�
XF�TFRVFODFE�UIF�MJCSBSJFT�PO�BO�*MMVNJOB�.J4FR�JOTUSVNFOU�	7��DIFNJTUSZ�����DZDMF�LJU��*MMVNJOB�4BO�%JFHP�
$BMJGPSOJB�64"
��6TJOH�$-$�(FOPNJDT�8PSLCFODI�WFSTJPO������	$-$�CJP�"BSIVT�%FONBSL
�XF�GJ TU�USJNNFE�
MPX�RVBMJUZ�CBTFT�	QISFE�RVBMJUZ�TDPSF���
�BOE�EJTDBSEFE�TIPSU�SFBET�	�75 CQ
��8F�UIFO�DPOEVDUFE�EF�OPWP�
BTTFNCMZ�VTJOH�UIF�OBUJWF�$-$�BTTFNCMFS�XJUI�B�XPSE�TJ[F�PG����BOE�B�CVCCMF�TJ[F�PG������BOE�BOBMZ[FE�CPUI�
DPOUJHT�BOE�VOBTTFNCMFE�SFBET�GPS�OVDMFPUJEF�MFWFM�	CMBTUO
�BOE�QSPUFJO�MFWFM�	CMBTUY
�TJNJMBSJUZ�UP�WJSVTFT�JO�UIF�
(FO#BOL�EBUBCBTF��'PS�FBDI�NVTTFM�XF�NFBTVSFE�JUT�JOGFDUJPO�TUBUVT�	QPTJUJWF�PS�OFHBUJWF
�GPS�FBDI�WJSVT�BOE�
GPS�JOGFDUFE�NVTTFMT�W31.�LC�XIJDI�JT�B�NFUBHFOPNJD�NFBTVSF�PG�WJSBM�MPBE�UIBU�BEKVTUT�GPS�TFRVFODJOH�EFQUI�
BOE�UBSHFU�TFRVFODF�MFOHUI�BOE�JT�DPSSFMBUFE�XJUI�RVBOUJUBUJWF�SFBM�UJNF�1$3���

8F�JOGFSSFE�QIZMPHFOFUJD�SFMBUJPOTIJQT�BNPOH�OFXMZ�JEFOUJfiFE�WJSVT�TFRVFODFT�BOE�QVCMJTIFE�TFRVFODFT�PG�
UIF�NPTU�DMPTFMZ�SFMBUFE�WJSVTFT�JO�UIF�(FO#BOL�EBUBCBTF�VTJOH�WJSBM�SFQMJDBTF�	QPMZNFSBTF
�HFOFT�XIFO�BWBJM�
BCMF��8F�fiSTU�BMJHOFE�TFRVFODFT�VTJOH�B�DPEPO�CBTFE�WFSTJPO�PG�UIF�1SBOL�BMHPSJUIN���BOE�BQQMJFE�UIF�(CMPDLT�
BMHPSJUIN���UP�SFNPWF�SFHJPOT�XJUI�QPPS�BMJHONFOU�BT�JNQMFNFOUFE�JO�UIF�DPNQVUFS�QSPHSBN�5SBOTMBUPS9����
8F�UIFO�JOGFSSFE�NBYJNVN�MJLFMJIPPE�QIZMPHFOFUJD�USFFT�GSPN�UIF�SFTVMUJOH�BMJHONFOUT�VTJOH�1IZ.-�������XJUI�
�����CPPUTUSBQ�SFQMJDBUFT�UP�BTTFTT�TUBUJTUJDBM�DPOfiEFODF�JO�DMBEFT��8F�VTFE�'JH5SFF�W������UP�EJTQMBZ�GJ BM�USFFT�

!2-24.24>-3(-6-35.8.F 8F�VTFE� B�NVMUJ�UJFSFE� TUBUJTUJDBM� BQQSPBDI� UP� FYBNJOF� BTTPDJBUJPOT� CFUXFFO� WJSBM�
JOGFDUJPO�MPBE�BOE�SJDIOFTT�	UPUBM�OVNCFS�PG�WJSVTFT�JOGFDUJOH�B�NVTTFM
�BOE�DMJOJDBM�TUBUVT�	DBTFT�WFSTVT�DPO�
USPMT
��'JSTU�XF�VTFE�'JTIFS�T�FYBDU�UFTUT�BOE�.BOOo8IJUOFZ�6�UFTUT�UP�BTTFTT�VOJWBSJBUF�TUBUJTUJDBM�diffFSFODFT�
CFUXFFO�DBTFT�BOE�DPOUSPMT�XJUI�SFTQFDU� UP� UIFTF�NFBTVSFT��#BTFE�PO� UIF�SFTVMUT�PG� UIFTF�VOJWBSJBUF�BOBMZTFT�
	5BCle �
�XF�DPOTUSVDUFE�HFOFSBM�MJOFBS�NPEFMT�UP�JOWFTUJHBUF�UIF�DPNCJOFE�inflVFODF�PG�WJSVTFT�BOE�PUIFS�QSF�
EJDUPS�WBSJBCMFT�	TIFMM�MFOHUI�TBNQMJOH�MPDBUJPO�BOE�EBUF�PG�TBNQMJOH
�PO�DMJOJDBM�TUBUVT�	DBTF�PS�DPOUSPM
��8F�
DPOEVDUFE�BMM�TUBUJTUJDBM�BOBMZTFT�VTJOH�3�TPftXBSF���

$294>.(.2-28/862F 8F�PCUBJOFE�CJPMPHJDBM�TBNQMFT�JO�BDDPSEBODF�XJUI�BMM�GFEFSBM�TUBUF�BOE�MPDBM�MBXT�BOE�
QPMJDJFT�

I-2-(-?-43-K43425
"MM�EBUB�HFOFSBUFE�EVSJOH�UIF�DVSSFOU�TUVEZ�BSF�BWBJMBCMF�JO�(FO#BOL�	BDDFTTJPO�OVNCFST�.5������o.5������
�
PS�BSF�JODMVEFE�JO�UIJT�QVCMJTIFE�BSUJDMF�BOE�JUT�4VQQMFNFOUBSZ�*OGPSNBUJPO�fiMFT�

!"#"$%"&'()*(+,-$.()/)/0(+##",1"&'(2/(+34351()/)/

)878186>8.
�� 7BVHIO�$��$��&DPTZTUFN�TFSWJDFT�QSPWJEFE�CZ�GSFTIXBUFS�NVTTFMT��)ZESPCJPMPHJB ������o����IUUQT���EPJ�PSH���������T����������

�����Y�	����
�
�� $ISJTUJBO�"��%��4NJUI�#��/��#FSH�%��+��4NPPU�+��$����'JOEMBZ�3��)��5SPQIJD�QPTJUJPO�BOE�QPUFOUJBM�GPPE�TPVSDFT�PG���TQFDJFT�PG�

VOJPOJE�CJWBMWFT�	.PMMVTDB�6OJPOJEBF
�JO���TNBMM�0IJP�TUSFBNT��'SFTIX��4DJ� ������o����	����
�
�� 7BVHIO�$��$��#JPEJWFSTJUZ�MPTTFT�BOE�FDPTZTUFN�GVODUJPO�JO�GSFTIXBUFST��FNFSHJOH�DPODMVTJPOT�BOE�SFTFBSDI�EJSFDUJPOT��#JPTDJFODF

�����o����IUUQT���EPJ�PSH���������CJP�������������	����
�
�� )PXBSE�+��,����$uffFZ�,��.��ThF�GVODUJPOBM�SPMF�PG�OBUJWF�GSFTIXBUFS�NVTTFMT�JO�UIF�flVWJBM�CFOUIJD�FOWJSPONFOU��'SFTIX��#JPM� ���

���o�����IUUQT���EPJ�PSH���������K����������������������Y 	����
�
�� *[VNJ�5��:BHJUB�,��*[VNJZBNB�4��&OEP�5����*UPI�:��%FQMFUJPO�PG�$SZQUPTQPSJEJVN�QBSWVN�PPDZTUT�GSPN�DPOUBNJOBUFE�TFXBHF�

CZ�VTJOH�GSFTIXBUFS�CFOUIJD�QFBSM�DMBNT�	)ZSJPQTJT�TDIMFHFMJ
��"QQM��&OWJSPO��.JDSPCJPM� �������o������IUUQT���EPJ�PSH���������
"&.����������	����
�

�� *TNBJM�/��4��.àMMFS�$��&��.PSHBO�3��3����-VUIZ�3��(��6QUBLF�PG�DPOUBNJOBOUT�PG�FNFSHJOH�DPODFSO�CZ�UIF�CJWBMWFT�"OPEPOUB�
DBMJGPSOJFOTJT�BOE�$PSCJDVMB�GMV JOFB��&OWJSPO��4DJ��5FDIOPM� �������o������IUUQT���EPJ�PSH���������FT��������	����
�

�� *TNBJM�/��4��FU�BM��*NQSPWFNFOU�PG�VSCBO�MBLF�XBUFS�RVBMJUZ�CZ�SFNPWBM�PG�&TDIFSJDIJB�DPMJ�UISPVHI�UIF�BDUJPO�PG�UIF�CJWBMWF�"OPEPOUB�
DBMJGPSOJFOTJT��&OWJSPO��4DJ��5FDIOPM� �������o������IUUQT���EPJ�PSH���������FT��������	����
�

�� 8JMMJBNT�+��%��FU�BM��"�SFWJTFE�MJTU�PG�UIF�GSFTIXBUFS�NVTTFMT�	.PMMVTDB��#JWBMWJB��6OJPOJEB
�PG�UIF�6OJUFE�4UBUFT�BOE�$BOBEB��'SFTIX��
.PMMVTL�#JPM��$POTFSW� �������IUUQT���EPJ�PSH����������GNCD�W��J�������������	����
�
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Table S1.  Details of Clinch River pheasantshells (Actinonaias pectorosa) used in the analyses 

Table S2.  Loads of 17 viruses in Clinch River pheasantshells (Actinonaias pectorosa) 

Figure S1. Maximum likelihood phylogenetic trees of 17 viruses identified in Clinch River 
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Table S1.  Details of Clinch River pheasantshells (Actinonaias pectorosa ) used in the analyses

Accession Short ID Status Date Location Condition1 Length (mm) Gravid2

AP102017-037 Y37 Case 10/20/17 Frost Ford 96.0
AP102017-043 Y43 Case 10/20/17 Kyle's Ford 97.0
AP102017-065 Y65 Case 10/20/17 Kyle's Ford 90.0
AP102017-066 Y66 Case 10/20/17 Kyle's Ford 92.5
AP110317-001 Z01 Case 11/3/17 Kyle's Ford 71.0
AP110317-002 Z02 Case 11/3/17 Kyle's Ford 72.0
AP110317-005 Z05 Case 11/3/17 Kyle's Ford 75.0
AP110317-006 Z06 Case 11/3/17 Kyle's Ford 90.0
AP110317-008 Z08 Case 11/3/17 Kyle's Ford 74.0
AP110317-016 Z16 Case 11/3/17 Wallen's Bend 80.0
AP110317-003 Z03 Case 11/3/17 Kyle's Ford 72.0
20180925SIAPE-0007 B32 Case 9/25/18 Sycamore Island 4 95.0 Yes
20180925SIAPE-0011 B36 Case 9/25/18 Sycamore Island 5 69.0
20180925SIAPE-0012 B37 Case 9/25/18 Sycamore Island 5 91.0 No
20180925SIAPE-0014 B39 Case 9/25/18 Sycamore Island 4 96.0
20180925SIAPE-0015 B40 Case 9/25/18 Sycamore Island 5 101.0 Yes
20181024SFAPE-0001 C16 Case 10/24/18 Speers Ferry 4 103.0 No
20181025SIAPE-0012 C47 Case 10/25/18 Sycamore Island 4 78.0 No
20181025SIAPE-0013 C48 Case 10/25/18 Sycamore Island 4 86.0 Yes
20181025SIAPE-0021 C59 Case 10/25/18 Sycamore Island 4 97.0 No
20181025KFAPE-0007 C69 Case 10/25/18 Kyle's Ford 4 73.0 No
20181025KFAPE-0011 C73 Case 10/25/18 Kyle's Ford 4 70.0 No
20181025KFAPE-0012 C74 Case 10/25/18 Kyle's Ford 3 83.0 No
20181025KFAPE-0014 C76 Case 10/25/18 Kyle's Ford 3 88.0 Yes
20181025KFAPE-0015 C77 Case 10/25/18 Kyle's Ford 2 74.5 No
20181025KFAPE-0016 C78 Case 10/25/18 Kyle's Ford 3 94.0 Yes
AP102017-005 Y05 Control 10/20/17 Sycamore Island 104.0
AP102017-015 Y15 Control 10/20/17 Wallen's Bend 84.0
AP102017-027 Y27 Control 10/20/17 Frost Ford 89.0
AP102017-044 Y44 Control 10/20/17 Kyle's Ford 85.5
AP110317-009 Z09 Control 11/3/17 Kyle's Ford 94.0
AP110317-010 Z10 Control 11/3/17 Kyle's Ford 61.0
AP110317-013 Z13 Control 11/3/17 Wallen's Bend 61.0
AP110317-015 Z15 Control 11/3/17 Wallen's Bend 84.0
20180816SIAPE-0002 A10 Control 8/16/18 Sycamore Island 4 96.0 Yes
20180816SIAPE-0008 A16 Control 8/16/18 Sycamore Island 5 95.7 No
20180816WBAPE-0007 A23 Control 8/16/18 Wallen's Bend 4 91.6 No
20180816KFAPE-0002 A34 Control 8/16/18 Kyle's Ford 99.4 No
20180816KFAPE-0006 A38 Control 8/16/18 Kyle's Ford 5 83.8 No
20180925ARAPE-0004 B04 Control 9/25/18 Artrip 4 95.0 Yes
20180925SFAPE-0004 B17 Control 9/25/18 Speers Ferry 4 85.0 Yes
20180925SIAPE-0002 B26 Control 9/25/18 Sycamore Island 4 92.0 Yes
20180925SIAPE-0003 B27 Control 9/25/18 Sycamore Island 4 97.0 Yes
20180925SIAPE-0004 B28 Control 9/25/18 Sycamore Island 5 91.0 Yes
20180925SIAPE-0006 B31 Control 9/25/18 Sycamore Island 5 104.0 No
20180925WBAPE-0002 B44 Control 9/25/18 Wallen's Bend 4 84.4 No
20181025SIAPE-0002 C36 Control 9/25/18 Sycamore Island 5 93.0 No
20181025KFAPE-0001 C63 Control 9/25/18 Kyle's Ford 4 70.0 No
20181025KFAPE-0002 C64 Control 9/25/18 Kyle's Ford 3 88.0 Yes
20180925KFAPE-0020 B71 Control 9/26/18 Kyle's Ford 4 62.0 No
20180925KFAPE-0022 B73 Control 9/26/18 Kyle's Ford 3 78.0 No
20180925KFAPE-0024 B75 Control 9/26/18 Kyle's Ford 5 60.0 No
20181024ARAPE-0004 C04 Control 10/24/18 Artrip 4 106.0 Yes
20181024SFAPE-0013 C33 Control 10/24/18 Speers Ferry 5 82.0 No
20181025KFAPE-0004 C66 Control 10/25/18 Kyle's Ford 4 76.0 No
20181025KFAPE-0008 C70 Control 10/25/18 Kyle's Ford 3 58.0 No
20181025KFAPE-0009 C71 Control 10/25/18 Kyle's Ford 3 50.0 No
20181025KFAPE-0013 C75 Control 10/25/18 Kyle's Ford 3 88.0 Yes
1Body condition score was ranked on an ordinal scale of 1 (poor) to 5 (excellent).  Blank cells represent missing data.
2Reproductive status (gravid or not gravid) was assessed during physical examintion.  Bland cells represent missing data.



Table S2.  Loads of 17 viruses in Clinch River pheasantshells (Actinonaias pectorosa )

Short ID2 Status A B C D E F G H I J K L M N O P Q
Y37 Case 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y43 Case 1.24 0.30 0.15 2.17 0.00 1.60 0.24 1.43 0.59 0.00 0.00 0.34 0.00 0.21 0.00 0.00 0.00
Y65 Case 0.48 0.00 0.00 1.52 0.00 0.42 0.00 0.00 0.00 0.98 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y66 Case 1.48 0.00 0.00 0.00 0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Z01 Case 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Z02 Case 1.44 0.12 0.00 1.16 0.42 0.00 0.00 0.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Z05 Case 1.93 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Z06 Case 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Z08 Case 0.00 0.00 0.00 0.06 0.41 0.28 0.00 0.00 0.00 0.93 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Z16 Case 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Z03 Case 0.00 0.00 0.00 1.51 0.00 0.11 0.00 0.00 0.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B32 Case 0.00 0.04 0.09 0.37 0.31 0.00 0.00 0.00 0.05 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B36 Case 1.67 0.00 0.00 0.11 2.13 0.00 0.00 0.00 0.00 0.20 0.10 0.00 0.00 0.00 0.00 0.00 0.00
B37 Case 0.95 0.51 0.00 2.54 0.67 0.98 0.00 0.00 1.17 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B39 Case 1.32 0.00 0.00 0.66 1.54 0.00 0.00 0.00 0.00 1.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B40 Case 0.00 0.00 0.00 1.46 0.00 0.00 0.00 0.00 0.00 1.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C16 Case 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C47 Case 3.09 2.56 1.30 2.39 1.08 0.64 1.60 0.97 1.45 1.13 1.17 1.26 0.89 1.51 0.00 1.47 1.73
C48 Case 0.72 0.00 0.00 1.07 1.20 0.94 0.00 0.65 0.14 2.29 0.00 0.09 0.00 0.00 0.00 0.00 0.00
C59 Case 0.35 0.00 0.00 0.00 1.40 0.00 0.00 0.39 0.00 1.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C69 Case 0.55 0.00 0.00 0.11 0.79 0.18 0.13 0.77 0.00 1.24 0.00 0.00 0.00 0.00 1.05 0.00 0.00
C73 Case 0.19 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C74 Case 0.95 0.00 0.00 0.00 0.81 0.00 0.00 0.62 0.00 0.97 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C76 Case 0.00 0.00 0.00 0.13 0.84 0.52 0.00 0.62 0.00 1.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C77 Case 0.32 0.00 0.00 0.00 1.71 0.00 0.00 0.00 0.00 0.92 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C78 Case 1.36 0.07 0.00 0.57 0.00 0.00 0.00 0.00 0.00 0.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y05 Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y15 Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.47 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y27 Control 0.00 0.00 0.00 0.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y44 Control 0.00 0.00 0.00 0.08 0.49 0.00 0.00 0.00 0.00 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Z09 Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.54 0.00 0.47 0.00 0.00 0.00 0.00 0.00
Z10 Control 0.32 0.00 0.00 0.53 0.00 0.16 0.00 0.00 0.00 0.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Z13 Control 0.37 0.00 0.00 0.28 0.00 0.00 0.00 0.53 0.00 0.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Z15 Control 0.56 0.00 0.00 0.58 0.20 0.00 0.00 0.00 0.00 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
A10 Control 0.00 0.00 0.00 0.00 0.00 0.27 0.00 0.00 0.00 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
A16 Control 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.96 0.00 0.00 0.00 0.00 0.00 0.00 0.00
A23 Control 0.44 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00
A34 Control 0.14 0.00 0.00 0.04 0.97 0.12 0.00 0.00 0.00 0.47 0.00 0.00 0.00 0.10 0.00 0.00 0.00
A38 Control 0.00 0.07 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.24 0.00 0.00 0.07 0.00 0.00 0.00 0.00
B04 Control 0.73 0.00 0.00 0.19 0.00 0.00 0.00 0.17 0.00 1.15 0.00 0.00 0.08 0.00 0.00 0.00 0.00
B17 Control 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B26 Control 0.00 0.00 0.00 0.08 0.40 0.44 0.00 0.00 0.24 1.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B27 Control 0.00 0.00 0.00 0.08 0.50 0.21 0.00 0.00 0.42 1.33 0.00 0.00 0.12 0.00 0.00 0.00 0.00
B28 Control 0.00 0.00 0.00 0.30 0.33 0.00 0.00 0.00 0.00 2.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B31 Control 0.00 0.00 0.00 0.09 0.51 0.00 0.00 0.00 0.00 0.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B44 Control 0.00 0.00 0.00 0.51 1.57 0.00 0.00 0.00 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C36 Control 0.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C63 Control 0.00 0.00 0.00 0.06 0.15 0.00 0.00 0.00 0.00 0.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C64 Control 0.00 0.00 0.00 0.14 1.10 0.00 0.00 1.33 0.00 2.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B71 Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B73 Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B75 Control 0.41 0.00 0.00 0.12 0.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C04 Control 0.39 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.14 1.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C33 Control 0.00 0.00 0.00 0.00 0.24 0.62 0.00 0.00 0.19 1.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C66 Control 0.27 0.00 0.00 0.13 0.81 0.54 0.00 0.76 0.00 0.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C70 Control 0.00 0.00 0.00 0.44 0.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C71 Control 0.00 0.00 0.00 0.06 0.48 0.17 0.00 0.00 0.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C75 Control 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.17 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1For details of viruses, see Table 1. Viral loads are presented as log10 viral reads per million total reads per kilobase of target sequence.
2See Table S1 for full details of Clinch River pheasantshells used in the analyses.
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