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Abstract
The recent influx of genomic data has provided greater insights into the molecular basis for
regressive evolution, or vestigialization, through gene loss and pseudogenization. As such,
the analysis of gene degradation patterns has the potential to provide insights into the evo-
lutionary history of regressed anatomical traits. We specifically applied these principles to
the xenarthran radiation (anteaters, sloths, armadillos), which is characterized by taxa with a
gradation in regressed dental phenotypes. Whether the pattern among extant xenarthrans is
due to an ancient and gradual decay of dental morphology or occurred repeatedly in parallel
is unknown. We tested these competing hypotheses by examining 11 core dental genes in
most living species of Xenarthra, characterizing shared inactivating mutations and patterns of
relaxed selection during their radiation. Here we report evidence of independent and distinct
events of dental gene loss in the major xenarthran subclades. First, we found strong evidence
of complete enamel loss in the common ancestor of sloths and anteaters, suggested by the
inactivation of five enamel-associated genes (AMELX, AMTN, MMP20, ENAM, ACP4). Next,
whereas dental regression appears to have halted in sloths, presumably a critical event that
ultimately permitted adaptation to an herbivorous lifestyle, anteaters continued losing genes
on the path towards complete tooth loss. Echoes of this event are recorded in the genomes
of all living anteaters, being marked by a 2-bp deletion in a gene critical for dentinogenesis
(DSPP) and a putative shared 1-bp insertion in a gene linked to tooth retention (ODAPH). By
contrast, in the two major armadillo clades, genes pertaining to the dento-gingival junction
and amelogenesis appear to have been independently inactivated prior to losing all or some
enamel. These genomic data provide evidence for multiple pathways and rates of anatomi-
cal regression, and underscore the utility of using pseudogenes to reconstruct evolutionary
history when fossils are sparse.
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*&:$/$&"%(+%"4( &-("8)-(9/5,+$"("85"$&2"-,%(7"$"( ,.)%"(5$"'&)+%*3(#"-"$/,"4( &-(Z&::(",(/*=( AHICOK=( >."(
#$"/,"$(1/&$3(/$2/4&**)(2+%"+2(%/25*"(A"8E:;C$;G%8AC<9!%?C<9<9(kS[(><P$",K(/-4(,."(5&-?(1/&$3(/$2/4&**)(
A"GE8@:;G$%<9! C%<=A8C<9( \SR[( ><M>CK( +%"4( 1)$( 7.)*"( #"-)2"( %.),#+-( %";+"-9&-#( 7"$"( $"%5"9,&'"*3(
):,/&-"4(1$)2(,."(P/'/$&/-(S,/,"(M)**"9,&)-()1(k))*)#3(A[+-&9.6(Z"$2/-3K(/-4(5$)'&4"4(:3(W$=([/$&"**/(
S+5"$&-/( /%( 5$"'&)+%*3( 4",/&*"4( &-( W"*%+9( ",( /*=( AHICHK=( >."( 53#23( /-,"/,"$( A":AE$;?9! HBH8AC:E<9( GLZ(
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[HVIIK6( ,."( 5/*"<,.$)/,"4( ,.$""<1&-#"$"4( %*),.( A,%8H:;<9! C%BH8AC:E<9( GLZ([COOTK6( ,."( #&/-,( /$2/4&**)(
A*%B$H$=C?9!@8IB@<9(GLZ([UTTK6(/-4(,."(#$"/,"$(*)-#<-)%"4(/$2/4&**)(A289:;<9!D8;;E?%B(GLZ([VTOHK(+%"4(
1)$(7.)*"(#"-)2"(%.),#+-( %";+"-9&-#(9/2"( 1$)2( ,."(GLZlL!S(/-&2/*( ,&%%+"(9)**"9,&)-(.)%,"4(/,( ,."(
\-%,&,+,(]/%,"+$(4"(*/(Z+3/-"(AM/3"--"6(B$"-9.(Z+&/-/K=(>."(%&8<:/-4"4(/$2/4&**)(A.<;G%8AC<9!9?IAB=AC<9(
\SR[(><RSRCK(+%"4(1)$(7.)*"(#"-)2"(%.),#+-(%";+"-9&-#(7/%(%/25*"4(/,(,."(k))(4"(J+-/$",(A[)-,5"**&"$6(
B$/-9"K=(B&-/**36(,."(%)+,."$-(-/?"4<,/&*"4(/$2/4&**)(A"8F899$<9!<=BAB=AC<9([dk(CEECDIK(%/25*"(+%"4(1)$(
7.)*"(#"-)2"(/%%"2:*3(7/%(4"$&'"4(1$)2(/(1$)0"-(,&%%+"(%/25*"(1$)2(,."([+%"+2()1(d"$,":$/,"(k))*)#3(
AP"$?"*"36( ML6( lSLK=( \-( /99)$4/-9"( 7&,.( ,."( 5)*&93( )1( %./$&-#( :"-"1&,%( /-4( /4'/-,/#"%( AL]LF(
>!RJCDCOCDOS@HHTK6( :&)*)#&9/*( 2/,"$&/*( 1$)2( B$"-9.( Z+&/-/( 9)**"9,"4( /1,"$( a9,):"$( HICT( ./%( :""-(
$"#&%,"$"4( &-( ,."( GLZlL!S( 9)**"9,&)-( %+55)$,"4( :3( c7/,/( YZa6( \-%,&,+,( ]/%,"+$( 4"( */( Z+3/-"6( WRLJ(
Z+3/-"6(/-4(M)**"9,&'&,X(>"$$&,)$&/*"(4"(*/(Z+3/-"=(P&)*)#&9/*(%/25*"%(1$)2(,."(GLZlL!S(9)**"9,&)-(7"$"(
"89./-#"4(,.$)+#.(1)$2/*(2/,"$&/*(,$/-%1"$(/#$""2"-,%(#$/-,"4(:3(WRLJ(Z+3/-"=(

567*,8#$2(#)%".9*:;<*2340)=)(2#)%".9*2"&*>2"1,$*.,?',"()"1*
>),/*( #"-)2&9(WYL(7/%("8,$/9,"4( 1$)2( ,&%%+"( %/25*"%(AS+55*"2"-,/$3(>/:*"(SCK(5$"%"$'"4( &-(DEm(

",./-)*(+%&-#(,."(n\L/25WYL("8,$/9,&)-(?&,(An&/#"-K=(])*32"$/%"(9./&-($"/9,&)-(A]M!K(7/%(+%"4(,)(,/$#",(
/-4(/25*&13()+,-6()+./06(2+*76(23**6(.-)+6(/-4(+.*.("8)-%=(>)(4)(%)6(/(-+2:"$()1(5$&2"$(5/&$%(7"$"(
4"%&#-"4( 1$)2( /*&#-2"-,%( )1( /'/&*/:*"( %";+"-9"%( AS+55*"2"-,/$3( >/:*"( SVK=( ]M!( 9)-4&,&)-%( 7"$"( /%(
1)**)7%i(DEoM(1)$(E(2&-6(1)**)7"4(:3(TI(939*"%(/,(DEoM(1)$(VI(%6(EI<EEoM(1)$(VI(%6(QHoM(1)$(TE(%6(/-4(/(1&-/*(
"8,"-%&)-(%,"5(/,(QHoM(1)$(CI(2&-=(L**(]M!(5$)4+9,%(7"$"(,."-(5+$&1&"4(1$)2(Cm(/#/$)%"(#"*%(+%&-#(L2&9)-(
l*,$/1$""<WL(9)*+2-%(A[&**&5)$"(M)$5)$/,&)-6(P"41)$46([L6(lSLK(/-4(%";+"-9"4()-(:),.(%,$/-4%(+%&-#(,."(
5)*32"$/%"(9./&-($"/9,&)-(5$&2"$%(7&,.(,."(P&#(W3"(>"$2&-/,)$(939*"(%";+"-9&-#(?&,()-(/-(L55*&"4(LP\(
]$&%2(VCVI`J(/+,)2/,"4(%";+"-9"$=(R*"9,$)5."$)#$/2%(7"$"(9."9?"4(:3("3"(/-4(/%%"2:*"4(&-,)(9)-,&#%(
+%&-#(Z"-"&)+%(]$&2"(Ac"/$%"(",(/*=6(HICHK=(

@2$1,#*.,?',"(,*(24#'$,*2"&*.,?',"()"1*
P/&,%( 1)$(WYL( %";+"-9"( "8)-(9/5,+$"(7"$"( 4"%&#-"4( +%&-#( /'/&*/:*"( 8"-/$,.$/-( %";+"-9"%( 1)$( ,."(

9)25*","(MWS%()1(/**(1)9/*(4"-,/*(#"-"%("89"5,()"*#=(>.&%(7/%(4+"(,)(&,%(*&-?(,)(/2"*)#"-"%&%(&25"$1"9,/(
:"&-#($"5)$,"4(/1,"$(,."(4"%&#-(/-4(%3-,."%&%()1(,."%"(:/&,%=(B)$("/9.(#"-"6(UI2"$(:/&,%(7"$"(#"-"$/,"4(
7&,.(/(T8(,&*&-#(4"-%&,3(/-4(7"$"(,."-(PJLS>"4(/#/&-%,(,."(#"-)2"(/%%"2:*&"%()1("G$E$?;<9!G$&&@8==B(
AZMLpIIICOTQUE=HK(/-4(289:;<9!=$>?@AB=AC<9(AZMLpIIIHIUOEE=HK=(P/&,%(7&,.(2)$"(,./-()-"(.&,(/-4(/(
>2()+,%&4"(,."($/-#"(VE<TIoM(7"$"("89*+4"4=(>.&%($"%+*,"4( &-(/(1&-/*(%",()1(E6HOH(:/&,%( AS+55*"2"-,/$3(
W/,/%",(SCK(,./,(7"$"(%3-,."%&0"4(/%(5/$,()1(/(23P/&,%(!YL(?&,(:3(L$:)$(P&)%9&"-9"%(AL--(L$:)$6([\6(lSLK=(
>."(8"-/$,.$/-(\**+2&-/(*&:$/$&"%(5$"'&)+%*3(5$"5/$"4(AZ&::(",(/*=6(HICOK(7"$"(%+:%";+"-,*3("-$&9."4(7&,.(
,."(4"%&#-"4(:/&,(%",(&-()$4"$(,)(9/5,+$"(,/$#",(%";+"-9"%(1)**)7&-#(5$"'&)+%*3(4"%9$&:"4(2",.)4)*)#&9/*(
5$)9"4+$"%(AW"*%+9(",(/*=6(HICUK=(L**("-$&9."4(*&:$/$&"%(7"$"(5))*"4(,)#",."$(/,('/$3&-#(9)-9"-,$/,&)-%(7&,.(
,."(/&2()1(5$)4+9&-#()-"(2&**&)-($"/4%(1)$(%";+"-9&-#=(S";+"-9&-#()1(,."("-$&9.2"-,(%",(7/%(5"$1)$2"4(
/,( [9[/%,"$( Z"-)2&9%( B/9&*&,3( A[9[/%,"$( l-&'"$%&,36( b/2&*,)-6( aY6( M/-/4/K( )-( /-( \**+2&-/( [&S";(
&-%,$+2"-,(+%&-#(CEI(:5(5/&$"4<"-4($"/4%=(

\-4"8( /-4( /4/5,"$( %";+"-9"%( 7"$"( $"2)'"4( 1$)2( $/7( $"/4%( /-4( )'"$*/55&-#( 5/&$%( 2"$#"4( 7&,.(
*""b)2(A!"-/+4(",(/*=6(HICTK6(/-4(,."-(2/55"4(,)(/**(8"-/$,.$/-($"1"$"-9"(%";+"-9"%(/'/&*/:*"(7&,.(/(
2)4&1&"4('"$%&)-()1(PgL(AJ&(/-4(W+$:&-6(HIIDF(S,"-0"*6(HICQK=([/55"4($"/4%(7"$"(/44&,&)-/**3(1&*,"$"4(,)(
,.)%"(,./,(7"$"("&,."$(2"$#"4()$(5$)5"$*3(5/&$"46(./4(+-&;+"(Ej(/-4(Vj(2/55&-#(9))$4&-/,"%6(/-4(,."-(
$"%,$&9,"4(,)($"/4%()1(/,(*"/%,(HT(:5(7&,.(SL[,))*%(AJ&(",(/*=6(HIIDK=(>."(:/2(1&*"%(7"$"(,."-(&25)$,"4(&-,)(
Z"-"&)+%( ,)( %"*"9,( ,."( :"%,( /%%"2:*3( 1)$( "/9.( %";+"-9"( 4"5"-4&-#( )-( ,."(2)%,( %+99"%%1+*( $"1"$"-9"(
%";+"-9"=( L**( %";+"-9"%( ./'"( :""-( 4"5)%&,"4( &-( Z"-P/-?( /,( ,."( Y/,&)-/*( M"-,"$( 1)$( P&),"9.-)*)#3(
\-1)$2/,&)-(AYMP\K(+-4"$(/99"%%&)-(-+2:"$%(a]DOOIOT(,)(a]DOOVVE=(

A-%0,*1,"%3,*.-%#1'"*0)B$2$),.*(%".#$'(#)%"*2"&*.,?',"()"1*
B)$( ,."( #$"/,"$( 1/&$3( /$2/4&**)( 2+%"+2( %5"9&2"-( A"8E:;C$;G%8AC<9! %?C<9<9( k[S( ><P$",K6( 7"(

9)-%,$+9,"4( -"7(7.)*"(#"-)2"(WYL( \**+2&-/( *&:$/$&"%(+%&-#( /( 5$"'&)+%*3( "8,$/9,"4( #"-)2&9(WYL( /-4(
*&:$/$3(5$"5/$/,&)-(5$)9"4+$"(AZ&::(",(/*=6(HICOK=(>."%"(4"#$/4"4(WYL(*&:$/$&"%(7"$"(%";+"-9"4(/,(,."(
d&-9"-,( G=( M)/,"%(Z"-)2&9%( S";+"-9&-#( J/:)$/,)$3( Al-&'"$%&,3( )1( M/*&1)$-&/6( P"$?"*"36( ML6(lSLK( )-( /-(
\**+2&-/(b&S";TIII(&-%,$+2"-,(+%&-#(EI(:5(%&-#*"($"/4%=(g.)*"(#"-)2"(WYL(\**+2&-/(*&:$/$3(5$"5/$/,&)-(
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/-4( %";+"-9&-#( )1( ,%8H:;<9! C%BH8AC:E<9( AGLZ([COOTK6(":AE$;?9!HBH8AC:E<9! AGLZ([HVIIK6("GE8@:;G$%<9!
C%<=A8C<9( A\SR[( ><M>CK6( .<;G%8AC<9! 9?IAB=AC<9( A\SR[( ><RSRCK6( 289:;<9! D8;;E?%B( AGLZ( [VTOHK6( /-4(
*%B$H$=C?9!@8IB@<9( AGLZ([UTTK(7"$"()+,%)+$9"4(,)(Y)')#"-"(R+$)5"(AM/2:$&4#"(lcK=(>."%"( *&:$/$&"%(
7"$"(%";+"-9"4()-(/-(\**+2&-/(Y)'/S";(&-%,$+2"-,(+%&-#(CEI(:5(5/&$"4<"-4($"/4%=(>."($"%+*,&-#(%.)$,(
$"/4%(7"$"(9*"/-"4(1$)2(%";+"-9&-#(&-4"8"%(/-4(/4/5,)$%(/-4(;+/*&,3(1&*,"$"4(+%&-#(>$&22)2/,&9(AP)*#"$(
",( /*=6( HICTK( 7&,.( 4"1/+*,( 5/$/2","$%=( >."%"( 7"$"( ,."-( 2/55"4( ,)( ,."&$( 9*)%"%,( /'/&*/:*"( $"*/,&'"(
8"-/$,.$/-( $"1"$"-9"( %";+"-9"( +%&-#( ,."( Z"-"&)+%( ]$&2"( 2/55&-#( /*#)$&,.2( 7&,.( 4"1/+*,( %",,&-#%=(
M)-%"-%+%(%";+"-9"%()1(2/55"4($"/4%(7"$"(9/**"4(+%&-#(,."(EIm(2/f)$&,3($+*"(1)$("/9.(,/$#","4(#"-"=(

A-%0,*1,"%3,*.,?',"()"1*2"&*2..,3B0),.*
B)$(,."(%)+,."$-(-/?"4<,/&*"4(/$2/4&**)(A"8F899$<9!<=BAB=AC<9([dk(CEECDIK6(/(]M!<1$""(*&:$/$3(\**+2&-/(

*&:$/$3(7&,.(TEI(:5( &-%"$,%(7/%(5$"5/$"4(/99)$4&-#(,)( ,."( $"9)22"-4/,&)-%()1( ,."(P$)/4( \-%,&,+,"( 1)$(
%+:%";+"-,( #"-)2"( /%%"2:*3( 7&,.( W\SMadL!( 4"( -)')(
A.,,5%i@@%)1,7/$"=:$)/4&-%,&,+,"=)$#@%)1,7/$"@4&%9)'/$@:*)#@h5/#"p&4qVQEK(1)**)7&-#(,."(%,$/,"#3()1(,."(
k))-)2&/( 5$)f"9,( Ak))-)2&/( 9)-%)$,&+26( HIHIK=( >."( *&:$/$3( 7/%( %";+"-9"4( /,( ,."( d&-9"-,( G=( M)/,"%(
Z"-)2&9%(S";+"-9&-#(J/:)$/,)$3(Al-&'"$%&,3()1(M/*&1)$-&/6(P"$?"*"36(ML6(lSLK()-(/-(\**+2&-/(b&S";TIII(
&-%,$+2"-,(+%&-#(HEI(:5(5/&$"4<"-4($"/4%=(L(4$/1,(#"-)2"(/%%"2:*3(7/%(5$)4+9"4(1$)2(,."%"(4/,/(+%&-#(
,."( W\SMadL!( 4"( -)')( /%%"2:*"$(
A.,,5%i@@#&,.+:=9)2@:$)/4&-%,&,+,"@4&%9)'/$p4"p-)')@$"*"/%"%@,/#@'EHTUUK( +%&-#( ,."( 1)**)7&-#(
9)22/-4i( W&%9)'/$W"Y)')( !RLWSq^!"/4%B&*"_( al>pW\!q^a+,5+,W&$"9,)$3_( Yl[p>b!RLWSqHT(
[L`p[R[pZPqQII=(

g"(/*%)(+,&*&0"4(2+*,&5*"(7.)*"(#"-)2"(/%%"2:*&"%(4"5)%&,"4(&-(YMP\(g.)*"(Z"-)2"(S.),#+-(AgZSK(
9)-,&#( 4/,/:/%"( AS+55*"2"-,/$3( >/:*"( SHK=( >)( ):,/&-( #"-"%( )-( YMP\6( 7"( PJLS>"4( .+2/-( $"1"$"-9"(
-+9*"),&4"( %";+"-9"%6( 9)25)%"4( )1( "8)-%6( &-,$)-%( /-4( 1*/-?&-#( %";+"-9"%6( /#/&-%,( ,."(gZS( 4/,/:/%"(
+%&-#(4&%9)-,&#+)+%(2"#/:*/%,(APJLS>r(H=U=IK=(g"(,."-(+%"4(,."(YMP\<4"$&'"4(8"-/$,.$/-(%";+"-9"%(,)(
PJLS>( +%&-#( 4&%9)-,&#+)+%( 2"#/:*/%,( /#/&-%,( 4"( -)')( /%%"2:*&"%( &25)$,"4( &-,)( Z"-"&)+%=( S";+"-9"%(
4"$&'"4( 1$)2( /%%"2:*&"%( ,./,( 9)-,/&-"4( %,$&-#%( )1(2)$"( ,./-( CI( +-?-)7-(-+9*"),&4"%( AY%K( ./4( ,."%"(
%,$",9."%()1(Y%($"4+9"4(,)(CI(1)$("/%"()1(/*&#-2"-,=(!/7(%";+"-9&-#($"/4%(./'"(:""-(4"5)%&,"4(&-(,."(
S.)$,(!"/4(L$9.&'"(AS!LK(/,(,."(Y/,&)-/*(M"-,"$(1)$(P&),"9.-)*)#3( \-1)$2/,&)-(AYMP\K(+-4"$(P&)5$)f"9,(
]!GYLDIQTDO=(>."(W&%9)'/$(4"(-)')(4$/1,(#"-)2"(/%%"2:*3(1)$(,."(%)+,."$-(-/?"4<,/&*"4(/$2/4&**)(&%(/*%)(
/'/&*/:*"()-(YMP\(AGLnkP`IIIIIIIIIK=(

52#2.,#*2..,3B0C*
`"-/$,.$/-(%";+"-9"%(7"$"(/%%"2:*"46(/-4()99/%&)-/**3(9)2:&-"46(1$)2(,."('/$&)+%(2",.)4)*)#&"%(

"25*)3"4(AS+55*"2"-,/$3(W/,/%",%(SHsCHK=(a+,#$)+5(%";+"-9"%(7"$"($",$&"'"4(:3(PJLS>&-#($"1"$"-9"(
%";+"-9"%(/#/&-%,(Z"-P/-?(+%&-#(4&%9)-,&#+)+%(2"#/:*/%,(/-4():,/&-&-#(YMP\(/--),/,"4(#"-"(2)4"*%(
AS+55*"2"-,/$3( >/:*"( SHK=( L**( )$,.)*)#%( )1( 8"-/$,.$/-%( /-4( )+,#$)+5( %";+"-9"%( 7"$"( /*&#-"4( +%&-#(
[lSMJR(AR4#/$6(HIITK(&-(Z"-"&)+%6("8/2&-"4(:3("3"(/-4(/4f+%,"4(2/-+/**3(,)(9)$$"9,(1)$("$$)$%(&-(,."(
/+,)2/,"4( /*&#-2"-,%=( L1,"$( 9./$/9,"$&0&-#( 5+,/,&'"( &-/9,&'/,&-#( 2+,/,&)-%( A%""( :"*)7K6( 7"( 5$"5/$"4(
9)4)-( /*&#-2"-,%( %+&,/:*"( 1)$( %+:%";+"-,( %"*"9,&)-( 5$"%%+$"( /-/*3%"%( :/%"4( )-( 4Y@4S( "%,&2/,&)-%(
AS+55*"2"-,/$3( W/,/%",%( SCVsHVK( :3( $"2)'&-#( &-%"$,&)-%6( &-9)25*","( 9)4)-%( /-4( %,)5( 9)4)-%( 1$)2(
&-4&'&4+/*(%";+"-9"%6(/-4(/-3(),."$(5)$,&)-%()1(%";+"-9"%(7&,.(4+:&)+%(.)2)*)#36(&-9*+4&-#i("8)-%(QsD(
)1()+,-6( #&'"-(5$):/:*"("8)-(4+5*&9/,&)-%(7&,.&-( ,."(.+2/-( $"1"$"-9"( A>)3)%/7/(",(/*=6( HIIIKF(23**(
.&#.*3($"5",&,&'"($"#&)-(/,(,."(Vj("-4()1("8)-(T(A[9c-&#.,(/-4(B&%."$(HIIDF(B&%."$6(HICCKF(/-4("8)-(H()1(
52)*6(&-(.+2/-%6(7.&9.(&%(/(%5*&9"('/$&/-,(,./,(&%(-),(9)22)-(,)(/**(5*/9"-,/*(2/22/*%(AS5$&-#"$(",(/*=6(
HICOK=* >."( "')*+,&)-/$3( .&%,)$3( )1( "/9.( #"-"( 7/%( "%,&2/,"4( :3( 2/8&2+2( *&?"*&.))4( 5.3*)#"-",&9(
$"9)-%,$+9,&)-(+%&-#(!L8[J('U=H=CC(AS,/2/,/?&%6(HICTK(7&,.&-(Z"-"&)+%(AZ>!rZL[[L(2)4"*6(!/5&4(.&**<
9*&2:&-#K(,)(4","9,(/:"$$/-,(%";+"-9"%(A"=#=6(5)%%&:*"(9)-,/2&-/-,%(/-4(/--),/,&)-("$$)$%(%,"22&-#(1$)2(
5))$(#"-"(2)4"*%K=(

!"2(#)D2#)"1*3'#2#)%".*2"&*&6E&>*$2#)%*2"20C.,.*
g"(9*/%%&1&"4(4"-,/*(#"-"%(&-(1&'"(1+-9,&)-/*(9/,"#)$&"%i(ACK("-/2"*(2/,$&8(A)+./06()+,-6(.-)+K6(AHK(

"-/2"*( 2/,$&8<5$)9"%%&-#( A++*'4K6( AVK( 4"-,)<#&-#&'/*( f+-9,&)-( A)+1-6( 52)+K6( ATK( +-?-)7-( "-/2"*(
1+-9,&)-( A)"*#6( 52)*6K( /-4( AEK( 4"-,&-)#"-"%&%( A23**L! 2+*7L! +.*.K=( g"( %"/$9."4( 1)$( 5+,/,&'"(
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&-/9,&'/,&-#(2+,/,&)-%6(&-9*+4&-#(1$/2"%.&1,(&-%"$,&)-%()$(4"*",&)-%6(5$"2/,+$"(%,)5(9)4)-%6(%,/$,(9)4)-(
2+,/,&)-%6(/-4(%5*&9"(%&,"(2+,/,&)-%6(/-4(-),"4(/-3(2+,/,&)-%(%./$"4(:3(2+*,&5*"(%5"9&"%(7&,.&-(/(9*/4"=(
g"(/*%)(-),"4("8/25*"%(&-(7.&9.("8)-%(7"$"(-),($"9)'"$"46(%)2"()1(7.&9.(2/3(9)$$"%5)-4(,)(7.)*"("8)-(
4"*",&)-%6(/*,.)+#.('/*&4/,&)-(7)+*4($";+&$"(2)$"(9)-,&#+)+%(#"-)2"(/%%"2:*&"%=(g"(,."-(5"$1)$2"4(
%"'"$/*(/-/*3%"%(,)("%,&2/,"(,."(5/,,"$-(/-4(,&2&-#()1(%.&1,%(&-(%"*"9,&)-(5$"%%+$"(&-(,)),.(#"-"%(/2)-#(
)+$(1)9/*(8"-/$,.$/-(,/8/=(

g"(1&$%,($"9)-%,$+9,"4(,."("')*+,&)-()1(,."(4Y@4S($/,&)(AtK(1)$("/9.(#"-"(+%&-#(,."(P/3"%&/-(/55$)/9.(
&25*"2"-,"4( &-(M)"')*(C=T:(AJ/$,&**),(/-4(])+f)*6(HICCK=(M)"')*(5$)'&4"%(/('&%+/*($"5$"%"-,/,&)-()1(,."(
'/$&/,&)-(&-(4Y@4S($/,&)("%,&2/,"%(/9$)%%(/(5.3*)#"-3(A"=#=(J/$,&**),(/-4(W"*%+96(HICHF(S5$&-#"$(",(/*=6(HICDK=(
g"(+%"4(,."(H9$@(5$)9"4+$"(,)(f)&-,*3("%,&2/,"(:$/-9.(%5"9&1&9(4Y@4S($/,&)%6(4&'"$#"-9"(,&2"%6(:)43(%&0"%6(
#"-"$/,&)-(,&2"%6(/-4(/#"%(/,(%"8+/*(2/,+$&,3(2)4"*"4(/%(/(2+*,&'/$&/,"(P$)7-&/-(4&11+%&)-(5$)9"%%(/9$)%%(
,."(5.3*)#"-3=(g"(+%"4(,."(%/2"(9)25)%&,"(5*/9"-,/*(2/22/*(,)5)*)#3(1)$(/**(/-/*3%"%(AR2"$*&-#(",(/*=6(
HICEF(Z&::(",(/*=6(HICOK6(/%%+2"4(1)%%&*(9/*&:$/,&)-%(1$)2(5$"'&)+%(%,+4&"%(A["$"4&,.(",(/*=6(HICC:F(R2"$*&-#(
",(/*6(HICEF(B)*"3(",(/*=6(HICOK6(/-4("8,$/9,"4(,."(,.$""(*&1"(.&%,)$3(,$/&,%(A:)43(%&0"6(#"-"$/,&)-(,&2"6(/-4(
/#"(/,(%"8+/*(2/,+$&,3K(1$)2(,."(]/->bR!\L(4/,/:/%"(AG)-"%(",(/*=6(HIIDK=(g"(%",(,."(5$&)$()-(,."($)),(
-)4"(,)(DQ([/(7&,.(/(%,/-4/$4(4"'&/,&)-()1(HI([/(1)**)7&-#(,."(2)*"9+*/$(4/,&-#("%,&2/,"%()1(["$"4&,.(
",( /*=( AHICC:K=( B)$( "/9.( 4/,/%",6(7"( $/-( ,7)( &-4"5"-4"-,([M[M( 1)$( /( ,),/*( )1( CIII( 939*"%6( %/25*&-#(
5/$/2","$%("'"$3(939*"=([M[M(9)-'"$#"-9"(7/%(9."9?"4(:3(2)-&,)$&-#(,."("11"9,&'"(%/25*"(%&0"()1(,."(
4&11"$"-,(5/$/2","$%(+%&-#(,."(C%8A?A$@;(9)22/-4()1(M)"')*=(>."(1&$%,(CII(5)&-,%()1("/9.([M[M(7"$"(
"89*+4"4(/%(:+$-&-(/-4(5)%,"$&)$(&-1"$"-9"%(7"$"(2/4"(1$)2(,."($"2/&-&-#(DII(%/25*"4(5)&-,%()1("/9.(
9./&-=(

Y"8,6( :/%"4( )-( ,."( 5/,,"$-%( )1( &-/9,&'/,&-#( 2+,/,&)-%6( 7"( 5"$1)$2"4( :$/-9.( 2)4"*( 4Y@4S( $/,&)(
/-/*3%"%( Au/-#(CDDUF(u/-#(/-4(Y&"*%"-6(CDDUK(+%&-#(A$H?@E( &-(]L[J('T=U( Au/-#6(HIIQK( ,)("%,&2/,"( ,."(
%"*"9,&)-(5$"%%+$"("85"$&"-9"4(:3(,."(4&11"$"-,(,)),.(#"-"%(,.$)+#.)+,(8"-/$,.$/-(.&%,)$3=(g"(+%"4(,."(
%/2"(,)5)*)#3(/%(1)$(M)"')*("%,&2/,&)-%(&-(/**(/-/*3%"%(/-4("25*)3"4(,."(1)**)7&-#(5$),)9)*(1)$("/9.(#"-"6(
7.&9.(&%(%+22/$&0"4(#$/5.&9/**3(&-(S+55*"2"-,/$3(B&#+$"(SH=(B&$%,6(7"($/-(A$H?@E(7&,.(/()-"<$/,&)(2)4"*6(
%+99"%%&'"*3("25*)3&-#(9)4)-(1$";+"-93(2)4"*%(I6(C(/-4(H6(,."-(+%&-#(,."(L?/&?"(\-1)$2/,&)-(M$&,"$&)-(
AL\MK( ,)( 4","$2&-"( ,."( :"%,<1&,,&-#( 2)4"*( AS+55*"2"-,/$3( >/:*"( STK=( Y"8,6( +%&-#( ,."( :$/-9.( 2)4"*(
/55$)/9.6(7"(/**)7"4(t ,)('/$3(/9$)%%(,."(5.3*)#"-3(&-(/(2+*,&<$/,&)(2)4"*(7&,.(:$/-9.(*/:"*%(%",(1)$(A/K(
"/9.( %",( )1( :$/-9."%(7&,.&-( /( 9*/4"( ,./,( 5)%,<4/,"( ,."(2&-&2+2(#"-"( &-/9,&'/,&)-( 4/,"( &-1"$$"4( 1$)2(
%./$"4( &-/9,&'/,&)-( 2+,/,&)-%6( A:K( "/9.( :$/-9.( ,./,( 9)&-9&4"%( 7&,.( &-1"$$"4( #"-"( &-/9,&'/,&)-6( /-4( A9K(
9"$,/&-(:$/-9."%(,./,(5$"4/,"(#"-"(&-/9,&'/,&)-6()1,"-(#$)+5"4(,)#",."$(7&,.(2+*,&5*"(%+9.(:$/-9."%=(Y),"(
,./,(,.&%(4)"%(-),(9)$$"%5)-4(,)(/(1$""($/,&)(2)4"*6(:+,($/,."$(1)**)7%(/(5$"'&)+%*3(4"%9$&:"4(/55$)/9.(
A["$"4&,.(",(/*=6(HIIDK=(\-("'"$3(9/%"6(7."-(,/8)-($"5$"%"-,/,&)-(7/%(%+11&9&"-,6(7"(%",(%"5/$/,"(:$/-9.(
9/,"#)$&"%(1)$(%,"2(`"-/$,.$/6(%,"2(]&*)%/6(%,"2(M&-#+*/,/6(%,"2(M.*/235.)$&4/"6(/-4(%,"2(W/%35)4&4/"=(
L**(-)-<8"-/$,.$/-(:$/-9."%(7"$"(#$)+5"4(,)#",."$(&-(/(%&-#*"(t(9/,"#)$3=(Z&'"-(,./,(/**(%"*"9,"4()+,#$)+5(
,/8/( ./'"( ,"",.( 7&,.( "-/2"*6( ,.&%( :/9?#$)+-4( 4Y@4S( $/,&)( 7/%( /%%+2"4( ,)( :"( ,."( /'"$/#"( :/%"*&-"(
A:/9?#$)+-4K(t("%,&2/,"(1)$(1+-9,&)-/*(4"-,/*(#"-"%=(B&-/**36(%+:%";+"-,(2)4"*%(7"$"($+-(&-(7.&9.(1)9/*(
8"-/$,.$/-(:$/-9."%(7"$"(1&8"4(/%(5/$,()1(,.&%(:/9?#$)+-4($/,&)(/-4(,."-(C6($"%5"9,&'"*36(,)(,"%,(&1(,."3(
4&'"$#"4( %&#-&1&9/-,*3( 1$)2( ,."%"( 9)-,$/%,&-#( /%%+25,&)-%( )1( 5+$&13&-#( %"*"9,&)-( A:/9?#$)+-4K( '"$%+%(
$"*/8"4(%"*"9,&)-(At(q(CK=(L%(/-("8/25*"6(,."(%,"2(8"-/$,.$/-(:$/-9.(7/%(1$""*3("%,&2/,"4(&-(,."(&-&,&/*(
2+*,&<$/,&)(2)4"*6(,."-(/(%"9)-4(2)4"*(1&8"4(,."(%,"2(8"-/$,.$/-(:$/-9.(/%(5/$,()1(,."(:/9?#$)+-4($/,&)6(
/-4(,."-(/(,.&$4(2)4"*(1&8"4(,."(%,"2(8"-/$,.$/-(:$/-9.(/,(C=(>.&%(7/%(9/$$&"4()+,(1)$(/**(-)-<:/9?#$)+-4(
:$/-9."%=([)4"*%(7"$"(,."-(9)25/$"4(%,/,&%,&9/**3(+%&-#(*&?"*&.))4<$/,&)(,"%,%(Au/-#6(HIIQK=(

<,.'0#.*

A)&,.4$,2&*4.,'&%1,").2#)%"*%=*&,"#20*1,",.*)"*8,"2$#-$2".*
Y&-"( )+,( )1( ,."( CC( "8/2&-"4( ,)),.( #"-"%( /$"( &-/9,&'/,"4( &-( 2)%,( 8"-/$,.$/-%6( ,.)+#.( ,."$"( /$"(

4&11"$"-,( 5/,,"$-%( 4&%,&-9,( ,)( 9"$,/&-( 9*/4"%( AB&#+$"( CF( S+55*"2"-,/$3( >/:*"%( SE<SCEK=( >."( ,)),.*"%%(
/-,"/,"$%(./'"(,."(#$"/,"%,(5$)5)$,&)-()1(5%"+4)#"-&0"4(#"-"%(AUHmK6(1)**)7"4(:3(,."("-/2"**"%%(%*),.%(
AEEm<OTmK(/-4(9.*/235.)$&4(/$2/4&**)%(ATE<EEmK6(/-4(,."(7"/?*3<"-/2"**"4(4/%35)4&4(/$2/4&**)%(AHQ<
TEmK=(
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Z"-"%( "-9)4&-#( ,."( "-/2"*(2/,$&8( 5$),"&-%( AR[]%K( /$"( 9)22)-*3( &-/9,&'/,"4=( L2)-#( /**( 5&*)%/-%(
A/-,"/,"$%( /-4( %*),.%K6( )+,-6( )+./0( /-4( .-)+( /$"( 5%"+4)#"-"%( AB&#+$"( HK=( L2)-#( 9.*/235.)$&4%6(
.-)+( /-4( )+./0( /$"( &-/9,&'/,"4( &-( /**( %5"9&"%6( 7."$"/%( )+,-( '/$&"%6( /55"/$&-#( &-,/9,( &-( %)2"(
"+5.$/9,&-"%=( >."( %";+"-9"%( 1)$( ,."( */,,"$( $"2/&-( &-9)25*","6( .)7"'"$6( $/&%&-#( ,."( 5)%%&:&*&,3( )1(
+-4","9,"4( &-/9,&'/,&-#(2+,/,&)-%=(g&,.&-( 4/%35)4&4%6(R[]%( /$"( */$#"*3( &-,/9,i(.-)+( &%( '/$&/:*"( &-( &,%(
&-/9,&'/,&)-6()+./0( &%( -"'"$( /( 5%"+4)#"-"( /-4( )+,-( &-/9,&'/,&)-( &%( )-*3( %+##"%,"4( :3( /( %,/$,( 9)4)-(
2+,/,&)-(&-(,."(-&-"<:/-4"4(/$2/4&**)(A289:;<9!=$>?@AB=AC<9K=(

 

F)1'$,*G*H*W"-,/*(#"-"(&-/9,&'/,&)-%(/9$)%%(̀ "-/$,.$/(&-4&9/,&-#(4&%,$&:+,&)-()1(#"-"(*)%%"%(A$&#.,K(
/-4( &-1"$$"4( $"#$"%%&'"( 4"-,/*( "'"-,%( :/%"4( )-( %./$"4( &-/9,&'/,&-#( 2+,/,&)-%( AS\[%K( )1( ?"3(
#"-"%(A*"1,K=(\-1"$$"4($"#$"%%&'"(4"-,/*("'"-,%i(,.&-("-/2"*(q("'&4"-9"()1(&-/9,&'/,&)-(&-()"*#F(
/:-)$2/*(f+-9,&)-/*("5&,."*&+2(q("'&4"-9"()1(&-/9,&'/,&)-()1(:),.()+1-(/-4(52)+F("-/2"**"%%(
,"",.( q( &-/9,&'/,&)-( )1( )+./0F( ,)),.( *)%%( q( &-/9,&'/,&)-( )1( 52)*6( /-4( 23**( A%""( ,"8,( 1)$(
&-,"$5$",/,&)-%K=( Z"-"( *)%%"%( &-( $&#.,( 9)*+2-%( /$"( &-4&9/,"4( :3( ,."( 1)**)7&-#i( v( q( 5)%&,&'"(
"'&4"-9"( )1( 5%"+4)#"-&0/,&)-F( w( q( -)( 5)%&,&'"( "'&4"-9"( )1( 5%"+4)#"-&0/,&)-6( :+,( #"-"(
&-/9,&'/,&)-(&-1"$$"4(1$)2(5.3*)#"-",&9(4&%,$&:+,&)-()1(%./$"4(2+,/,&)-%F(h(q(-)(4/,/F("25,3(:)8(
q(#"-"(5+,/,&'"*3(&-,/9,=(P$/-9."%()-(7.&9.(#"-"(&-/9,&'/,&)-%()99+$$"4(/$"(&-1"$$"4(1$)2(S\[%6(
7.&9.(/$"(%+22/$&0"4(&-(,."(!"%+*,%6(B&#+$"%(H(/-4(V(/-4(S+55*"2"-,/$3(>/:*"%(SEsSCE=(>&2&-#(
)1( #"-"( &-/9,&'/,&)-%( /$:&,$/$&*3( 5*/9"4( 2&47/3( )-( ,."( 9)$$"%5)-4&-#( :$/-9.6( &-4&9/,"4( :3(
,"$2&-/,&)-()1(9)*)$"4(:$/-9.=(M)*)$%()-(:$/-9."%(9)$$"%5)-4(,)(#"-"%(+%&-#(,."(%/2"(9)*)$%(
)-(,."($&#.,(A"=#=6()+./0(q($"46()+,-(q()$/-#"6(",9=K=(M)*)$"4(9&$9*"%(7&,.(*",,"$%(]6(d6(M(/-4(W(
9)$$"%5)-4(7&,.(*",,"$%(&-(B&#+$"%(H(/-4(V=(

(
>."(2",/**)5$),"&-/%"<"-9)4&-#(++*'4(#"-"(&%(9*"/$*3(5%"+4)#"-&0"4(&-(/**(5&*)%/-(%5"9&"%(AB&#+$"(HK=(

L2)-#( /$2/4&**)%6( ,."( 4/,/( %+##"%,( /( '"$3( 4&11"$"-,( ,$"-4i( )-*3( ,7)( %5"9&"%( 5$)'&4"( "'&4"-9"( )1(
&-/9,&'/,&)-6(7&,.(,."(./&$3(*)-#<-)%"4(/$2/4&**)(A289:;<9!;BE$9<9K(./'&-#(/(%&-#*"(%,)5(9)4)-(&-("8)-(H6(
/-4(,."(-)$,."$-( *)-#<-)%"4(/$2/4&**)( A2M!98F8=BA$E8K(5)%%"%%&-#(/(5)*32)$5.&9(%,)5(9)4)-( &-("8)-(U=(
[&%%&-#(4/,/(&%(/-(&%%+"(1)$(%)2"("8)-(9/5,+$"(%";+"-9"%6(:+,(9)25*","(%";+"-9"%(/$"(5$)'&4"4(1)$(%5"9&"%(
7&,.( #"-)2"( /%%"2:*&"%6( %+##"%,&-#( ,./,( ++*'4( &%( &-4""4( &-,/9,( &-( 2/-3( &1( -),( ,."( '/%,( 2/f)$&,3( )1(
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/$2/4&**)%6( /( 9)-9*+%&)-( 1+$,."$( %+55)$,"4( :3( %"*"9,&)-( 5$"%%+$"( /-/*3%"%( :/%"4( )-( 4Y@4S( $/,&)( A%""(
:"*)7K=((

>."( #"-"%( "-9)4&-#( ,."( /2"*):*/%,( /-4( #&-#&'/<"85$"%%"4( /2"*),&-( A)+1-K( /-4( )4)-,)#"-&9(
/2"*):*/%,</%%)9&/,"4(5$),"&-(A52)+K(/$"(/*2)%,(+-&'"$%/**3(&-/9,&'/,"4(&-(8"-/$,.$/-%(AB&#+$"(CsVK=(>."(
*)-"("89"5,&)-(&%(52)+(&-(,."(,.$""<1&-#"$"4(%*),.%(A,%8H:;<9(%55=K6(/**()1(7.&9.(1/&*(,)(%.)7("'&4"-9"()1(
&-/9,&'/,&)-=((

L2)-#(,."(,7)(#"-"%("-9)4&-#(5$),"&-%(7&,.(*"%%(9*"/$($)*"%(&-("-/2"*(1)$2/,&)-(A)"*#6(52)*6K6()-*3(
)"*#(%.)7%("'&4"-9"()1(7&4"%5$"/4(5%"+4)#"-&0/,&)-6(:"&-#(+-/2:&#+)+%*3(&-/9,&'/,"4(&-("'"$3(%5"9&"%(
1)$(7.&9.(7"(./4(%+11&9&"-,(4/,/(AB&#+$"%(H(/-4(VK6(/-4(1+$,."$(%+55)$,"4(:3(5/,,"$-%()1(%./$"4(2+,/,&)-%(
A%""(:"*)7K=(P3(9)-,$/%,6(52)*6(&%()-*3(&-/9,&'/,"4(&-(/-,"/,"$%(AB&#+$"(HK=((

B&-/**36( /2)-#( ,."(#"-"%("-9)4&-#(4"-,&-)#"-"%&%(5$),"&-%( A23**6(2+*76(+.*.K6()-*3(23**( %.)7%(
"'&4"-9"()1(&-/9,&'/,&)-6(/-46(/#/&-6(%)*"*3(/2)-#(,."(/-,"/,"$%(AB&#+$"(HK=(2+*7(/-4(+.*.(./'"(&25)$,/-,(
$)*"%(&-(:)-"(1)$2/,&)-(AZ+**/$4(",(/*=6(HICOF(S+-(",(/*=6(HICCK6(7.&9.(2/3("85*/&-(,."&$(9)-%&%,"-,($","-,&)-=(
(
<,(%".#$'(#)"1*42##,$".*%=*.-2$,&*)"2(#)D2#)"1*3'#2#)%".*

>."(5$"%"-9"()1(%./$"4(&-/9,&'/,&-#(2+,/,&)-%(AS\[%K(5$)'&4"%(%,$)-#("'&4"-9"(1)$(,."(2&-&2+2(4/,"(
)1(5%"+4)#"-&0/,&)-(&-(/(*&-"/#"=(\16(1)$("8/25*"6(/(1$/2"%.&1,(&-4"*()$(5$"2/,+$"(%,)5(9)4)-()99+$%(/,(,."(
%/2"(5)%&,&)-(&-(/**(%5"9&"%(7&,.&-(/(9*/4"6(,."-(&,(&%(2)$"(5/$%&2)-&)+%(,)(/%%+2"(,./,(&,(7/%(&-."$&,"4(
1$)2(/(9)22)-(/-9"%,)$($/,."$(,./-(:"&-#(&-4"5"-4"-,*3(4"$&'"4=(B+$,."$2)$"6(2+*,&5*"(S\[%(7&,.&-(/(
#"-"(%,$"-#,."-(,."(9/%"(1)$(%./$"4(.&%,)$3=((

g"(1)+-4(-)(+-/2:&#+)+%(&-/9,&'/,&-#(2+,/,&)-%(%./$"4(/2)-#(/**(8"-/$,.$/-(%+:9*/4"%=(g.&*"(7"(
7"$"(+-/:*"(,)($"9)'"$(,."(9)25*","(9)4&-#(%";+"-9"(1)$("'"$3(#"-"(&-("'"$3(%5"9&"%6(,."(5.3*)#"-",&9(
4&%,$&:+,&)-()1(,/8/(4"$&'"4(1$)2(7.)*"(#"-)2"(%";+"-9&-#(2"/-%(,./,(,.&%(&-1"$"-9"(&%(+-*&?"*3(,)(:"(,."(
$"%+*,()1(2&%%&-#(4/,/(AS+55*"2"-,/$3(B&#+$"%(SV<SCVK=((P3(9)-,$/%,6(7"(1)+-4(2+*,&5*"("8/25*"%()1(S\[%(
/2)-#(5&*)%/-%6(4/%35)4&4%(/-4(9.*/235.)$&4%6($"%5"9,&'"*3(AB&#+$"%(H(/-4(V6(S+55*"2"-,/$3(>/:*"%(SE6(
SQ6(SU6(SCC6(SCV6(SCTK=((

B)$(5&*)%/-<%5"9&1&9(S\[S6(/**( ,"-(%5"9&"%(7"("8/2&-"4(%./$"4(/(5$"2/,+$"(%,)5(9)4)-( &-("8)-(T()1(
)+./0=(R8)-(T()1()+1-(&%(1)**)7"4(:3(/(%5*&9"(4)-)$(2+,/,&)-(AZ>(x(L>K(%./$"4(:3(,7)<1&-#"$"4(%*),.%(
A"G$E$?;<9(%55=K(/-4(,."(53#23(A":AE$;?9!HBH8AC:E<9K(/-4(#&/-,(A+:%@?A$;G8K8!C%BH8AC:E8K(/-,"/,"$%=(R8)-(
U()1(.-)+(./%(,.$""(S\[%(/9$)%%(5&*)%/-%6(&-9*+4&-#(/(C<:5(4"*",&)-6(5$"2/,+$"(%,)5(9)4)-(/-4(/($)+#.*3(
EHI( :5( &-%"$,&)-=( L2)-#( ,."( ,.$""( %*),.%( /-4( ,7)(/-,"/,"$%( 1)$(7.&9.(7"( /%%"2:*"4( /**( )1( "8)-( O( )1(
++*'46(,."3(%./$"(/(C<:5(4"*",&)-=(B)$()"*#6(7"(1)+-4("'&4"-9"()1(/(VU<:5(4"*",&)-(&-("8)-(T(/-4(,7)(C<
:5(4"*",&)-%(&-("8)-(Q(/9$)%%(1)+$(%*),.%(/-4(,.$""(/-,"/,"$%(A-),"i(,."(*/,,"$(/*&#-2"-,(&%(/2:&#+)+%(/-4(
2/3($"1*"9,(/(%&-#*"(H<:5(4"*",&)-K=(B&-/**36("8)-(V()1()+,-(&%(5$"9"4"4(:3(/(%5*&9"(/99"5,)$(2+,/,&)-(ALZ(
x(L>K(&-(%*),.%6(:+,(,.&%("8)-(&%(2&%%&-#(&-(/-,"/,"$%=(g.&*"(,.&%(*"/'"%()5"-(,."(5)%%&:&*&,3(,./,(,.&%(#"-"(
7/%(&-/9,&'/,"4(&-(/(%,"2(5&*)%/-6(,."(4Y@4S($/,&)($"%+*,%($"-4"$(,.&%(5)%%&:&*&,3(+-*&?"*3(A%""(:"*)7K=(

>7)(#"-"%(/55"/$(,)(./'"(:""-(&-/9,&'/,"4(/,(2&-&2+2(&-(/(%,"2()$(9$)7-(%*),.(*&-"/#"(AB&#+$"(CK=(L**(
%*),.%(5)%%"%%(,.$""(S\[%(&-()+,-6(/-4(,7)<1&-#"$"4(%*),.%(5)%%"%%(/(%&-#*"(S\[(&-(52)+(A"8)-(U6(CI<:5(
4"*",&)-K6(7&,.(,.$""<1&-#"$"4(%*),.%(*/9?&-#(/-3(4&%9"$-&:*"(&-/9,&'/,&-#(2+,/,&)-%(&-(52)+=(B)+$(#"-"%(
/55"/$(,)(./'"(:""-(*)%,(&-(,."(%,"2()$(/(9$)7-(/-,"/,"$(*&-"/#"(AB&#+$"(CK=(L-,"/,"$(S\[%(&-9*+4"(/(%,)5(
9)4)-(&-("8)-(D()1(52)+6(/(C<:5(&-%"$,&)-(&-("8)-(V()1(52)*66(/-4(/(H<:5(4"*",&)-(&-("8)-(V()1(23**(
AB&#+$"( HK=( P3( 9)-,$/%,6( )+,-( )-*3( 9*"/$*3( 5)%%"%%"%( S\[%( A1)+$K( :",7""-( ,."( #&/-,( A+:%@?A$;G8K8!
C%BH8AC:E8K(/-4(*"%%"$(/-,"/,"$%(A18@8=H<8!%55MK=(

g"(1)+-4(-)("'&4"-9"()1(S\[%(%./$"4(/2)-#(/**(/$2/4&**)%6(:+,()+1-L 52)+(/-4()"*#(/**(9)-,/&-(
S\[%(+-&;+"(,)("/9.(%+:9*/4"(AB&#+$"(VK=(L2)-#(9.*/235.)$&4%6(/(9.*/235.)$&-"6("+5.$/9,&-"6(/-4(,7)(
,)*35"+,&-"(/$2/4&**)%(5)%%"%%(/( %5*&9"(4)-)$(2+,/,&)-( &-( &-,$)-(C()1()+1-( AZ>(x(ZZK6(/-4( ,."( %/2"(
%5"9&"%(%./$"(/(CE<:5(4"*",&)-()1(,."(%5*&9"(4)-)$($"#&)-()1(&-,$)-(H(&-(52)+=(B)$()"*#,(,."$"(&%(/(C<:5(
4"*",&)-(&-("8)-(E(/-4(/(%5*&9"(/99"5,)$(2+,/,&)-(AZ>(x(ZZK(&-(&-,$)-(E(/2)-#(:),.(9.*/235.)$&-"%6(,.$""(
,)*35"+,&-"%6(/-4("+5.$/9,&-"%=(L2)-#(4/%35)4&4%6(/(C<:5(4"*",&)-(&%(1)+-4(&-("8)-(Q()1()+1-6(52)+(./%(
5$"2/,+$"(%,)5(9)4)-%(&-("8)-%(T(/-4(D6(/-4()"*#(./%(/,(2&-&2+2(CV(S\[S(/9$)%%(/,(*"/%,(1&'"("8)-%=(
Y),"( ,./,(7"( 4&4( -),( $"9)'"$("8)-( C( )1()+1-( &-( /-3(4/%35)4&4%6(7.&9.(2"/-%( ,./,( ,."( %5*&9"( 4)-)$(
2+,/,&)-(1)+-4(&-(9.*/235.)$&4%(9)+*4(:"(%./$"4(/2)-#(/**(/$2/4&**)%=(4Y@4S(/-/*3%"%(%+##"%,(,.&%(&%(/(
'&/:*"(:+,(+-9"$,/&-(5)%%&:&*&,3(A%""(:"*)7K=((

8 Christopher A Emerling et al.

Peer Community Journal, Vol. 3 (2023), article e75 https://doi.org/10.24072/pcjournal.303

https://doi.org/10.24072/pcjournal.303


 

 

F)1'$,*I(<(WYL(/*&#-2"-,%(5$)'&4&-#("8/25*"%()1(%./$"4(&-/9,&'/,&-#(2+,/,&)-%(&-4&9/,&-#(?"3(
4"-,/*(#"-"(*)%%"%(&-(5&*)%/-%=(M)*)$"4(9&$9*"%(7&,.(,."(*",,"$%(](/-4(d(9)$$"%5)-4(7&,.(*",,"$%(
&-(B&#+$"(C=(](q(#"-"(&-/9,&'/,&)-(&-1"$$"4()-(%,"2(]&*)%/(:$/-9.F(d(q(#"-"(&-/9,&'/,&)-(&-1"$$"4(
)-(%,"2(d"$2&*&-#+/(:$/-9.=(]/&-,&-#%(:3([&9."**"(S=(B/:$)%=(
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