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+(-./()!,))!814.4!>R1/'-(Tb,+51/(!#FF`H:!
R(/1(C1/!814.'+'214!,/1!(3.1-!/1*,/212!,4!6-3,'/)9!1+(-(7'+,)!4'-+1!.51'/!'-2'/1+.!
+(4.4! 46+5! ,4! 2'41,414K! 8())6.'(-K! 1)'7'-,.'(-! (3! -(-T.,/*1.! (/*,-'474! ,-2!
'-.1/31/1-+1! ='.5! .51! 1+(494.174! 1-2! 68! .(! 01! 8,'2! 09! 4(+'1.9! >U(4.,-X,! 1.! ,):!
"@@`B!b'71-.1)!#FF@H:!!
I51!'-+/1,4'-*!/14'4.,-+1!(3!814.4!.(!814.'+'214!K!.51!-1=!/1<614.4!(3!/14'261!3/11!
3((2! 09! 4681/7,/J1.4! ,-2! +(-4671/4! ,-2! .51! 1-2(/4171-.! (3! '-.1*/,.12! 814.!
7,-,*171-.! 3/(7! *(C1/-71-.,)! '-4.'.6.'(-4! )'J1! .51! _6/(81,-! \-'(-! ,/1! ,))!
3,+.(/4! )'J1)9! .(! 4.'76),.1! 0'()(*'+,)! +(-./()! '-! ,*/'+6).6/1! '-! .51! C1/9! -1Z.!
36.6/1>C,-!D1-.1/1-!#F"#H:!
!
!
.-&./0102/341&3056701&/5&A079=6&95B/705<956=&

;-!3(/14.!,/1,4K!0'()(*'+,)!+(-./()!/18/141-.4!,-!'21,)!4./,.1*9!3(/!814.!4688/144'(-!
4'-+1!.51!C1/9!4,71!/14(6/+14!(3!-,.6/1!+,-!(3.1-!01!46++14436))9!1Z8)('.12:!;-!.51!
8,4.! .5'4!4./,.1*9!=,4!(3.1-!1//(-1(64)9!/1*,/212!,4!,!8,-,+1,! 3(/!,))!8/(0)174:!
V1C1/.51)144! 36/.51/! '-C14.'*,.'(-4! 45(=12! .5,.! '-! 46+5! ,! +(-.1Z.! 41C1/,)!
2'33'+6).'14!7,9!,/'41!26/'-*!.51!8),--'-*!,-2!.51!1Z1+6.'(-!(3!814.!7,-,*171-.!
8/(*/,74! >I'01/'K! #FF@H:! ;-! -,.6/,)! 5,0'.,.4! 0'()(*'+,)! +(-./()K! 3,/! 3/(7! 01'-*! ,!



! N!

6-'C1/4,)!4()6.'(-!3(/!814.!7,-,*171-.K!7,9!/18/141-.!91.!,!C,)'2!.(()!.(!+(-./()!
859.(85,*(64! '-41+.4:! ;-! 3,+.K! '-! .51! 8/(.1+.'(-! (3! .5'4! 1+(494.174! '.! '4! (3.1-!
'78(44'0)1!.(!,+5'1C1!='.5!,!4'-*)1!'-.1/C1-.'(-!.51!4,71!)1C1)!(3!133'+,+9!/1<6'/12!
(/!1Z81+.12!'-!.51!+(-.1Z.!(3!,*/'+6).6/1!>U(C,44'!,-2!R,46..'K!"@@@H:!
;-! 3(/14.! ,/1,4! /1)1C,-.! '-.1/C1-.'(-4! (3.1-! /1<6'/1! .(! /1T14.,0)'45! ,! 8/1C'(64)9!
,).1/12! -,.6/,)! 1<6')'0/'67! (/! '-! +,41! (3! 0'()(*'+,)! '-C,4'(-! .(! 3,C(/! ,! 8/(81/!
0,),-+1! 01.=11-! .51! '-./(26+12! 859.(85,*(64! ,-2! '.4! -,.6/,)! 1-17'14:! I5141!
(0S1+.'C14!+,-!01!36)3'))12!1'.51/!09!.51!7,-'86),.'(-!(3!'-.1/481+'3'+!/1),.'(-45'84!
(/! 09!7(2'39'-*! '-./,481+'3'+! '-.1/,+.'(-4:! ;-! .51! 3'/4.! +,41! '-(+6),.'C1!0'()(*'+,)!
+(-./()!+,-!01!81/3(/712!09!.51!'-./(26+.'(-!(3!-,.6/,)!1-17'14!./,-431//12!3/(7!
5'*5T21-4'.9!.(!)(=T21-4'.9!,/1,4:!!
;-! .51! 41+(-2! '-4.,-+1! '-4.1,2K! .51! C1/9! 4,71! '-./,481+'3'+! 015,C'(/! (3! ,!
859.(85,*(64!'4!,/.'3'+',))9!,).1/12!'-!,!=,9!.5,.!7,9!01-13'.!.51!1-.'/1!1+(494.17!
>I'01/'K!#FF@H:!!
!
&

&

+-&D79>4607=&4=&?9=6&3056701&42956=&/5&A079=6&95B/705<956=&
[(/!=5,.! +(-+1/-4!8/12,.(/4! ,4!814.! +(-./()! ,*1-.4K! /141,/+5!133(/.4! 3(+6412!(-!
0'()(*'+,)! +(-./()! (3! .51! )18'2(8.1/,-!213()',.(/!b'-1!b/(+144'(-,/9!R(.5! >bbRH!
>!"#$%&'()(&#* )+',(-#%)#! ?1-'4! 1.! Y+5'331/7c))1/H! >D182(8.1/,! V(.(2(-.'2,1H!
09! .51! 178)(971-.! (3! .(/%+-#* /$0#* >D:H! >^971-(8.1/,! [(/7'+'2,1H:* _-.'/1!
+()(-'14!(3!.5'4!*1-1/,)'4.!8/12,.(/!(3!)18'2(8.1/,-!),/C,1!=1/1!+())1+.12!'-!.51'/!
,)8'-1!-,.6/,)!4'.14!,-2!./,-431//12!.(!8'-1!4.,-24!4+,..1/12!'-!.51!P881-'-14!,-2!
(.51/!712'.1//,-1,-!5,0'.,.4:!^(=1C1/K!2148'.1!.51!133(/.4!+,//'12!(6.!.5/(6*5(6.!
.51!),4.!#F!91,/4!(-)9!7(214.!/146).4!=1/1!,+5'1C12!>b,C,-K!"@G@H:!Y(71!,6.5(/4!
8('-.12!(6.!.5,.!.51!),+J!(3!(8.'7,)!+)'7,.'+!+(-2'.'(-4!,-2!.51!,041-+1!'-!.51!-1=!
5,0'.,.4! (3! 5(-1921=! 3/(7! ),+5-'2! ,85'24! 7,9! 8,/.',))9! 1Z8),'-! .51! 3,')6/1! (3!
.5141!'-41+.4!,4!814.!+(-./()!,*1-.4!>U(C,44'!,-2!R,46..'!"@@@H:!
R(/1! /1+1-.)9K! '-! I6/J19K! .51! 8(.1-.',)! (3! 1#2(3(%#* 3,-()"#4'#! >U()1(8.1/,!
U,/,0'2,1H!D:! ,4!,!0'()(*'+,)! +(-./()! ,*1-.!=,4!1C,)6,.12! '-!,!8/(*/,7!,'712!,.!
.,/*1.'-*! .51! 4,71! bbR:! I(! .5'4! 1-2! .5'4! 011.)1!=,4!7,44! /1,/12! '-! ),0(/,.(/9!
64'-*! ),/C,1! (3! !5* )+',(-#%)#6* !5* 3(2+'#/+#! [/191/! 12! 7)"&3'+#* 8$&"4+&22#! d1))1/!



! @!

>D18'2(8.1/,!b9/,)'2,1H>e,-,.!,-2!fX0(),.K!#FFAH:!
D'J1='41K! 4(71!8/12,.(/4!(3!9#'3$-(--$3! U(+J! >^(7(8.1/,!R,/*,/(2'2,1H!=1/1!
),0(/,.(/9!/1,/12! '-! ;.,)9:!I5141!+(-./()!,*1-.4!=1/1!.51!517'8.1/,-!,-.5(+(/'2!
72#'()"+2$3*4+:/+-(/4+3!>d1..1/4.1,2HK!,-2!75*)+4+!>&g/1-48/6-*H!,-2!.51!+(++'-1))'2!
011.)1! ;",<(=+$3* -"/,3(%&2(+>&3! >^1/04.H! >U()1(8.1/,! U(+'-1))'2,1HK! ,! 481+'14!
8,/.'+6),/)9! ,+.'C1! (-! 1**4! ,-2! 9(6-*! ),/C,1! (3!9#'3$-(--$3* 0&,'#$>+* >?6+,441H5*
I5141!011.)14!=1/1!.51-!/1*6),/)9!/1+(/212!'-!?+4$3*)+4#3'&/!4.,-24!'-314.12!09!95*
0&,'#$>+*>U(C,44'!&'*#2:K!"@@"H!
!
&

&

#-&./0102/341&3056701&FG&?474=/60/>=&/5&A079=6&95B/705<956=&
;-!.51!),4.!21+,214!((8,/,4'.('24!5,C1!011-!.5(/(6*5)9!'-C14.'*,.12!3(/!.51'/!7,44!
/1,/'-*! 8(.1-.',)! (-! -,.6/,)! ,-2! 3,+.'.'(64! 5(4.4! ,-2! 3(/! .51'/! +,8,+'.9! .(! .,/*1.!
814.4!'-!3(/14.!1-C'/(-71-.4:!!
;-!"@A"!.51!8(.1-.',)!/()1!(3!8,/,4'.('24!'-!.51!+(-./()!(3*!"#$%&'()(&#*@+8+43(4+!
I,74K!,!7,S(/!+(-'31/(64!814.!'-!;4/,1)K!=,4!'-C14.'*,.12!09!^,)81/'-!>"@@FH:!;-!,!
3'/4.! 46/C19! ,'712! ,.! 1C,)6,.'-*! .51! (++6//1-+1! (3!!5*@+28+43(4+! 1**! 8,/,4'.('24K!
A(&4-,/'$3* )+',(-#%)#&! >R1/+1.H! >^971-(8.1/,! _-+9/.'2,1H! =,4! 21.1+.12! '-!
7(4.!(3!.51!'-314.12!4'.14B!,!8,/,4'.'X,.'(-!81,J!(3!G:@Q!=,4!/1+(/212!'-!.51!7(4.!
51,C')9!'-314.12!4.,-24:!
P3.1/=,/2K!,! 3'1)2! ./',)!=,4!+,//'12!(6.! '-!=5'+5!AFF!1**!0,.+514!(3!!5*@+28+43(4+!
=1/1!+())1+.12!3/(7!8'-1!4.,-24!='.5!5'*5!81,J4!(3!A5*)+',(-#%)#&!8,/,4'.'X,.'(-!
,-2!46041<61-.)9!1Z8(412!'-!-'-1!4.,-24!,.!,-!,).'.621!(3!#FFT`GF!7!=51/1!,!)(=!
)1C1)!(3!8,/,4'.'X,.'(-!5,2!011-!8/1C'(64)9!/1+(/212!!
P.! .51!1-2!(3! .51!0/112'-*! 41,4(-!1**!0,.+514!=1/1! +())1+.12!,*,'-! '-! .51! 4,71!
4.,-24! '-! (/21/! .(! 14.'7,.1! 8(44'0)1! C,/',.'(-4! '-! .51! 8,/,4'.'X,.'(-! /,.1:! P-!
,C1/,*1! '-+/171-.!(3!8,/,4'.'X,.'(-!09!"`T3()2!=,4! /1+(/212! '-! .51! ./1,.12!8'-1!
4.,-24! +(78,/12! ='.5! ,! $T3()2! (-1! '-! +(-./()! 4.,-24:! ^(=1C1/! 36/.51/! 4.62'14!
45(=12!.5,.!46+5!,!)1C1)!(3!+(-./()!+(6)2!(-)9!01!,+5'1C12!'-!91,/4!='.5!7')2!,-2!
/,'-! 3/11! ,6.67-4:! ?148'.1! .5141! 2/,=0,+J4! .51! 4,71! ,6.5(/! ,/*614! .5,.! A5*
)+',(-#%)#&! /1)1,41! 7,9! 01! +(4.T1331+.'C1! 1C1-! =51-! )(-*T.1/7! 3(/1+,4.4! (3!
.1781/,.6/1!,-2!8/1+'8'.,.'(-!,/1!-(.!,C,'),0)1:!!



! "F!

;-!,!"@`$!3'1)2!1Z81/'71-.K!A(&4-,/'$3*&44(%()"#:$3!h(45'7(.(K!=,4!/1)1,412!'-!
.=(! 3(/14.4! (3! U(--1+.'+6.! '-! (/21/! .(! +(-./()! .51! 1)7! 48,-=(/7* 744(%(3*
3$=3+:4#/+$3* D:K! >D18'2(8.1/,! E1(71./'2,1H ,! 8()985,*(64! 213()',.(/! (3!
5,/2=((24:!I5'4!8,/,4'.('2!8/(C12!.(!01!8,/.'+6),/)9!133'+'1-.!'-!.51!6881/!4./,.,!
(3! .51! 3(/14.! =51/1! 7(4.! (3! .51! 1)7! 48,-=(/7* 1**4! ,/1! ),'2K! 46++112'-*! .(!
8,/,4'.'X1!,)7(4.!,))!5(4.!1**4!>P-21/4(-!,-2!e,9,K"@`$H!

;-! "@@`K! '-! ,! +(-'31/(64! 4.,-2! +)(41! .(! [)(/1-+1! >;.,)9H! '-314.12! 09! .51! b'-1!
b/(+144'(-,/9! R(.5K! NFF! 317,)14! (3! .51! _6)(85'2! ((8,/,4'.('2! B#/,3-#)$3*
3&/C#>&++! >?(71-'+5'-'H! >^971-(8.1/,! _6)(85'2,1H! =1/1! /1)1,412! '-! (/21/! .(!
+(-./()!.51!814.:!;-!.51!3())(='-*!91,/4!,!5'*51/!8,/,4'.'X,.'(-!/,.1!=,4!/1+(/212!
'-! .51! 4,71! ,/1,! ,4! ,! +(-41<61-+1! (3! .51! 8(86),.'(-! '-+/1,41! (3! .51! 16)(85'2:!
V1C1/.51)144!,3.1/!.51!/1)1,41!,!8,/,))1)!21+/1,41!(3!A5*)+',(-#%)#&!>R1/+1.H!=,4!
/1+(/212!'-!.51!4,71!4'.1!>I'01/'K!"@NFH:!E((2!/146).4!'-!.1/7!(3!814.!+(-./()!=1/1!
,+5'1C12! '-! ,! 4'7'),/! 0'()(*'+,)! +(-./()! 8/(*/,7! +,//'12! (6.! '-! Y'+')9! =51/1! ,!
8(86),.'(-!(3!A(&4-,/'$3*8$@#4#&!>^(=,/2H!=,4!/1)1,412!'-!(,J!4.,-24!+()(-'X12!
09!D,%#4'/+#*>+3)#/!>D:H!>D18'2(8.1/,!_/10'2,1H>D(-*(!&'*#2:K!"@@%H:!!

b'-1! b/(+144'(-,/9! R(.5K! '-! 41C1/,)! +(6-./'14! (3! .51! R12'.1//,-1,-! 0,4'-K! '4!
/148(-4'0)1! 3(/! 41/'(64! 2,7,*14! .(! ./11! +,-(8'14! (3! 0(.5! -,.6/,)! ,-2! ,/.'3'+',)!
+(-'31/(64!4.,-24:!;.4!7,'-!.,/*1.4!,/1!?+4$3!448:!06.!1&>/$3!488:!06.!?3&$>('3$:#*
%&4<+&3++!+,-!01!,..,+J12!,4!=1)):![6/.51/7(/1! ),/C,1!01+,641!(3! .51'/!6/.'+,.'-*!
5,'/4!/18/141-.!'-!6/0,-!41..'-*4!,!7,S(/!860)'+!51,).5!+(-+1/-:!I51/13(/1K!'-!),4.!
.51!21+,214K!.51!8(.1-.',)!(3!5971-(8.1/,-!1-2(8,/,4'.('24!,4!814.!+(-./()!,*1-.4!
,*,'-4.! .5'4! )18'2(8.1/,! =1/1! 1Z.1-4'C1)9! 1C,)6,.12! '-! '-.1*/,.12! 814.!
7,-,*171-.!+(-.1Z.4:!P7(-*!.5141!8,/,4'.('24!A(&4-,/'$3*)+',(-#%)#&!01+,641!
(3! '.4! ='21! 2'4./'06.'(-K! +,8,0')'.9! .(! ,2,8.! .(! 5(4.! 21-4'.9! 3)6+.6,.'(-4! ,-2! .(!
21C1)(8! (-! ,).1/-,.'C1! 5(4.4! 8),94! ,! J19! /()1! '-! 0'(T+(-./()! 4./,.1*'14! (3! bbR!
+,.1/8')),/4!>&,..'4.'!&'*#2:K!"@@FB!^,)81/'-!"@@FB!R,46..'!&'*#2:K"@@"H:!

Y1C1/,)! '-.1/C1-.'(-4! =1/1! /1+1-.)9! 81/3(/712! '-! I64+,-9! ,-2! D,X'(! >;.,)9H! '-!
(/21/!.(!+(-./()!.51!bbR:!I5141!8/(*/,74!=1/1!+,//'12!(6.!09!64'-*!1**!0,.+514!
(3!E&<#/#*C+/+>$2#*>D:H!>^1.1/(8.1/,!b1-.,.(7'2,1H*,4!(C'8(4'.'(-!4604./,.1!3(/!.51!
7,44!/1,/'-*!(3!A5*)+',(-#%)#&!: 



! ""!

b(86),.'(-4! (3! .5'4! 8,/,4'.('2!=1/1! .51-! /1)1,412! '-! 481+'3'+! 4'.14! 49-+5/(-'X'-*!
.51'/!,+.'C'.9!='.5! .51!1**!4.,*1!(3!bbR:! ;-! .51!46771/!(3!"@@"! '-!,!9(6-*!8'-1!
4.,-2! +)(41! .(! >[(-2'K! DIH! "@FFF! '-2'C'26,)4! (3! A5* )+',(-#%)#&! =1/1! /1)1,412!
26/'-*!.51!3)'*5.!81/'(2!(3!bbR:!R(/1(C1/!'-!.51!3())(='-*!91,/4!4'7'),/!0'()(*'+,)!
+(-./()! 8/(*/,74! =1/1! 81/3(/712! '-! R(-.1! Y1-,/'(! ,-2! U(-467,! >[;H! =51/1!
/1481+.'C1)9! #AFFF! ,-2! "`FFF! '-2'C'26,)4! (3! A5* )+',(-#%)#&! =1/1! /1)1,412! '-!
'-314.12! 8'-1! 4.,-24! 26/'-*! .51! 3)'*5.! 81/'(2! (3! .51! bbR. I51! ,-,)94'4! (3! bbR!
0,.+514! +())1+.12! '-! .51! .5/11! 2'331/1-.! 4.,-24! ,3.1/! 8,/,4'.('2! 8(86),.'(-!
1-5,-+171-.! 45(=12! ,! 2/,7,.'+! '-+/1,41! (3! 8,/,4'.'X12! 1**4! +(78,/12! ='.5!
.5(41!+())1+.12!,-2!1Z,7'-12!'-!.51!8/1C'(64!91,/4!(Tiberi,  2009). 

P7(-*! .51!46++14436)!8/(*/,74!(3!0'()(*'+,)! +(-./()! '-! ;.,)9K! .51! '-./(26+.'(-!(3!
.51! 8,/,4'.('2! F4#)"&3* G?#'#33(4H* 4+'&43! >E'/,6).H>^971-(8.1/,! R97,/'2,1H!
2141/C14!8,/.'+6),/!,..1-.'(-:!I5'4!481+'14K!-,.'C1!(3!P64./,)',K!=,4!'-./(26+12!'-!
"@`N! ='.5! .51! 86/8(41! (3! 8/(.1+.'-*! 7$-#2,)'$3! 3/(7! 2,7,*14! 8/(26+12! 09!
I(4+)'&/$3* 3-$'&22#'$3! >E9))1-5,)H! >P/X(-1K! "@NGH! >U()1(8.1/,! U6/+6)'(-'2,1H:!
_Z+1))1-.! /146).4! =1/1! ,+5'1C12! ,-2! .51! 8,/,4'.('2! ,)(-1! =,4! +,8,0)1! .(!
46++14436))9! +(-./()! .51! +6/+6)'(-'2:! D'J1='41! '-! "@N`! E&(>/,4$3* ',)"2(-,=#&!
>P4571,2H>^971-(8.1/,! ?/9'-'2,1H! =,4! '-./(26+12! .(! 7,-9! ;.,)',-! /1*'(-4! '-!
(/21/! .(! +(-./()! 9&'-#20#* )/$+4(3#! Y,9! >^17'8.1/,! [),.'2,1H:! I51! 8,/,4'.('2!
48/1,2!/,8'2)9!'-!.51!1-C'/(-71-.!45(='-*!*((2!41,/+5'-*!+,8,0')'.'14!>E'/(),7'!
,-2! U,78(/141K! "@@%H:! Y'7'),/)9! 12(3'&/(-&/$3* -"#%#&2&(4* >E'/,6).H!
>^971-(8.1/,!_6)(85'2,1H!=,4!178)(912!'-!Y'+')9!,-2!Y,/21*-,!3(/!.51!+(-./()!(3!
A)"&2+%$3*%#38&22+!>P4571,2H!>^971-(8.1/,!_6)(85'2,1H!>U,)1+,!&'*#2:K!#FF@H:!!
;-! /1+1-.! .'714! .51! 4+'1-.'3'+! +(776-'.9! 5,4! 3(+6412! (-! ((8,/,4'.('24! (3!
)18'2(8.1/,-!),/C,1!/148(-4'0)1!3(/!41C1/1!213()',.'(-!'-!3(/14.!1-C'/(-71-.4:!I51!
)18'2(8.1/,! !5* )+',(-#%)#6* !5* )/(-&33+(4&#! D:K! !(/'/+J* C+/+>#4#* >D18'2(8.1/,!
I(/./'+'2,1H6* D5* >+3)#/* ,-2* 7$)/(-'+3* -"/,3(//"(&#! D:! >D18'2(8.1/,! _/10'2,1H!
2141/C1!8,/.'+6),/!,..1-.'(-! 3(/! .51'/! /()1!,4!7,/J1/!481+'14! 3(/!+)'7,.'+!+5,-*1:!
I51! '-3)61-+1!(3! +)'7,.1!(-! .5141! 481+'14! '4! '-C14.'*,.12!09! .51!,-,)94'4!(3! .51'/!
8/1C,)1-+1! ,-2! 2'4./'06.'(-! '-! 48,+1! ,-2! .'71:! i,/',.'(-4! '-! 8,/,4'.('2!
2'4./'06.'(-!=1/1!5'*5)'*5.12! 3(/!B#/,3-#)$3*3&/C#>&++! .5,.!=,4! /1+(/212! 3(/! .51!
3'/4.! .'71! '-!8'-1! 4.,-24!(-!_.-,!,-2! 3(/!!/+-"(:/#%%#*&%=/,()"#:$%*>^,/.'*H!
>^971-(8.1/,! I/'+5(*/,77,.'2,1H! =5(41! 8/1C,)1-+1! 45(=4! ,! */,26,)!



! "#!
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n'7712',.1!'-.1//68.'(-!'-!21C1)(871-.!'-!/148(-41!.(!,2C1/41!+(-2'.'(-4o:!
U()2!4.(/,*1!(3!'-41+.!2(/7,-.!4.,*14!'4!8(.1-.',))9!64136)!8/(C'212!.5,.!2(/7,-+9!
4.,/.!,-2!.1/7'-,.'(-!7,9!01!,/.'3'+',))9!/1*6),.12!>&('C'-K!"@@%H:!
\-3(/.6-,.1)9! )(=! .1781/,.6/1! +(-41/C,.'(-! (3! '-41+.! 2(/7,-.! 4.,*14! '4! ,!
C,)6,0)1! .(()! 3(/! 4.(/,*1! (-)9! '-! 31=! +'/+674.,-+14:! ;-! 3,+.! 7(/.,)'.9! '4! (3.1-!
/18(/.12! .(! (++6/! 26/'-*! ,..178.4! .(! ,/.'3'+',))9! '-26+1! 2',8,641! >C,-! D1-.1/1-!
,-2!I(77,4'-'K!#FF#H:!I51!/1)1C,-.!'-3)61-+1!(3!85(.(81/'(2!(-!.51!'-26+.'(-!(3!
2',8,641!'-!.51!^971-(8.1/,!U5,)+'2('21,!=,4!6-21/)'-12!09!P-21/4(-!,-2!e,9,!
>"@`%H:!R(/1(C1/! .51! 4,71!,6.5(/4! '-C14.'*,.12! .51! (C1/='-.1/'-*! 4./,.1*'14! (3!
A(&4-,/'$3**&44(%()"#:$3*h(45'7(.(!>!^971-(8.1/,!_-+9/.'2,1H!'-!U(--1+.'+6.:!
?',8,64'-*! ),/C,1! (3! .5'4! 8,/,4'.('2! ,/1! ,0)1! .(! 46/C'C1! 6-21/! ,2C1/41! +)'7,.'+!
+(-2'.'(-4! '-4'21! '.4! 5(4.! 1**! 6-.')! .519! 171/*1! ,4! ,26).4! ,.! .51! 1-2! (3! j6-1:!
?',8,641! '4! 3,+6).,.'C1! ,-2!(++6/4! ,.! .51! 1-2!(3! ),/C,)!21C1)(871-.! 4((-!013(/1!
868,.'(-:!I51!85(.(81/'(2'+!'-26+.'(-!.,J14!8),+1!'-!.51!7,.1/-,)!*1-1/,.'(-!,-2!



! "`!

.51!,26).!'4!)'J1)9!.(!01!.51!7(4.!41-4'.'C1!4.,*1!1C1-!.5(6*5!868,1!,/1!41-4'.'C1!

.((:!O-!.51!(.51/!5,-2!1C1-!)(=!.1781/,.6/14!'-2181-21-.!3/(7!85(.(85,41!7,9!
,)4(! '-26+1! 2',8,641! '-!A5** &44(%()"#:$3**09! ,+.'-*! 2'/1+.)9! (-! .51! 21C1)(8'-*!
),/C,1:!I51!1+()(*'+,)! 4'*-'3'+,-+1!(3! .5'4!851-(71-(-! '4! 4.'))!6-J-(=-!06.!7,9!
/18/141-.! ,-! ,22'.'(-,)! 71+5,-'47! ,'712! ,.! '-46/'-*! .51! 8,/,4'.('2! 1-.1/!
2',8,641!'-!.51!),.1!,6.67-!>P-21/4(-!,-2!e,9,!"@`%H:!;-!;4/,1)!7,44!0/112'-*!(3!
1**! 8,/,4'.('24! (3! !5* @+28+43(4++! =,4! '-C14.'*,.12! 09! ^,)81/'-! >"@@FH! ='.5!
8,/.'+6),/!1785,4'4!(-!A5*)+',(-#%)#&5!M51-!71,-!2,')9!.1781/,.6/14!31))!01)(=!
##kU!,!45,/8!21+/1,41!'-!8,/,4'.('2!21C1)(871-.,)!/,.1!=,4!(041/C12:!I51!4,71!
,6.5(/! 4./14412! .5,.! 7,.6/1! ),/C,1! 1-.1/12! 2',8,641! =51-! -'*5.! .1781/,.6/14!
/1,+512!"%kU!(/!2/(8812!01)(=:!!

O.51/! (041/C,.'(-4! (-! A5* )+',(-#%)#&* '77,.6/14! (C1/='-.1/'-*! ='.5'-! 1**!
0,.+514! (3!!5*)+',(-#%)#! 45(=12! .5,.!='-.1/! 2',8,641! (3!A5*)+',(-#%)#&! ),/C,1!
7,9! 01! '-.1//68.12! 09! 4'78)9! =,/7'-*! .517! 68! .(! ,! .1781/,.6/1! (3! #NT$FkU!
>R,46..'K! "@A%H:! ;-! .51! 3())(='-*! 21+,214! -1=! 1Z81/'71-.4! =1/1! 81/3(/712! 09!
&,..'4.'!1.!,):!>"@@FH!'-!(/21/!.(!.14.!.51!'-3)61-+1!(3!.1781/,.6/1!(-!A5*)+'(-#%)#&!
),/C,1:! _**! +)64.1/4! (3!!5*)+',(-#%)#!=1/1! +())1+.12! '-! .51! ,6.67-!(3! "@N`! '-! ,!
+(-'31/(64!4.,-2!+)(41! .(!b,2(C,!>;.,)9H:!I51/1,3.1/! .519!=1/1!2'C'212! '-!*/(684!
,-2!+(()12!2(=-!.(!GkU!09!,!/,.1!(3!#kUm2,9:!_,+5!*/(68!=,4!.51-!=,/712!68!.(!
#@kU!64'-*!.51!4,71!*/,2'1-.!,3.1/!2'331/1-.!.'71!),*4:*A*)+',(-#%)#&!/148(-41!.(!
.51!'-+/1,412!+(()'-*!'-.1/C,)4!=,4]!,!/126+12!7(/.,)'.9!(3! S6C1-')14K!,!/126+.'(-!
(3!.51!.'71!481-.!3(/!171/*1-+1!,-2!,!5'*51/!49-+5/(-'47!'-!,26).!5,.+5'-*:!I5'4!
./',)!45(=12!.5,.!)(-*!+(()'-*!81/'(24!7'*5.!01!'21,)!3(/!4.(/'-*!2',8,64'-*!),/C,1!
.(! 01! 6412! '-!7,44! /1,/'-*! 8/(*/,74:! I51! 4,71! ,6.5(/4! 46**14.12! '.! =(6)2! 01!
=(/.5! .(! .14.! =51.51/! 2',8,64'-*! '77,.6/14! +,-! 01! 4.(/12! )(-*! 1-(6*5! .(!
49-+5/(-'X1!8,/,4'.('2!,26).!171/*1-+1!='.5!.51!1**!4.,*1!(3!!5*)+',(-#%)#:!!

R(/1! /1+1-.)9! W'C1/4! 1.! ,):K! >#FFFH! 45(=12! .5,.! E5* C+'/+)&44+3! >^971-(8.1/,!
b.1/(7,)'2,1H!2',8,64'-*!),/C,1!,/1!7(/1!+()2!.()1/,-.!.5,-!-(-T2',8,64'-*!(-14:!
D'J1='41K! '-! F5* /"()#2(3+)"+* ,-2! F5* &/C+! >^971-(8.1/,! &/,+(-'2,1HK! '-+/1,412!
46/C'C,)!/,.14!(3!2',8,64'-*!7677'14!,3.1/!+()2!4.(/,*1!=1/1!/18(/.12!09!D,-*1/!
,-2! ^,-+1K! >#FFFH:! I51! 31=! 1Z,78)14! ,C,'),0)1! '-! 4+'1-.'3'+! )'.1/,.6/1! 5'*5)'*5.!
5(=!2',8,641!'4!(-)9!/,/1)9!,!8(44'0)1!4()6.'(-!3(/!+()2!4.(/,*14!4'-+1!.51!+,8,+'.9!



! "N!

(3! 1-.1/'-*! 2',8,641! '4! -(.! +5,/,+.1/'4.'+! (3! ,))! 481+'14! >W6-2)1! 1.! ,):K! #FF%H:!
V(-1.51)144!=51-! 2',8,641! '4! +(-./())12! '.! +,-! 01! .51-! 1Z.1-212! 1C1-! 3(/! )(-*!
.'71!),*4!'-!(/21/!.(!'78/(C1!451)3!)'31!(3!'-41+.4!>[(1/4.1/!,-2!?(1.X1/K!#FFAH:!

&

P-&$Q029508=&A43607=&/5B01B9>&/5&?474=/60/>&301>&601974539&
P-J-&'9<?9746879&
&
P!=,9!.(!+(-41/C1!8,/,4'.('24!'4!.(!4.(/1!.517!,.!)(=!.1781/,.6/14!3/(7!F!.(!"G!
kU:!^(=1C1/!1C1-!,.!.5141!/1),.'C1)9!)(=!.1781/,.6/14!.51!7,S(/'.9!(3!.51!481+'14!
.1-24!.(!45(=!,!+1/.,'-!21*/11!(3!/126+.'(-!'-!.51'/!46/C'C,)!/,.14!>D1(8()2!&'*#2:K!
"@@NB! C,-! D1-.1/1-! ,-2! I(77,4'-'K! #FF#H:! P4! ,! *1-1/,)! /6)1! 46/C'C,)! 21+)'-14!
=51-!.1781/,.6/1!21+/1,414!>D(81X!,-2!&(..(K!#FFGB!b,-219!,-2!j(5-4(-K!#FFGB!
D6+X9-4J'!1.!,):K!#FF`B!&1/-,/2(!1.!,):K!#FFNB!U()'-1.!,-2!&('C'-!#F""H:!!
I1781/,.6/1! '4! ,-! ,0'(.'+! 3,+.(/! /148(-4'0)1! 3(/! ,331+.'-*! 8,/,4'.('2! 46/C'C,)!
26/'-*!)(=T.1781/,.6/1!+(-41/C,.'(-:!I51!641!(3!481+'3'+!.51/7,)!/1*'714!,-2!.51!
21.1/7'-,.'(-! (3! .51! )(=1/! .5/145()2! .1781/,.6/1! 3(/! 21C1)(871-.! >I(H! ,/1!
*1-1/,))9! -1+144,/9! 8/1/1<6'4'.14! 3(/! ,-! 133'+,+'(64! 214'*-! (3! +()2! 4.(/,*1!
8/(.(+()4!>D1(8()2K!#FF`H:!M51-!,!.1781/,.6/1!'4!41)1+.12!3(/!+()2!+(-41/C,.'(-!
+,/1! 45(6)2! 01! .,J1-! .(! ,+5'1C1! ,! /'*5.! 0,),-+1! 01.=11-! .51! /126+.'(-! (3!
71.,0()'+!/,.1!,-2m(/!21C1)(871-.!,-2!.51!8(.1-.',)!/'4J!(3!,++676),.'-*!+5'))'-*!
'-S6/'14:!^'*5! .1781/,.6/14!7,9!+(-C1/41)9!8/(26+1!6-214'/,0)1!(6.+(714! 46+5!
,4! 8/1+(+'(64! 171/*1-+1! 26/'-*! '-41+.! 4.(/,*1! >^(34C,-*! ,-2! ^,*C,/K! "@``B!
b'.+51/!&'*#2:K!#FF#H:!I5/145()2!.1781/,.6/1! '4!,-(.51/!/1)1C,-.!8,/,71.1/! .(!01!
21.1/7'-12!=51-! +()2! 4.(/,*1! 8/(.(+()4! ,/1! 214'*-12:! U()'-1.! a! &('C'-! >#F""H!
213'-1! .5'4! 8,/,71.1/! ,4! .51! n.1781/,.6/1! ,.! (/! ,0(C1! =5'+5! 81/7,-1-.!
21./'71-.,)!1331+.4!='))!-(.!(++6/o!I5/145()2!.1781/,.6/1!'4!(3.1-!/18(/.12!.(!01!
,/(6-2!21C1)(871-.!.5/145()2!I(&
U()2! 4.(/,*1! (3! F4#:,/$3* #4#4#'+3! >E,5,-H! >^971-(8.1/,! _-+9/.'2,1H! S6C1-')1!
4.,*14!01)(=!,-2!,0(C1!I(!>"#:A!kUH!=,4!1C,)6,.12!09!b,-219!,-2!j(5-4(-!>#FFGH:!
;77,.6/14!=1/1!460S1+.12!.(!4.(/,*1!3(/!7(/1!.5,-!1'*5.!=11J4!,.!"%:N!kU!='.5!-(!
1331+.! (-! 171/*1-+1! =51/1,4! 4.(/,*1! ,.! "F:"kU! 8/(26+12! ,! 2/,7,.'+! 2/(8! '-!
8,/,4'.('2!5,.+5'-*!1C1-!,3.1/!)144!.5,-!.=(!=11J4:!U()2!.()1/,-+1!+,-!01!51,C')9!
'-3)61-+12! 1C1-! 09! 47,))! C,/',.'(-4! '-! 4.(/,*1! .1781/,.6/1! 8,/.'+6),/)9! '3! '.! '4!
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+)(41!.(!IF!
I(4#'(-&/$3*#3"%&#>+!>E'/,6).H!>^971-(8.1/,!R97,/'2,1H>I(!L!$:N!kUH!1Z8(46/1!
,.! %! kU! 8/(26+12! ,! /17,/J,0)1! 21+/1,41! '-! 8,/,4'.('2! 46/C'C,)! =5')1! ,.! %:G! kU!
'77,.6/14!+(6)2!='.54.,-2!68!.(!#F!2,94!(3!+()2!4.(/,*1!>D1(8()2K!#FF%H!
D1.5,)! +5'))'-*! '-S6/'14!,/1!(3.1-!/18(/.12! .(!01! .51!+(-41<61-+1!(3! .51!,//14.!(3!
S6C1-')1! 21C1)(871-.! 01)(=! .51! IF:! V(-1.51)144! (.51/! 4.62'14! 46**14.! .5,.!
46++14436)!+()2!4.(/,*1!+,-!01!+,//'12!(6.!1C1-!,.!.1781/,.6/14!01)(=!IF:!74-#/3+#*
0(/%(3#! >E,5,-H! >^971-(8.1/,! P851)'-'2,1H! >I(! L! "#:`! kUH! =,4! /18(/.12! .(!
='.54.,-2! 4.(/,*1! 68! .(! #N! 2,94! ,.! %:G! kU! >D(81X! ,-2! &(..(K! #FFGH:! I51/1! '4!
1C'21-+1! .5,.! 8,/,4'.('2! +()2! 4.(/,*1! .()1/,-+1! ,4! ,! 36-+.'(-! (3! .1781/,.6/1! '4!
5'*5)9!C,/',0)1:![(/!.5'4!/1,4(-!(8.'7,)!.1781/,.6/1!X(-1!3(/!1,+5!481+'14!45(6)2!
01! 178'/'+,))9! ,4+1/.,'-12! 013(/1! .(! 8/(+112! ='.5! 4.(/,*1! ./',)4:! R(/1(C1/! .51!
.51/7,)!5'4.(/9!(3!.51!8,/1-.,)!*1-1/,.'(-4!(3!8,/,4'.('24!4607'..12!.(!./1,.71-.!!
45(6)2!01!,-,)9X12!'-!(/21/!.(!1C,)6,.1!'.4!'-3)61-+1!(-!.51!3())(='-*!*1-1/,.'(-4:!
I5'4! 81+6)',/! .981! (3! 851-(.98'+! 8),4.'+'.9! =,4! 214+/'012! '-! K/(3()"+2#*
%&2#4(:#3'&/*>?'8.1/,!?/(4(85')'2,1H! 09!R,*',3(*)(6! ,-2!^(337,--! >#FF$H! 06.!
5,4! -1C1/! 011-! 1Z.1-4'C1)9! 1C,)6,.12! '-! 8,/,4'.('24:! P! 7,.1/-,)! 1331+.! =,4!
214+/'012!'-!F4#)"&3!48:!09!^,-+1!,-2!&('C'-!>"@@$H]!;-!3,+.!.51!8/(*1-9!(3!.5'4!
8,/,4'.('2! 2'48),912! ,-! '-+/1,412! +()2! 5,/2'-144!=51-! '.4! 8,/1-.,)! *1-1/,.'(-4!
5,2! 011-! 8/1C'(64)9! 1Z8(412! .(! ,! +(70'-,.'(-! (3! )(=! .1781/,.6/1! ,-2! 45(/.!
85(.(81/'(2:!
&
&
&
P-N-&(469=&0A&3001/52&07&I946/52&
&
O.51/!/1)1C,-.!3,+.(/4!,331+.'-*!'-41+.!46/C'C,)!26/'-*!4.(/,*1K!,/1!.51!+(()'-*!,-2!
51,.'-*!/,.14:!Y)(=1/!+(()'-*!/,.14!,/1!*1-1/,))9!/18(/.12!.(!01!7(/1!1+()(*'+,))9!
/1)1C,-.! ,-2! .564! 7(/1! )'J1)9! .(! 8/(26+1! +()2! 5,/21-'-*:! I()1/,-+1! .(!
.1781/,.6/1! +5,-*14! +,-! 01! 4'7'),/)9! ,331+.12! 09! 51,.'-*! /,.14! >U5(=-! ,-2!
V'+()4(-K!#FF%H:!_Z81/'71-.4!+,//'12!(6.!(-*K5*%&2#4(:#3'&/*,26).4!45(=12! .5,.!
/,8'2!+()2!5,/21-'-*!(3!K5*%&2#4(:#3'&/*+(6)2!01!,+5'1C12!09!+(()'-*!,.!/,.14!.5,.!
-,.6/,))9!(++6/K!,-2!.5,.!.51!)1C1)!(3!8/(.1+.'(-!/1,+512!09!.5141!.51/7,)!/1*'714!
7,9!'78/(C1!'-41+.!46/C'C,)!,.!1+()(*'+,))9!/1)1C,-.!.1781/,.6/14:!;-!3,+.!=51-!K5*
%&2#4(:#3'&/*481+'71-4!=1/1*+(()12! ,.! -,.6/,)! /,.14! >F:FG! ,-2! F:"kU!7'-T"HK! ,-!



! #F!

'-+/1,412! 46/C'C,)K! ,3.1/! (-1! 5(6/! (3! 1Z8(46/1! .(! T`! ,-2! TNkUK!=,4! (041/C12:! ;-!
+(-./,4.! 3)'14!2'/1+.)9! ./,-431//12!.(!.5141!.1781/,.6/14!(/!+(()12!,.! 3,4.1/!/,.14!
46+5! ,4! F:GK! (/! ":FkU! 7'-T"!=1/1! 7(/1! 41C1/1)9! ,331+.12! 09! .51! 4.(/,*1! 81/'(2!
>e1).9!,-2!D11K!"@@@H:!V1C1/.51)144!'-!/1+1-.!4.62'14!+()2!.()1/,-+1!=,4!/18(/.12!
.(! 21+/1,41! =51-! 4)(=! /,.14! (3! .1781/,.6/1! +5,-*1! =1/1! ,88)'12:! M51-! K5*
%&2#4(:#3'&/! ),/C,1! =1/1! 2'/1+.)9! ./,-431//12! .(! /((7! .1781/,.6/1! ,3.1/! +()2!
1Z8(46/1! ,-! '-+/1,412! 46/C'C,)! =,4! (041/C12! =51/1,4! 4)(=! (/! 4.18='41! /1T
=,/7'-*!3,')12!.(!,+5'1C1!.51!4,71!/146).!>Y'-+),'/!,-2!W,S,7(5,-K!#FFNH:!!
;-!,!/1+1-.!./',)K!*/(684!(3!"T2T()2!,-2!$T2T()2!F)"+>+$3*/"()#2(3+)"+!>?1!Y.13,-'l
b1/14HK!7677'14!=1/1! ./,-431//12! .(! TGU!,-2!4.(/12! 3(/!"F!2:!?'331/1-.! .51/7,)!
/1*'714! =1/1! ,88)'12! '-+)62'-*! 2'/1+.! ./,-431/! ,-2! 3'C1! 2'331/1-.! ,++)'7,.'(-!
./1,.71-.4:! R677'14! .5,.! =1/1! 460S1+.12! .(! 2'/1+.! ./,-431/! 3/(7! /((7!
.1781/,.6/1! .(!4.(/,*1! .1781/,.6/1!45(=12!,!5'*51/!/126+.'(-! '-! .51'/!46/C'C,)!
/,.14! +(78,/12! ='.5! .5(41! 4607'..12! .(! .51/7,)! ./1,.71-.4! 09! 64'-*! 4.18!
.1781/,.6/1!21+/1,41!>D1C'1!&'*#2:K!#FFGH:!b,/,4'.('2!+()2!.()1/,-+1!7'*5.!.564!01!
'-3)61-+12! 09! .51! /,.1! (3! .1781/,.6/1! +5,-*1:! ^(=1C1/! '-! .51! C,4.! 7,S(/'.9! (3!
8,/,4'.('2! 481+'14! .51! /()1!(3! +(()'-*!,-2!51,.'-*! /,.14!5,4!-(.!011-! .5(/(6*5)9!
'-C14.'*,.12!91.!>U()'-1.!,-2!&('C'-K!#F""H!
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R-&'I9&A038=&0A&6I9&79=9473I&
!

I51!8/141-.!=(/J!3(+6412!(-!A5*)+',(-#%)#&*>R1/+1.H*>^971-(8.1/,!_-+9/.'2,1H6*
,-!'-2'*1-(64!,-2!8()985,*(64!1**T8,/,4'.('2!.5,.!7'*5.!8),9!,!/()1!'-!0'()(*'+,)!
+(-./()!8/(*/,74!,*,'-4.!!"#$%&'()(&#*)+',(-#%)#*>?1-:!a!Y5'33:H! >D18'2(8.1/,!
V(.(2(-.'2,1H:! I51/13(/1! 0'()(*'+,)! 8,/,71.1/4! (3! .5'4! 1-+9/.'2! /1,/12! (-!
,).1/-,.'C1! 5(4.! 1**4! =1/1! ,-,)9X12! 09! .14.'-*! '.4! 015,C'(/! ,-2! /18/(26+.'C1!
8,/,71.1/4:! I'71! 01.=11-! (C'8(4'.'(-! ,-2! 8/(*1-9! 171/*1-+1K! 41Z! /,.'(! (3!
(3348/'-*K!8,/,4'.'X,.'(-!/,.1!,-2!(3348/'-*!8/(26+.'(-!=1/1!/1+(/212:!I51/1,3.1/K!
'-!,!41+(-2!41.!(3!1Z81/'71-.4K!.51!4.,*14!(3!A5*)+',(-#%)#&! S6C1-')14!21C1)(8'-*!
='.5'-!1**4!(3!E&<#/#*C+/+>$2#!>D:H!>^1.1/(8.1/,!b1-.,(7'2,1H!=1/1!,)4(!'21-.'3'12!
09! 7(/85()(*'+,)! ,-,)94'4! ,-2! 71,46/171-.4:! _**T.(T,26).! .1781/,.6/1T
2181-21-.! 21C1)(871-.! (3! A5* )+',(-#%)#&! ='.5'-! 1**4! (3! .51! ,).1/-,.'C1! 5(4.!
I/#)"(3(%#* 2+4&#'$%& (L.)! >^1.1/(8.1/,! b1-.,(7'2,1H! =,4! ,)4(! '-C14.'*,.12! '-!
(/21/! .(! 21.1/7'-1! 21C1)(871-.! .'714:! R(/1(C1/K! 01+,641! 8,/,4'.('2!
21C1)(871-.! ='.5'-! 5(4.! 1**4! '4! (3.1-! '-3)61-+12! 09! 5(4.! 1**! ,*1K! ./',)4! =1/1!
+,//'12!(6.! .(!21.1/7'-1! .51*+,8,+'.9!(3! .5'4! 1-+9/.'2! .(!,++18.!,-2!1Z8)('.! 1**4!
3/(7!2'331/1-.! ,*1! +),4414:! Y'-+1!7,'-.1-,-+1! (3! )'C'-*! (/*,-'474! '4! 8,/.'+6),/)9!
64136)! '-! 7,44! /1,/'-*! 8/(*/,74K! .51! 41+(-2! 8,/.! (3! .51! 8/(S1+.! =,4! ,'712! ,.!
1C,)6,.'-*! +()2! 4.(/,*1! 8(.1-.',)! (3* A5* )+',(-#%)#&! 3(/! )(-*! 81/'(24:! [(/! .5'4!
/1,4(-!+()2!.()1/,-+1!(3!.5'4!8,/,4'.('2!=,4!1C,)6,.12!09!4.(/'-*!2'331/1-.!S6C1-')1!
4.,*14! ='.5'-! 1**4! (3!I5* 2+4&#'$%*,.! 41C1/,)! )(=! .1781/,.6/14! 3(/! "F! 2,94:! I51!
1331+.!(3! +(()'-*!,-2!51,.'-*! /,.14!(-! .51! 46/C'C,)!(3! 4.(/12! '77,.6/14!=,4!,)4(!
,4414412!3(/!1,+5!.51/7,)!./1,.71-.:&

&
&
&
&
&
&
&
&
&



! ##!

&
S,'$(!,;M&,"#&S$'R)#M*
!

R0=6&07/2/5&

&

a) Nezara viridula 

b(86),.'(-4! (3*E5*C+/+>$2#*=1/1! +())1+.12! '-! .(7,.(! 8),-.,.'(-4! )(+,.12! '-!
2'331/1-.! /1*'(-4! (3! ;.,)9! '-+)62'-*! D(70,/2',K! I64+,-9! ,-2! Y'+')9:! V1=!
+()(-'14!=1/1! .51-! 14.,0)'4512!09! .51! '-./(26+.'(-! '-! 1,+5! +,*1! (3! ,0(6.!
"FF! '-2'C'26,)4! >41Z! /,.'(! "]"H:! I51! +,*14! =1/1! +60'+! 4./6+.6/14!
>"FFZ$GZ$G+7H!=5(41!.(8!,-2! ),.1/,)!4'214!=1/1!7,21!09!8),4.'+!-1.4!(3!
"77!7145:!O-1!(3!.51!),.1/,)!4'214!+(6)2!01!(81-12!3(/!+()(-9!3112'-*!,-2!
7,'-.1-,-+1:!P!8),4.'+!),91/!=,4!.51-!41.!(-!.51!0(..(7!(3!.51!+,*1!41/C'-*!
,4! ,! 4()'2! 1,49T+)1,-'-*! */(6-2! 46/3,+1:! ['C1! @F! 77! 81./'! 2'4514! =1/1!
8),+12! (-! .51! 0(..(7! (3! .51! +,*1! ,-2! 3'))12!='.5! ,! 3((2! 4(6/+1!7,21! 09!
7'Z12! 4(901,-! >I2,-+4&*%#JH! ,-2! +(77(-! 01,-! >?"#3&(2$3* C$2:#/+3H! 2/9!
41124:! R('4.1-12! +(..(-! =,4! 8/(C'212! ,-2! /13/14512! ,-2m(/! /18),+12!
1C1/9!%N!5!=51/1,4!41124!=1/1!=11J)9!,2212!,-2!m(/!/18),+12:!R(/1(C1/!,!
7'Z12!5(4.!494.17!+(-4'4.'-*!(3!.(7,.(!>D,-()&/3+-(4*&3-$2&4'$%H!4(901,-!
>I2,-+4&*%#JH!,-2!+(77(-!01,-!>?"#3&(2$3*C$2:#/+3H!8),-.4!=,4!8/(C'212!
,4! ,-! ,22'.'(-,)! 3((2! 4(6/+1! 3(/! .51! 81-.,.(7'24:! Y'-+1! E5* C+/+>$2#! '4!
8,/.'+6),/)9!464+18.'0)1!.(! '-0/112'-*!218/144'(-K! '21,)!/1,/'-*!+(-2'.'(-4!
(3.1-! '78)9!,--6,)! /1+()(-'X,.'(-!='.5! 3'1)2T+())1+.12! 481+'71-4! '-!(/21/!
.(!'-+/1,41!*1-1.'+!C,/',0')'.9!,-2!)'7'.!4'0)'-*!7,.'-*:!

P))!+()(-'14!=1/1!/1,/12!'-!1-C'/(-71-.,))9!+(-./())12!/((74!>#AkUK! !`F!p!
GQ!W^K!!"A]N!D]?H:!!

!

b) Leptoglossuss occidentalis individuals were initially collected in pine stands in 

Central Italy. The insects were then reared in cages located in rearing rooms at 

26±1°C, 40±10% RH and 16:8 L:D using young potted P. pinea as an 

oviposition substrate and seeds of Pinus nigra Arnold s.l. as a food source. 



! #$!

Moreover each colony cage was provided with moistened cotton as a water 

source. This technique allowed egg production all year round!

!

c) !3/*$4(5(+*# 2%6,*&1+*>D:H! 481+'71-4!=1/1! +())1+.12! 3/(7! 31--1)! 8),-.4!
.(&4+-$2$%* C$2:#/&! '-! 3(6/! *1(*/,85'+,))9! 2'4.'-+.! )(+,.'(-4! (3! I64+,-9!
>;.,)9H!!26/'-*!.51!46771/!(3!#F"#!,-2!/1,/12!'-!,!+)'7,.'X12!/(((7!,.!!#N!
p"°UK! %G! p! GQ! /1),.'C1! 567'2'.9! >W^H! ,-2! ,! 85(.(81/'(2! (3! "A]N! >D]?H5:!
I51! 4.,-2,/2! /1,/'-*! .1+5-'<61! 3(/! I/#)"(3(%#* 3&%+)$4-'#'$%! i(1*1)1q!
>"@AAHK! =,4! '-'.',))9! ,2(8.12:! P3.1/! G! *1-1/,.'(-4! ,! 8(()! (3! 9(6-*! ,26).!
481+'71-4!>r#%5H!>"]"!41Z!/,.'(H!!=1/1!418,/,.12!3/(7!.51!(/'*'-,)!!+()(-9!
,-2! 7(C12! '-.(! -1=! +,*14! '-! (/21/! .(! 14.,0)'45! !2'331/1-.! /1,/'-*!
+(-2'.'(-4:! P3.1/=,/2! I/#)"(3(%#* 2+4&#'$%! =,4! /1,/12! ='.5! ,! -1=!
.1+5-'<61! 3(/! #F!=11J4! >G! *1-1/,.'(-4H:!I51! -1=! +,*1!=,4! ,! )'*5.!=((2!
4./6+.6/1! >"FFZ$GZ$G+7H! =5(41! 0(..(7! ,-2! ),.1/,)! 45(/.! 4'214! =1/1!
8)9=((2! 41+.'(-4! (3! G77!51'*5.!=51/1,4! .51!! .(8! ,-2! ),.1/,)! !)(-*! 4'214!
=1/1! 7,21! 09! 71.,)! -1.4! (3! "77! 7145:! O-1! (3!! .51! )(-*! ),.1/,)! 4'214!
36-+.'(-12!,4!!,!2((/!3'Z12!.(!.51!4./6+.6/1!09!71.,)!5'-*14:!P!8()94.9/1-1!
),91/!!!41.!(-!.51!!0(..(7!(3!.51!+,*1!41/C12!,4!,!/(064.!,-2!1,49T+)1,-'-*!
'--1/!*/(6-2!46/3,+1:!['C1!"%F!77!81./'!2'4514!=1/1!8),+12!(-!.51!0(..(7!
(3!.51!+,*1!,-2!3'))12!='.5!,!3((2!4(6/+1!(3!!7'Z12!.(&4+-$2$%*C$2:#/&*,-2*
F4&'"$%* :/#C&(2&43* *>P8',+1,1H* 2/9! 3/6'.4! >! U,q! 21'! 3'(/'! YWDH! '-! ,!
8/(8(/.'(-! N]#:! R(/1(C1/! .51! 8()94.9/1-1! 4511.! !!3(/7'-*! .51! +,*1! 3)((/!
=,4! 36))9!+(C1/12!09! .51!4,71!!7'Z.6/1!(3!2/9! 3/6'.4!! .5,.! 3(/712!!,!G77!
),91/:! ?/9! 3/6'.4! (3! P8',+1,1!! !=1/1! 4.(/12! '-! ),/*1! 0,4J1.4! '-! ,!
+)'7,.'X12!! ,-2! C1-.'),.12! /((7! ,.! "F! p"°UK! $F! p! "FQ! !>W^H! ,-2! =1/1!
=11J)9!,2212!'-!1<6,)!8/(8(/.'(-4!'-.(!.51!!81./'!2'4514:![6/.51/7(/1!.51!
3)((/!(3!.51!+,*1!=,4!+)1,-12!1C1/9!.=(!=11J4!,-2!2/9!3/6'.4!,2212!,*,'-!.(!
+(C1/! .51! 1-.'/1! 46/3,+1:! O-! .51! 45(/.! 4'214! (3! .51! +,*1! ,04(/01-.! 8,81/!
4./'84!>D'-1,!W())H!#FZ"F+7!!=1/1!,..,+512!'-!(/21/!.(!3(/7!,!4604./,.1!3(/!
'-41+.! (C'8(4'.'(-:! &1)(=! .51! 8,81/! 4./'84! 3(6/! .5'+J! ,-2! 5,/2! +,/20(,/2!
.6014!>"F!+7!)(-*!,-2!N!+7!2',71.1/H!=1/1!8),+12!(-!!1,+5!4'21!(3!.51!+,*1:!
I51!'--1/!46/3,+1!(3!1,+5!.601!=,4!36))9!8,C12!09!2'4J4!(3!8/14412!+(..(-!



! #%!

>Y;YRP! Y:8:PH! 8/(./62'-*! $+7! (6.! (3! 0(.5! 12*14:! I51/1,3.1/! ,! #FZ"F! +7!
4./'81!(3!,04(/01-.!8,81/!=,4!)((41)9!3()212!'-.(!1,+5!.601!'-!(/21/!.(!3'))!
.51! '--1/!C()671! )1,C'-*!+/1C'+14! 3(/! .51! '-41+.! .(!/14.!,-2!(C'8(4'.:!I=(!
)(-*1/!.6014!>#G!Z!N!+7H!4'7'),/)9!,//,-*12!=1/1!)'J1='41!8),+12!,)(-*!.51!
),.1/,)! 4'214:! O-! .51! 0(..(7! (3! .51! +,*1! .=(! 8(..12! 9(6-*! 8),-.4! (3*
.(&4+-$2$%*C$2:#/&*=1/1! '-./(26+12!.(! '78/(C1!.51!<6,)'.9!(3! .51!/1,/'-*!
8/(C'2'-*! .51! '-41+.4! ='.5! .51'/! -,.6/,)! 5(4.! 8),-.:! I5141! 8),-.4! =1/1!
+6).'C,.12! '-! ,! */11-5(641! ,.! 4.,-2,/2! +(-2'.'(-4! (3! #G! p"°UK! GF! p! "FQ!
/1),.'C1! 567'2'.9! >W^H! ,-2! ,! 85(.(81/'(2! (3! "A]N! >D]?H! ,-2! /18/141-.12!
0(.5!,-!1Z./,!3((2!4(6/+1!,-2!,!7(/1!-,.6/,)!/14.'-*!,/1,!3(/!81-.,.(7'24:!
U)(412!.(!.51!8(.4!,!47,))!,6.(7,.'+!'//'*,.'(-!494.17!=,4!41.!68!.(!=,.1/!
.51! .=(! 8),-.4:! I51! '//'*,.'(-! 494.17! '-+)6212! ,! #! D! .,-J! ,-2! 4118,*1!
+(-./()! 48/'-J)1/4! 7,21! (3! ,! 8(/(64! 8(/+1),'-! 51,2! 8,/.! .5,.! =,4!
+(78)1.1)9!'-41/.12! '-.(! .51! 4(')! ,-2! 8),4.'+! 8'814! =5(41! 1-2! =,4! 36))9!
'771/412! '-! .51!=,.1/! +(-.,'-1/:! I51! 4,71! ,6.(7,.'+! '//'*,.'(-! 21C'+14!
=1/1! .51-! 178)(912! .(! 8/(C'21! .51! '-41+.!='.5! +(-4.,-.! 3/145!=,.1/:! I(!
.5'4!1-2!.51!8(/(64!8(/+1),'-!51,2!8,/.4!(3!.51!'//'*,.(/4!=1/1!3'/4.!+)1,-12!
,-2! .51-! +(78)1.1)9! 1-C1)(812! ='.5! =1.! +(..(-! 2'4J4! (3! .51! .981!
71-.'(-12! ,0(C1:! I5'4! 494.17! ,))(=12! .51! +(..(-! .(! /17,'-! +(-4.,-.)9!
7('4.1-12! 1-46/'-*! ,! 81/7,-1-.! =,.1/! 4(6/+1! 3(/! .51! 81-.,.(7'24:! I51!
48/'-J)1/4! =1/1! .51-! 8),+12! (-! ,! 8),4.'+! -1.! (3! "77!7145!!! +(C1/'-*! !!,!
*),44! +(-.,'-1/! (3! >"GZ"GZG+7H! .5,.! 41/C12! .(! +())1+.! .51! 1Z./,! =,.1/!
8/1C1-.'-*!6-=,-.12! )'<6'2! 48')),*1!(-! .51!0(..(7!(3! .51!+,*1:!I51!1Z./,!
=,.1/!=,4!1)'7'-,.12!3/(7!.51!*),44!+(-.,'-1/!=51-!/1<6'/12!=51/1,4!.51!
0'*!#D!.,-J!=,4!=11J)9!+)1,-12!,-2!/13'))12!='.5!3/145!-1=!=,.1/:!O-+1!,!
=11J! .51! +,*14! =1/1! (81-12! ,-2! ,))! 8,81/! 4./'814! ,-2! +(..(-! 2'4J4!
/17(C12! ,-2! '-481+.12! '-! (/21/! .(! +())1+.! 1**! 0,.+514:!M51-! 8,81/! ,-2!
+(..(-! =1/1! 3(6-2! .(! 01! 2'/.9! (/! -(! 7(/1! 3'.! .(! 218)(9! ,4! (C'8(4'.'(-!
4604./,.1! .519! =1/1! 1)'7'-,.12! ,-2! /18),+12! ='.5! -1=! (-14:! U)64.1/4! (3!
1**4!=1/1!+6.!(6.!='.5!4+'44(/4!,-2!8),+12!'-!"%F!77!81./'!2'4514!=5(41!
0(..(7!5,2!011-!8/1C'(64)9!+(C1/12!09!,!G!77!),91/!(3!2/9!3/6'.4!7'Z.6/1:!
V9785!+,*14!=1/1!b)1Z'*),4!./,-48,/1-.!+(-.,'-1/4!>%FZ$FZ$F+7H!=5(41!
),.1/,)! )(-*! 4'214! =1/1! 7,21! (3! 8),4.'+! -1.4! (3! F:G! 77!71455*I51! 4,71!



! #G!

7'Z.6/1! (3! 2/9! 3/6'.4! 6412! '-! .51! ,26).! +,*1! +(C1/12! .51! 0(..(7! (3! .51!
4./6+.6/1:! P! 71.,)! /,+J! >$GZ#GZ"F! +7H! =,4! '-41/.12! ,)(-*!
(-1!),.1/,)!4'21! !(3! .51! +,*1! =5')1! (-! .51! (88(4'.1! 4'21! .=(! 47,))! 8(..12!
9(6-*! 31--1)! 8),-.4! =1/1! 8),+12:! P! 8),-.! '//'*,.'(-! 494.17! ,-2! =,.1/!
4688)9!3(/!.51!'-41+.4!=1/1!,//,-*12!,4!8/1C'(64)9!214+/'012:!b1./'!2'4514!
36))!(3!1**!0,.+514!*,.51/12! 3(/7!.51!,26).! /1,/'-*!=1/1! .51-! ./,-431//12!
'-.(! .51! 71.,)! /,+J! '-! .51! -9785! +,*14! .(! ,))(=! 1**! 5,.+5'-*! ,-2! .51!
4.,/.'-*!(3!-1=!*1-1/,.'(-4:![((2!=,4!=11J)9!,2212!,-2!+,*14!+(78)1.1)9!
+)1,-12! 1C1/9! .=(! =11J4:! P4! 4((-! ,4! -1=! ,26).4! 5,.+512! .519! =1/1!
./,-431//12!.(!.51!),/*1/!,26).!+,*14!.(!'-+/1,41!.51!8(86),.'(-:!

&

J-&./0102/341&?474<9697=&0A&!"#$%&'()*+$*,&79479>&05&41697546/B9&I0=6&922=&&

V1=)9!5,.+512!317,)14!(3!A5*)+',(-#%)#&!=1/1!'-2'C'26,))9!'4(),.12!'-!*),44!.6014!
='.5!7('4.1-12!+(..(-:!b,/,4'(.'24!=1/1!312!='.5!5(-19!,2! )'0'.67!,-2!3())(=12!
68!6-.')!-,.6/,)!21,.5!'-!,!+)'7,.'+!+5,701/!,.!4.,-2,/2!/1,/'-*!+(-2'.'(-4!>#AkUK!
`GQ!W^!,-2!"A]N!D]?H:![/145!1**!0,.+514!(3!E&<#/#*C+/+>$2#!>r!#%5H!=1/1!8),+12!
'-4'21!.51!.6014!>0,.+514!(3!p!%F!1**4!3(/!1,+5!.601H!,-2!1Z8(412!.(!,26).!317,)14!
3(/! #%5! 8,/,4'.'X,.'(-:! [(/.9! 1**4! 81/! 2,9!=1/1! (331/12! 4'-+1! 8/1)'7'-,/9! .14.4K!
+,//'12!(6.!,.!.51!4,71!/1,/'-*!+(-2'.'(-4K!45(=12!.5,.!.5'4!<6,-.'.9!1Z+11212!.51!
8,/,4'.'X,.'(-!/,.1!81/!2,9:!b,/,4'.'X12!1**4!=1/1!'21-.'3'12!09!.51!8/141-+1!(3!1**!
4.,)J4! 8/(./62'-*! 3/(7! .51! +5(/'(-:! ^(4.! 1**4! =1/1! .51-! 2,')9! /18),+12! 6-.')!
8,/,4'.('2!-,.6/,)!21,.5:!$F!E5*C+/+>$2#*1**!0,.+514!=1/1!'4(),.12!'-!418,/,.1!.6014!
,4!+(-./()4:!b,/,4'.'X12!0,.+514!=1/1!.51-!4.(/12!,.!4.,-2,/2!+(-2'.'(-4!,-2!2,')9!
+51+J12!3(/!,26).!171/*1-+1:!I'71!01.=11-!(C'8(4'.'(-!,-2!8/(*1-9!171/*1-+1K!
41Z!/,.'(!(3!(3348/'-*K!8,/,4'.'X,.'(-!/,.1!,-2!(3348/'-*!8/(26+.'(-!=1/1!/1+(/212!
3(/!1,+5!1**!7,44:!I51!.14.!=,4!/18)'+,.12!"F!.'714!,-2!317,)14!2/(=-12!'-!5(-19!
2/(8)1.4!=1/1!1Z+)6212 3/(7!,-,)94'4:!?14+/'8.'C1!4.,.'4.'+4!=1/1!8/(C'212:!

!

!

!



! #A!

N-&!>956/A/346/05&45>&F/0102/341&>9B910?<956&0A&!"#$%&'()*+$*,&147B49#T/6I/5&
922=&0A&6I9&41697546/B9&I0=6#-"#.%/%012*#

#

_**! 0,.+514! (3!E5* C+/+>$2#! =1/1! 8),+12! '-! .6014! ,-2! 1Z8(412! .(!A5* )+',(-#%)#&!
317,)14!3(/!%5!8,/,4'.'X,.'(-!,.!,!"]G!8,/,4'.('2m5(4.!/,.'(!>#AkUK!`Gp!GQ!W^!,-2!
"A]N!D]?H:!b,/,4'.'X12!1**!0,.+514!=1/1!.51-!'21-.'3'12!09!.51!8/141-+1!(3!,-!1**!
4.,)J! 8/(./62'-*! 3/(7! .51! +5(/'(-:! P3.1/! 8,/,4'.'X,.'(-! 0,.+514! =1/1! /17(C12!
3/(7!.6014!,-2!/1,/12!'-!,!+)'7,.'+!+5,701/!,.!4.,-2,/2'X12!+(-2'.'(-4!>#AkUK!`G!
p!GQ!W^K!"A]N!D]?H:!I51/1,3.1/!8,/,4'.'X12!1**4!=1/1!418,/,.12!,-2!2'441+.12*,-2*
A5* )+',(-#%)#&* 481+'71-4! (041/C12! 6-21/! ,! 4.1/1(7'+/(4+(81! >Y.1/1(4+(8'+!
d((7! R'+/(4+(81! YRd"GFFH! ,.! N5! '-.1/C,)4! '-! (/21/! .(! '-C14.'*,.1! ),/C,)!
21C1)(871-.:! O-+1! '-2'C'26,)4! =1/1! 21.1+.12! .519! =1/1! *1-.)9! /17(C12! 09!
3(/+184! ,-2! /181,.12)9! =,4512! 09! b0Y:! P3.1/! .5,.! )'C'-*! '77,.6/1! '-2'C'26,)4!
=1/1! ./,-431//12! '-.(!47,))! .,-J4!='.5!W5(2,7'-1!.(!01!4.,'-12! 3(/!$F!7'-6.14:!
W181,.12!=,45'-*!09!b&Y!=,4!.51-!+,//'12!(6.!.(!/17(C1!,))!.51!291:!P3.1/=,/24!
4.,'-12! '-2'C'26,)! =1/1! 7(6-.12! '-! 4)'214! ='.5! 5(91/! ,-2! (041/C,.'(-! ,-2!
71,46/171-.4! +,//'12! (6.! 09! V'J(-! P"! 7'+/(4+(81! ,-2! V;YT_)171-.4! PW! $:"F!
4(3.=,/1!>7(2'3'12!3/(7!?(,-1!&'*#2:K!"@N@H:!j6C1-')1!4.,*14!=1/1!.51-!'21-.'3'12!
09! .51! 3())(='-*! 8,/,71.1/4]! 7,-2'0)1! )1-*.5K! 51,2! ='2.5K! 0(29! )1-*.5! ,-2!
41*71-.,.'(-:!?14+/'8.'C1!4.,.'4.'+4!=1/1!8/(C'212!,-2!),/C,)!'-4.,/4!'21-.'3'12!09!
3/1<61-+9!2'4./'06.'(-!,-,)94'4:!

&

U-&$AA936=&0A&I0=6&922&429&05&!"#$%&'()*+$*,&?474=/6/V46/05&

U-4&D474=/60/>&07/2/5&

b,/,4'.'X12! 1**! +)64.1/4! (3! !5* )+',(-#%)#! 5(4.'-*! 2',8,64'-*! S6C1-')14! (3! A5*
)+',(-#%)#&! =1/1! (/'*'-,))9! +())1+.12! 3/(7! +(-'31/(64! 4.,-24! >$FF! 7! ,4)H! '-!
E,/*,-(! /1*'(-! >Y(6.5! _,4.! (3! ;.,)9H:! &,.+514! =1/1! 46041<61-.)9! 41.! '-.(! *),44!
.6014!>"G!+7!)(-*!,-2!#!+7!2',71.1/!+)(412!(-!0(.5!1-24!09!,!+(..(-!-1.!(3!#GF!
7'+/(-!7145H!,-2!8),+12! '-!,!+)'7,.'X12!/((7!,.!$Fp"°UK!%Fp"FQ!W^!,-2!"A]N!
D]?! '-! (/21/! .(! 0/1,J! 8,/,4'.('2! 2',8,641! >^,)81/'-K! "@@FB! &,..'4.'!&'*#2:K! "@@FH:!
P3.1/! .5/11! =11J4! 8,/,4'.('24! 5,.+512! ,-2! ,! -1=! ),0(/,.(/9! +()(-9! =,4!



! #`!

14.,0)'4512:!!
b,/,4'.('24!=1/1!/1,/12!3(/!(C1/!"G!*1-1/,.'(-4!(-!(3!D5*(--+>&4'#2+3!5(4.!1**4!'-!,!
+)'7,.'+!+5,701/!>&'-21/!e&M[!`#FK!I6..)'-*1-K!E1/7,-9H!,.!4.,-2,/2!+(-2'.'(-!
(3! #Ap"°UK! `GpGQ! W^! ,-2! "A]N! D]?! 013(/1! .51! 4.,/.! (3! .51! ./',):! [17,)14! =1/1!
8/(C'212! ='.5! 86/1! 5(-19! 2/(84! #>* 2+=+'$%! ,4! 3((2! 4(6/+1:! ! ?/(84! =1/1! .51-!
/13/14512!.5/11!.'714!81/!=11J:!
!
U-F-&R0=6&922&42/52&

D5*(--+>&4'#2+3*317,)14!(C'8(4'.!.51'/!1**4!'-!,!4'-*)1!/(=!(-!8'-1!-112)14:!U)64.1/4!
+(-4'4.! (3! ,0(6.! $T#F! 1**4! 1,+5:! Y'-+1! 6-21/! ),0(/,.(/9! +(-2'.'(-4! 1**4! (3! D5*
(--+>&4'#2+3*,/1!/18(/.12!.(!5,.+5! '-!N:@!2:!(-!,C1/,*1K!5(4.!1**4! 3/(7!41C1-!,*1!
+),4414!=1/1!6412!.(!+,//9!(6.!.51!./',)4]!3/145!1**4!>r!#%5H!,-2!#K!$K!%K!GK!AK!`!2,94!
()2! >V1+5()4! &'* #2:K! "@N@B! ^'/(41! &'* #2:K! #FF$B! Y,00,.'(-'! b1C1/'1/'! &'* #2:K! #F"$B!
&'-,XX'!&'*#2:K!#F"$H:!
I51!8/(+144!(3!((*1-14'4!(3!A5*)+',(-#%)#&! '4!-(.!+(78)1.1!,.! .51!171/*1-+1:! ;-!
3,+.!.51!-6701/!(3!7,.6/1!1**4!,3.1/!,26).!5,.+5'-*!'4! )(=!,-2!4.,/.4!.(!'-+/1,41!
(-)9! ,3.1/! 41C1/,)! 2,94! >&,..'4.'! &'* #25K! "@@FH:! O6/! 8/1)'7'-,/9! 3'-2'-*4! (-! A5*
)+',(-#%)#&!0'()(*'+,)!./,'.4!,*/11!='.5!.5141!/146).4!45(='-*!.5,.!8,/,4'.'X,.'(-!
81,J! (3! 317,)14! /1,/12! (-! I/#)"(3(%#* 2+4&#'$%* >D:H! )'14! 01.=11-! 2,94! %T`! (3!
8,/,4'.('2! )'31! >&'-,XX'! ! ,-2! W(C1/4'K! 6-860)'4512! 2,.,H:! [(/! .5,.! /1,4(-! '-! .51!
8/141-.! 1Z81/'71-.! -1=)9! 1+)(412! 481+'71-4! =1/1! 5(6412! (-1! 81/! 1,+5! .601K!
7,'-.,'-12! ,.! 4.,-2,/2! /1,/'-*! +(-2'.'(-4! ,-2! 312! ='.5! 5(-19! #>* 2+=+'$%! 3(/! G!
2,94!013(/1!.51!./',):!I51!1**4!(3!D5*(--+>&4'#2+3!=1/1!+())1+.12!1C1/9!#%5!3/(7!.51!
+()(-9!09!/17(C'-*!-112)14!='.5!,-!1**!+)64.1/!3/(7!.51!8'-14:!U)64.1/4!(3!"G!1**4!
>#>*2+=+'$%H!=1/1!.51-!,*12!'-!,!+)'7,.'+!+5,701/!,.!4.,-2,/2!+(-2'.'(-4!,-2!.51-!
1Z8(412!3(/!8,/,4'.'X,.'(-!.(!A5*)+',(-#%)#&! 317,)14K!,3.1/!3'Z'-*!.51!1**T01,/'-*!
8'-1!-112)1!09!='/1!8,81/!+)'84!(-.(!8,81/!4./'84!>&,.14!,-2!&(/21-K!#FF%K!#FFGB!
Y,00,.'-'!b1C1/'1/'!&'*#2:K!#F"#H:!
P!5(4.!1**!+)64.1/!(3K!,))!'-!(-1!(3!.51!41C1-!1**!,*1!+),4414K!=,4!1Z8(412!.(!1,+5!
317,)1! 3(/! ,! #%! 5:! D5* (--+>&4'#2+3! 1**4! =1/1! +(-4'21/12! 8,/,4'.'X12! =51-! .51!
8/141-+1!(3!,.!)1,4.!(-1!1**!4.,)J!(-!.51!5(4.!+5(/'(-!=,4!C1/'3'12!>R,8)1K!"@%`B!
&,..'4.'! &'* #2:K! "@NNB! V1+5()4! &'* #2:K! "@N@H:! P3.1/! .51! 1Z8(46/1K! 5(4.! 1**! 0,.+514!
=1/1!/17(C12!,-2!./,-431//12!.(!,!+)'7,.'+!+5,701/!,.!4.,-2,/2!+(-2'.'(-4:!_**!



! #N!

0,.+514!=1/1!.51-!2,')9!+51+J12!6-.')!8,/,4'.('24!5,.+512!(/!-(-!8,/,4'.'X12!1**4!
5,.+512:! P))! .14.4! =1/1! /18)'+,.12! "$! .'714! ,-2! .51! 3())(='-*! 8,/,71.1/4! =1/1!
/1+(/212]! -(:! (3! 8,/,4'.'X12! 5(4.! 1**4! 81/! 0,.+5K! -(:! (3! 1**! 4.,)J4! 81/! 0,.+5K!
(3348/'-*! 8/(26+.'(-! >-(:! (3! 317,)14! 171/*12! 81/! 0,.+5HK! 41Z! /,.'(! >Q! 317,)14HK!
,-2!317,)1!21C1)(871-.!.'71:!
!
U-3-&S/370=30?/341&0F=97B46/05=&&

P3.1/! 8,/,4'.('2! 5,.+5'-*! ,))! 8,/,4'.'X12! 5(4.! 1**4! =1/1! 2'441+.12! 6-21/! ,!
4.1/1(7'+/(4+(81!>Y.1/1(4+(8'+!d((7!R'+/(4+(81!YRd"GFFH!='.5!.51!86/8(41!(3!
214+/'0'-*!.51!5(4.!1**!+(-.1-.:!
&

U->-&#464&4541G=/=&45>&=646/=6/3=&&

?,.,!=1/1!.14.12!3(/!-(/7,)'.9!='.5!.51!Y5,8'/(TM')J!.14.:!I/,-43(/7,.'(-4!=1/1!
.51-! ,88)'12! 06.! 3,')12! .(! -(/7,)'X1! .51! 2,.,:! U(-41<61-.)9! e/64J,)lM,))'4! .14.!
3())(=12! 09! .51!R,--lM5'.-19! \T.14.!=,4! 81/3(/712! .(! +(78,/1! .51! /1+(/212!
8,/,71.1/4! '-! .51! 41C1-! ,*1! +),4414:! [(/!76).'8)1! +(78,/'4(-4K! .51! 4'*-'3'+,-+1!
)1C1)! >s! L! F:FGH!=,4! ,2S64.12!='.5!&(-31//(-'! +(//1+.'(-K! sm-K!=51/1!-!=,4! .51!
-6701/!(3!8,'/4! '-!.51!76).'8)1!+(78,/'4(-:![6/.51/7(/1!.51!+(//1),.'(-!(3!1,+5!
8,/,71.1/!='.5!5(4.!1**!,*1!=,4!,-,)9X12!09!-(-8,/,71./'+!Y81,/7,-q4!/5(!.14.!
>d,/K!#F"FH:!Y.,.'4.'+,)!8/(+126/14!=1/1!81/3(/712!09!.51!4.,.'4.'+,)!4(3.=,/1!YbYY!
#F:F:F!>#F""H:!

!

@-& '9<?9746879W>9?95>956& 922& 60& 4>816! >9B910?<956& 0A& !"# $%&'()*+$*,&
T/6I/5&922=&0A&6I9&41697546/B9&I0=6&3/*$4(5(+*#2%6,*&1+]!!

!

[/145!1**!0,.+514!(3!I5*2+4&#'$%*>r!#%5H!=1/1!+())1+.12! 3/(7!+()(-'14!5(6412! '-!
*),44!.6014!,-2!1Z8(412!.(!A5*)+',(-#%)#&!317,)14!3(/!%5!/,-2(7!8,/,4'.'X,.'(-!,.!
,!"]G!8,/,4'.('2m5(4.! /,.'(!,-2!4.,-2,/2!/1,/'-*!+(-2'.'(-4! >#Ap"°UK!`GpGQ!W^!
,-2!"A]N!D]?H:!b,/,4'.'X,.'(-!=,4!,4+1/.,'-12! 3(/!,))!1**!0,.+514!09!+51+J'-*! 3(/!
1**! 4.,)J4! 8/(./62'-*! 3/(7! 5(4.! +5(/'(-:! P3.1/! 8,/,4'.'X,.'(-! 1**! 0,.+514! =1/1!
.51-!/,-2(7)9!,44'*-12!.(!1,+5!(3!.51!3())(='-*!+(-4.,-.T.1781/,.6/1!./1,.71-.!
"#K!"%K!"@K!#AK!$FK!$AK!$N! kU!41)1+.12! .(! .14.!A:!)+',(-#%)#&!21C1)(871-.:! ;-! .51!



! #@!

3())(='-*! 4'Z! 7(.54! 8,/,4'.'X12! 1**4! =1/1! 2,')9! +51+J12! 3/(7! .51! .'71! (3!
8,/,4'.'X,.'(-! 6-.')! ,26).! 171/*1-+1! ,-2! .51-! 41Z12:! [(/! 1,+5! ./1,.71-.! "G!
/18)'+,.14! =1/1! +,//'12! (6.! ,-2! .51! 3())(='-*! 8,/,71.1/4! /1+(/212]! V(:! (3!
8,/,4'.'X12!5(4.!1**4!81/!0,.+5K!-(:!(3!1**!4.,)J4!81/!0,.+5K!(3348/'-*!8/(26+.'(-!
>-(:!(3!317,)14!171/*12!81/!0,.+5HK!41Z!/,.'(!>Q!317,)14HK!,-2!2,94!>2H!/1<6'/12!
3(/!1,+5!8,/,4'.('2!.(!+(78)1.1!21C1)(871-.!3/(7!1**!.(!,26).:!!

!!

!

@-4-&#464&4541G=/=&45>&=646/=6/3=&&

?,.,!=1/1!.14.12!3(/!-(/7,)'.9!='.5!.51!Y5,8'/(TM')J!.14.:!Y'-+1!./,-43(/7,.'(-4!
3,')12!.(!-(/7,)'X1!.51!2,.,K!e/64J,)lM,))'4!.14.!3())(=12!09!.51!R,--lM5'.-19!\T
.14.! =,4! 81/3(/712! .(! +(78,/1! .51! /1+(/212! 8,/,71.1/4! '-! .51! */(684:! [(/!
76).'8)1! +(78,/'4(-4K! .51! 4'*-'3'+,-+1! )1C1)! >s! L! F:FGH! =,4! ,2S64.12! ='.5!
&(-31//(-'! +(//1+.'(-K! sm-K! =51/1! -! =,4! .51! -6701/! (3! 8,'/4! '-! .51! 76).'8)1!
+(78,/'4(-:! Y.,.'4.'+,)! 8/(+126/14! =1/1! 81/3(/712! 09! .51! 4.,.'4.'+,)! 4(3.=,/1!
YbYY!#F:F:F!>#F""H:!

 

!

!

!

!

L-&+01>&601974539&9B41846/05&0A&!"#$%&'()*+$*,&/<<46879=&=6079>&A07&JX&>4G=&

46&10T&69<?9746879=&A70<&JLY+&60&XY+:![/145!1**!0,.+514!(3!I5*2+4&#'$%!>r!#%5H!
=1/1! '4(),.12! '-! *),44! .6014! >(-1!81/! 1,+5! .601H! ,-2!1Z8(412! .(!A5*)+',(-#%)#&!
317,)14!3(/!#%5!8,/,4'.'X,.'(-!,.!,!"]G!8,/,4'.('2m5(4.!/,.'(!,-2!4.,-2,/2!/1,/'-*!
+(-2'.'(-4! >#Ap"°UK!`GpGQ!W^!,-2!"A]N!D]?H:!O-1!*/(68!(3!8,/,4'.'X12!0,.+514!
=1/1!460S1+.12!.(!.51!./',)4!'7712',.1)9!,3.1/!8,/,4'.'X,.'(-!>#%5H!=51/1,4!(.51/!
.=(!*/(68!=1/1!51)2!,.!.51!4.,-2,/2!+(-2'.'(-4!6-.')!.51!G.5!,-2!"".5!2,94:!I5'4!
8/(C'212!.5/11!2'331/1-.!21C1)(871-.!4.,*14!'-!8,/,4'.'X12!1**4]!'77,.6/1!),/C,1K!
7,.6/1! ),/C,1K! ,-2! 868,1:! P3.1/! 1,+5! 4.(/,*1! ./1,.71-.K! 0,.+514! 3/(7! 1C1/9!
21C1)(871-.! 4.,*1!=1/1!2'C'212! '-! .=(!*/(684K! ./,-431//12! .(! 418,/,.1! +)'7,.'+!



! $F!

+5,701/4!,-2!51)2!/1481+.'C1)9!,.!#AkU!,-2!$F!kU!>`GpGQ!W^!,-2!"A]N!D]?H!6-.')!
5,.+5'-*:! I=(! */(684! (3! 8,/,4'.'X12! 0,.+514! =1/1! ./,-431//12! .(! .51! 4,71!
+5,701/4!,.!#AkU!,-2!$F!kU!,-2!41/C12!,4!+(-./()4:!I/1,.71-.4!'-+)6212]!!

!

t! ?'/1+.!./,-431/!>?IH!.(!"G!kU!4.(/,*1!3(/!"F!2,94!,-2!.51-!?I!.(!#Am$FkU!

t! ?I!.(!"F!kU!4.(/,*1!3(/!"F!2,94!,-2!.51-!?I!.(!#Am$FkU!

t! ?I!.(!G!kU!4.(/,*1!3(/!"F!2,94!,-2!.51-!?I!.(!#Am$FkU!

t! ?I!.(!F!kU!4.(/,*1!3(/!"F!2,94!,-2!.51-!?I!.(!#Am$FkU!

•   Control at 26°C 
• Control at 30°C 
!

!

I5'4!*,C1!,!.(.,)!(3!#%!4.(/,*1!./1,.71-.4:![(/!1,+5!./1,.71-.4!"G!/18)'+,.14!>':1:K!
.6014H! =1/1! +,//'12! (6.! ,-2! .51! 3())(='-*! 8,/,71.1/4! =1/1! /1+(/212]! -(:! (3!
8,/,4'.'X12!5(4.!1**4!81/!0,.+5K!-(:!(3!1**!4.,)J4!81/!0,.+5K!(3348/'-*!8/(26+.'(-!
>-(:! (3! 317,)14! 171/*12! 81/! 0,.+5HK! 41Z! /,.'(! >Q! 317,)14HK! ,-2! 317,)1!
21C1)(871-.!.'71:!!

!

L.a. Data analysis and statistics  

?,.,! 2'4./'06.'(-!=,4! ,-,)9X12! 09! .51! Y5,8'/(TM')J! .14.:! I/,-43(/7,.'(-4!=1/1!
,88)'12! 06.! 3,')12! .(! -(/7,)'X1! .51! 2,.,:! e/64J,)lM,))'4! .14.! 3())(=12! 09! .51!
R,--lM5'.-19!\T.14.!=,4!.51-!81/3(/712!.(!+(78,/1!.51!/1+(/212!8,/,71.1/4!'-!
.51! */(684:! [(/! 76).'8)1! +(78,/'4(-4K! .51! 4'*-'3'+,-+1! )1C1)! >s! L! F:FGH! =,4!
,2S64.12!='.5!&(-31//(-'!+(//1+.'(-K!sm-K!=51/1!-!=,4!.51!-6701/!(3!8,'/4!'-!.51!
76).'8)1! +(78,/'4(-4! >d,/K! #F"FH:! P))! 4.,.'4.'+,)! 8/(+126/14!=1/1! 81/3(/712! 09!
.51!4.,.'4.'+,)!4(3.=,/1!YbYY!#F:F:F!>#F""H:!

 

 

 



! $"!

 

O-&$B41846/05&0A&6I9&9AA936=&0A&3001/52&45>&I946/52&7469=&05&6I9&=87B/B41&0A&!"#
$%&'()*+$*,&/<<46879=&=6079>&46&>/AA97956&69<?9746879=&ZJLY+&60&XY+[:&

[/145! 1**!0,.+514! (3!I5* 2+4&#'$%*>r!#%5H!=1/1! '4(),.12! '-! *),44! .6014! >(-1!81/!
1,+5!.601H!,-2!1Z8(412!.(!A5*)+',(-#%)#&!317,)14!3(/!#%5!8,/,4'.'X,.'(-!,.!,!"]G!
8,/,4'.('2m5(4.! /,.'(!,-2!4.,-2,/2!/1,/'-*!+(-2'.'(-4! >#Ap"°UK!`GpGQ!W^!,-2!
"A]N! D]?H:! O-1! */(68! (3! 8,/,4'.'X12! 0,.+514! 6-21/=1-.! .51! ./',)4! '7712',.1)9!
,3.1/!8,/,4'.'X,.'(-!>#%5H!=51/1,4!(.51/! .=(!*/(684!=1/1!51)2!,.! .51!4.,-2,/2!
+(-2'.'(-4! 6-.')! .51! G.5! ,-2! "".5! 2,94:! I5'4! 8/(C'212! .5/11! 2'331/1-.!
21C1)(871-.! 4.,*14! '-! 8,/,4'.'X12! 1**4]! '77,.6/1! ),/C,1K! 7,.6/1! ),/C,1K! ,-2!
868,1:! I5'4! .'71! 0,.+514! =1/1! /,-2(7)9! ,44'*-12! .(! 4.(/,*1! ./1,.71-.4! .5,.!
'-+)6212!481+'3'+!+(()'-*!,-2!51,.'-*!/,.14!,88)'12!013(/1!,-2!,3.1/!.51!4.(/,*1!
81/'(2]!&

!
A1) Cooling rate (CR1) of 0.05 min-1 down to 10 °C; Storage for 10 days; Heating 

rate (HR1) of 0.05 min-1 up to 26°C; Hatching at 26°C and 30 °C  
A2) Cooling rate (CR2) of 0.005 min-1 down to 10 °C, storage for 10 days and 

heating rate (HR2) of 0.005 min-1 up to 26°C; Hatching at 26°C and 30 °C  
 
 

B1) Cooling rate (CR1) of 0.05 min-1 down to 5 °C, storage for 10 days and 
heating rate (HR1) of 0.05 min-1 up to 26°C; Hatching at 26°C and 30 °C 
(Only immature larvae) 

B2) Cooling rate (CR2) of 0.005 min-1 down to 5 °C, storage for 10 days and 
heating rate (HR2) of 0.005 min-1 up to 26°C; Hatching at 26°C and 30 °C 

 
 
C1) Cooling rate (CR1) of 0.05 min-1 down to 0 °C, storage for 10 days and 

heating rate (HR1) of 0.05 min-1 up to 26°C; Hatching at 26°C and 30 °C 
(Only immature larvae)  

C2) Cooling rate (CR2) of 0.005 min-1 down to 0 °C, storage for 10 days and 
heating rate (HR2) of 0.005 min-1 up to 26°C; Hatching at 26°C and 30 °C  

 
 

!

P3.1/!1,+5!4.(/,*1!./1,.71-.K!0,.+514!3/(7!1C1/9!21C1)(871-.!4.,*1!=1/1!2'C'212!
'-!.=(!*/(684K!./,-431//12!.(!418,/,.1!+)'7,.'+!+5,701/4!,-2!51)2!/1481+.'C1)9!,.!
#AkU! ,-2! $F! kU! >`GpGQ! W^! ,-2! "A]N! D]?H! 6-.')! 5,.+5'-*:! I=(! */(684! (3!



! $#!

8,/,4'.'X12! 0,.+514! =1/1! ./,-431//12! .(! .51! 4,71! +5,701/4! ,.! #AkU! ,-2! $F! kU!
>`GpGQ!W^!,-2!"A]N!D]?H!,-2!41/C12!,4!+(-./()4:!P!.(.,)!(3!#N!4.(/,*1!./1,.71-.4!
=,4!+,//'12!(6.B!3(/!1,+5!./1,.71-.!"G!/18)'+,.14!>':1:K!.6014H!=1/1!+,//'12!(6.!,-2!
.51! 3())(='-*!8,/,71.1/4!/1+(/212]!-(:!(3!8,/,4'.'X12!5(4.!1**4!81/!0,.+5K!-(:!(3!
1**!4.,)J4!81/!0,.+5K!(3348/'-*!8/(26+.'(-!>-(:!(3!317,)14!171/*12!81/!0,.+5HK!41Z!
/,.'(!>Q!317,)14HK!,-2!317,)1!21C1)(871-.!.'71:!!

!

!

O.a. Data analysis and statistics  

?,.,!=1/1!.14.12!3(/!-(/7,)'.9!='.5!.51!Y5,8'/(TM')J!.14.:!I/,-43(/7,.'(-4!=1/1!
.51-! ,88)'12! 06.! 3,')12! .(! -(/7,)'X1! .51! 2,.,:! U(-41<61-.)9! e/64J,)lM,))'4! .14.!
3())(=12! 09! .51!R,--lM5'.-19! \T.14.!=,4! 81/3(/712! .(! +(78,/1! .51! /1+(/212!
8,/,71.1/4! '-! .51! */(684:! [(/!76).'8)1! +(78,/'4(-4K! .51! 4'*-'3'+,-+1! )1C1)! >s! L!
F:FGH!=,4!,2S64.12!='.5!&(-31//(-'!+(//1+.'(-K!sm-K!=51/1!-!=,4! .51!-6701/!(3!
8,'/4! '-! .51! 76).'8)1! +(78,/'4(-4! >d,/K! #F"FH:! Y.,.'4.'+,)! 8/(+126/14! =1/1!
81/3(/712!09!.51!4.,.'4.'+,)!4(3.=,/1!YbYY!#F:F:F!>#F""H:!

!



! $$!

&

(9=816=&^&#/=38==/05&
&

J-&./0102/341&?474<9697=&0A&!"#$%&'()*+$*,&79479>&05&41697546/B9&I0=6&922=&&

&'()(*'+,)! 8,/,71.1/4! (3! A(&4-,/'$3* 488:! 5,C1! (3.1-! 011-! '-C14.'*,.12! '-! .51!
+(-.1Z.! (3! 0'()(*'+,)! +(-./():! >P6-*! &'* #2:! #F"F0H! 3(+6412! (-! .51! '-3)61-+1! (3!
.1781/,.6/1! (-! 1**! 7,.6/,.'(-! ,-2! )(-*1C'.9! (3! A5* 4&<#/&K! ,! */1*,/'(64! 1**!
8,/,4'.('2! (3! 41C1/,)! 517'8.1/,-4! '-+)62'-*! .51! 01,-! 06*! ;+)'(/'$3* -2#C#'$3*
>^17'8.1/,! P)92'2,1H5* W146).4! '-2'+,.12! .5,.! 1**! 7,.6/,.'(-! '-+/1,412! ='.5!
'-+/1,4'-*!317,)1!,*1:!I5'4!./1-2!/1,+512!,!81,J!01.=11-!2,9!G!,-2!"F!2,94!06.!
.51-!*/,26,))9!21+)'-12!='.5! 317,)1! ,*'-*:! _**!7,.6/,.'(-! ,)4(! '-+/1,412!='.5!
.51! /,'4'-*! (3! .1781/,.6/1! ,-2! 4.(8812! (-)9! ,.! $GU:! I51! 21+)'-1! '-! 1**!
8/(26+.'(-!*1-1/,))9!/1+(/212!,.!.1781/,.6/1!1Z./1714!7,9!01!1Z8),'-12!09!.51!
)(=1/! -6701/! (3! (C,/'()14! 8/(26+12! ,.! 5'*5! .1781/,.6/14! ,-2! .51! 21+/1,412!
/,.14!(3!((*1-14'4!,.!)(=!.1781/,.6/14!>P6-*!&'*#2:!#F"F0K!^619!#'*#256"@@GH!

;-!,-(.51/!4.629!.51!/1),.'(-45'8!01.=11-!A5*4&<#/&!317,)1!,*1!,-2!8,/,71.1/4!
46+5! ,4! 8/(*1-9! 8/(26+.'(-! ,-2! 41Z! /,.'(! =,4! 1C,)6,.12! 6-21/! ),0(/,.(/9!
+(-2'.'(-4:!I51!(6.+(714!5'*5)'*5.12!5(=!.51!81/+1-.,*1!(3!8,/,4'.'47!,-2!.51!
-6701/! (3! (3348/'-*! =1/1! 4'*-'3'+,-.)9! )(=1/! '-! ()2! 317,)14:! R(/1(C1/! .51!
(8.'7,)!,*1! 3(/!A5*4&<#/#&! 8,/,4'.'X,.'(-!,881,/12! .(! /,-*1!01.=11-!"l%!2,94K!
=5')1!41Z!/,.'(!,-2!+)6.+5!4'X1!=1/1!-(.!,331+.12!09!317,)1!,*1:!P++(/2'-*!.(!.51!
4,71!3'-2'-*4!.51!/18/(26+.'C1!8(.1-.',)!(3!%l2,9l()2!,-2!"l2,9l()2!8,/,4'(.'24!
=,4! 4'*-'3'+,-.)9! 5'*51/! .5,-! #Fl2,9l()2! (-14! ,-2! ,-! '-+/1,412! -6701/! (3!
8/(*1-9!+(6)2!01!8/(26+12!09!%T2,94T()2!317,)14!='.5'-!45(/.!81/'(24!>P6-*K!&'*
#2:!#F"F,H:!!

Y(71! ,6.5(/4! 7,21! ,! 7(/1! *1-1/,)! 8('-.K! 4./144'-*! .5,.! .51! ((*1-14'4! (3!
A(&4-,/'$3* 3)):! '4! -(.! +(78)1.1! ,.! ,26).! 171/*1-+1! >^'-.(-! "@N"K! &,..'4.'! &'*
#2:K"@@FH:!;-!3,+.!=51-!.5'4!8/(+144!=,4!'-C14.'*,.12!'-!A5*L("4(4+*,-2!A5*8$@#4#&!
09!R,8)1!>"@$`H!,-2!M141)(5!>"@NAH!/1481+.'C1)9K!1C'21-+1!=,4!8/(C'212!.5,.!
.51!<6,-.'.9!(3!7,.6/1!1**4!4((-!,3.1/!.51!171/*1-+1!'4! )(=:!O-)9!,3.1/!41C1/,)!
2,94!.51!-6701/!(3!1**4!=,4!/18(/.12!.(!'-+/1,41!:!



! $%!

;-!A5*)+',(-#%)#&!31+6-2'.9!2181-24!(-!.51!8/(+144!(3!((*1-14'4!,-2!((4(/8.'(-:!
I5'4!71+5,-'47!'-C14.'*,.12!09!&,..'4.'!&'*#2:!>"@@FH!'4!)'J1)9!.(!51)8!8,/,4'.('2!
317,)14! =51-! 3,+'-*! 5,/45! 1-C'/(-71-.,)! +(-2'.'(-4:! I51! 4,71! ,6.5(/4K!
,-,)9X'-*! .51! C,/',.'(-! '-! A5* )+',(-#%#)&! 1**! -6701/K! 3(6-2! (6.! .5,.! '.! =,4!
+(-4'4.1-.!='.5!.51!(-1!214+/'012!09!M141)(5!>"@NAH!3(/!A5*8$@#4#&5*[/(7!.51!
/146).4!,881,/12!1C'21-.!.5,.!.51!-6701/!(3!7,.6/1!1**4!81,J12!'-!"FT2,94!()2!
317,)14:!R(/1(C1/! .51!8/141-+1!(3!5(4.!1**4! +)1,/)9!,331+.12! .51!71+5,-'47!(3!
((*1-14'4!,-2!((4(/8.'(-:!I5'4!851-(71-(-! '4!(3!J19! '78(/.,-+1! '-!8,/,4'.('2!
5(4.!41,/+5'-*!4./,.1*'14!,))(='-*!.51!=,484!.(!/17,'-!31/.')1!3(/!)(-*!.'714!1C1-!
'-!.51!,041-+1!(3!.51'/!5(4.4!>&,..'4.'!&'*#2:K!"@@FH:!

O6/! /146).4! >I,0)1! "HK! =5')1! -(.! 1Z5,64.'C1K! .1-2! .(! +(-3'/7! .51! 3'-2'-*4! (-!
A(&4-,/'$3* 488:! ;-! 3,+.K! 317,)1! )'31! 48,-! =,4! ,0(6.! %G! 2,94! (-! ,C1/,*1! ,-2!
8,/,4'.('2! 21C1)(871-.! .((J! ,0(6.! "A! 2,94:! ?,.,! 45(=12! ,-! 1C'21-.! ./1-2! (3!
8,/,4'.'X,.'(-! ,-2! (3348/'-*! 8/(26+.'(-! 01.=11-! 2,9! %! ,-2! G! (3! 8,/,4'.('2! )'31!
,-2! ,! */,26,)! 21+)'-1! 6-.')! 2,9! #N:! P4! '-! .51! 8/1C'(64! 4.62'14K! .51! 81,J! (3!
8,/,4'.'X,.'(-! (++6//12! 41C1/,)! 2,94! ,3.1/! 8,/,4'.('2! 5,.+5'-*:! OC1/,))K! .51!
/146).4! (3! 8,/,4'.'X,.'(-! ,-2! 8/(*1-9! 8/(26+.'(-! =1/1! 8,/.'+6),/)9! +('-+'21-.!
='.5!.5(41!(3!A5*4&<#/#&!=5(41!/18/(26+.'C1!8(.1-.',)!=,4!5'*51/!'-!%l2,9l()2!
317,)14!.5,-!'-!#Fl2,9l()2!(-14!>['*:":!,-2!['*:#H!:!
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['*! :":! V6701/! (3! 8,/,4'.'X12! 1**4! 81/! 317,)1! 81/! 2,9! >71,-4! p! Y:?:H! ,.! 4.,-2,/2! /1,/'-*!
+(-2'.'(-4!>#AkUK!`GQ!W^!,-2!"A]N!D]?H:!

!

!
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2-0#1
!

['*!:#:!V6701/!(3!(3348/'-*!8/(26+12!3/(7!1**4!8,/,4'.'X12!09!1,+5!4'-*)1!317,)1!'-!,!2,9!>71,-4!
p!Y:?:H!,.!4.,-2,/2!/1,/'-*!+(-2'.'(-4!>#AkUK!`GQ!W^!,-2!"A]N!D]?H:!

!

!

!

! ! !

!#=2&*M:!Y677,/9!(3!)'31!5'4.(/9!./,'.4!>71,-4!p!Y:?:H!(3!A5*)+',(-#%)#&!,26).!317,)14!/1,/12!(-!E5*

C+/+>$2#!1**4!,.!#A!p!"!kUK!`G!p!GQ!W^!,-2!"A]N!D]?!,-2!312!='.5!5(-19:&

&

&

/B>BFDCD>M! :DBA*NBOPD*QR*'S+ST!

243(0!8*/,(*!(#$'*9&0:!;4,:%<! 48.25 ± 9.32!

=9&)#%&0&#$,(!)*+&#4!;4,:%<! 27.50 ± 11.70!

7#%0>+*)+#43.0&9*!)*+&#4!;4,:%<! 20.75 ± 14.82!

?#0,(!)+#'*$:!! 90.25 ± 41.82!

@*,$!4*9*(#)/*$0!0&/*!8*/,(*!;4,:%<! 16.23 ± 0.48!

@*,$!4*9*(#)/*$0!0&/*!/,(*!;4,:%<! 15.66 ± 0.47!

A*B!+,0&#!;C!8*/,(*%<!! 99.05 ± 1.42!



! $A!

N-&!>956/A/346/05&FG&<07?I0102G&45>&<94=879<956=&0A&!"#$%&'()*+$*,&

/<<46879&=6429=:&

D,/C,)! '-4.,/4! (3!A(&4-,/'$3* 3)):! 5,C1! 011-! .5(/(6*5)9! '-C14.'*,.12! '-! .51! ),4.!
21+,214!06.!.51!-6701/!(3!'21-.'3'12!4.,*14!'4!-(.!,)=,94!+(-4'4.1-.!'-!860)'4512!
)'.1/,.6/1:!A(&4-,/'$3*8$C#4#&*=,4!'-'.',))9!/18(/.12!.(!5,C1!.5/11!),/C,)!'-4.,/4!
09! U/(447,-! >"@#GH:! ^(=1C1/! ,! 7(/1! 21.,')12! '-C14.'*,.'(-! (3! 7,-2'0)14!
/1C1,)12! .51!8/141-+1!(3! 3'C1!2'4.'-+.! 4.,*14!b,/J1/!>"@$$H:! ;-!,!"@$`!4.629!(-!
.51! 0'()(*9! (3!A5* L("43(4+K! R,8)1! '21-.'3'12! .5/11! ),/C,)! '-4.,/4! 09! ,-,)9X'-*! ,!
41/'14!(3!8,/,71.1/4!'-+)62'-*!.51!45,81!(3!7,-2'0)14!,-2!.51'/!4+)1/(.'X12!.11.5:!
V6701/!(3!),/C,)!4.,*14!=1/1!,)4(!'-C14.'*,.12!'-!A5*'/+4+>#>&43+3!U/,=3(/2!,-2!A5*
)#'/+-+#&!Y600,!W,(!09!E1/)'-*!1.!,):K! >"@`AH!,-2!R,..14(-!>"@N"H!/1481+.'C1)9K!
,-2!.5/11!2'4.'-+.!),/C,)!'-4.,/4!(041/C12:!^(=1C1/!.51'/!3'-2'-*4!=1/1!-(.!0,412!
(-!7,-2'0)1!,-,)94'4:!&9!+(-./,4.!I,J,46!,-2!^'/(41!>"@N@H!3(+6412!1Z+)64'C1)9!
(-!7,-2'0)1!,-,)94'4! 3(/! .51!21.1+.'(-!(3!A5*E&<#/#&*),/C,)!4.,*14!+),'7'-*!.5,.!
(.51/!+/'.1/',!46+5!,4!45,81!,-2!4'X1!(3!),/C,)!0(29!=1/1!-(.!4633'+'1-.)9!/1)',0)1!
3(/!,!+(//1+.!'21-.'3'+,.'(-:!O6/!/146).4!,/1!+(-4'4.1-.!='.5!.51!3'-2'-*4!(3!I,J,46!
,-2!^'/(41!45(='-*!.5,.!4(71!(3!.51!8,/,71.1/4!41)1+.12!3(/!.51!'21-.'3'+,.'(-!(3!
'77,.6/14! 46+5!,4!0(29! )1-*.5!,-2!='2.5K!51,2!='2.5!,-2! 41*71-.,.'(-!=1/1!
'-,21<6,.1! .(! 213'-1! ,))! ),/C,)! '-4.,/4:! ;-! 3,+.! ,.! .51! +(-2'.'(-4! .14.12! '-! (6/!
,-,)94'4! (-)9! 7,-2'0)1! )1-*.5! +(6)2! 46++14436))9! 213'-1! 3'C1! ),/C,)! 4.,*14! .5,.!
=1/1! '21-.'3'12! 09! 3/1<61-+9! 2'4./'06.'(-! ,-,)94'4:! ?14+/'8.'C1! 4.,.'4.'+4! (3!
7,-2'0)1! )1-*.5! ,/1! /18(/.12! '-! I,0)1! #:! ;-! A(&4-,/$3! ),/C,1K! 7,-2'0)14! (3!
8/1C'(64!'-4.,/4!,/1!*1-1/,))9!/18(/.12!.(!/17,'-!(-!.51'/!4J'-!17012212!'-!,-,)!
45'1)24! ,3.1/! 1,+5! 7().! '4! +(78)1.12! >b,/J1/K! "@$$B! R,8)1! "@$`B! I,J,46! ,-2!
^'/(41K! "@N@H:! ;-! (6/! '-C14.'*,.'(-! $/2! '-4.,/! 7,-2'0)14! =1/1! (3.1-! C'4'0)1K!
,..,+512! (-! .51'/! 1Z6C',1K! '-! .51!7'22)1! (3! 3(6/.5! '-4.,/! ),/C,)! 0(29:!^(=1C1/!
,-,)! 45'1)24! ='.5! 17012212! 7,-2'0)14! 3/(7! 8/1+12'-*! '-4.,/4! =1/1! -1C1/!
+)1,/)9!(041/C12!,4! .519!=1/1!214+/'012!09!R,8)1! >"@$`H! 3(/!A5*L("43(4+:!P3.1/!
.51! 4.,'-'-*! 8/(+126/1! ,))! 7,-2'0)14! +,-! 01! 1,4')9! 21.1+.12! 09! 7'+/(4+(8'+!
(041/C,.'(-! 1Z+18.! 3(/! .5(41! (3! .51! 3'/4.! '-4.,/! =5(41! 71,46/171-.4! +)64.1/!
,/(6-2! $µ! ,-2! ,/1! .564!7(/1! )'J1)9! .(! 01! (C1/)((J12:! I51/13(/1! (6/! 3'-2'-*4K!
.5(6*5!-(.!+(-+)64'C1K!.1-2!.(!+(-3'/7!.51!598(.514'4!(3!I,J46!,-2!^'/(41!=5(!



! $`!

,/*612! .5,.! .51! 2'33'+6).9! (3! 21.1+.'-*! 3'/4.! '-4.,/! 7,-2'0)14! 7,9! 5,C1! )12!
4+'1-.'4.4! '-! .51! 8,4.! .(! 2/,=! 7'4)1,2'-*! +(-+)64'(-4! (-! .51! /1,)! -6701/! (3!
4.,*14:!I51/13(/1K!,++(/2'-*!.(!.51!4,71!,6.5(/4!.51!8/141-+1!(3!G!),/C,)!'-4.,/4!
7'*5.!/18/141-.!,!*1-1/,)!/6)1!'-!,))!A(&4-,/'$3!488:!

!
!5=647& S945&B4189&Z&_&`&M-#-[!

"4.!!;-4.,/! $:#!p!F:A!

#-2!;-4.,/! "F:"!p!F:`!

$/2!;-4.,/! "%:#!p!F:A!

%.5!;-4.,/! "@:%!p!F:@!

G.5!;-4.,/! #G:G!p!F:G!

!

!#=2&*N:!R,-2'0)1!)1-*.5!(3!1,+5!A5*)+',(-#%)#&*),/C,)!'-4.,/!

!

&

& &

&%!.5!'-4.,/!7,-2'0)14]!7,-2'0)14!=1/1!.51!7(4.!46'.,0)1!+5,/,+.1/!3(/!71,46/171-.4!!
,-2!,-,)94'4:!I51!/12!,//(=!!71,46/14!#F:FG!µ!

&

&



! $N!

U-&$B41846/05&0A&6I9&9AA936=&0A&6I9&I0=6&922&429&05&!"#$%&'()*+$*,&

?474=/6/V46/05:&

;-! ),0(/,.(/9! .14.4!A5*)+',(-#%)#&! ,++18.12!,-2!8,/,4'.'X12!D5*(--+>&4'#2+3! 5(4.!
1**4!(3!1,+5!,*1!+),44!,-2!+(78)1.12!'.4!21C1)(871-.!1'.51/!'-!-1=)9!(C'8(4'.12!
5(4.! 1**4! >r#%5H! (/! '-! 1**4! +(-.,'-'-*! 85,/,.1! -97854! +)(41! .(! 5,.+5'-*:! V(!
4.,.'4.'+,))9!4'*-'3'+,-.!2'331/1-+14!,7(-*!.51!41C1-!,*1!+),4414!=1/1!(041/C12!'-!
.51!-(:!(3!8,/,4'.'X12!5(4.!1**4!81/!0,.+5!>e/64J,)TM,))'4]!^!L!@:#"B!23!L!AB!4!L!N@B!
b!u!F:FGHK!-(:!(3!1**!4.,)J4!81/!0,.+5!>e/64J,)TM,))'4]!^!L!@:N`B!23!L!AB!-!L!N@B!b!u!
F:FGHK!(3348/'-*!8/(26+.'(-!>e/64J,)TM,))'4]!^!L!"F:`%B!23!L!AB!-!L!N@B!b!u!F:FGH!
,-2! 41Z! /,.'(! >e/64J,)TM,))'4B!^!L!"#:%%B! 23! L! AB! -! L!NAB! b!u!F:FGH:! ;-! +(-./,4.!
21C1)(871-.!.'71!(3!'77,.6/1!A5*)+',(-#%)#&!317,)14!=,4!4'*-'3'+,-.)9!,331+.12!
09!5(4.! 1**!,*1!,-2! '-+/1,412! '-!()21/!D5*(--+>&4'#2+3*1**4! 3/(7!"%:NG!pF:F@Y_!
2,94! (-! #%5! 1**4! .("`:F#p":#G! O7! 2,94! (-`T2,94! 1**4! >e/64J,)TM,))'4]! ^! L!
"G:#%B! 23! L! AB! -! L! A#B! b! r! F:FGH! >I,0)1! "H:& ;-! ,22'.'(-! 5(4.! 1**! ,*1! =,4! -(.!
4'*-'3'+,-.)9!+(//1),.12!='.5!-(:!(3!8,/,4'.'X12!5(4.!1**4!81/!0,.+5!>Y81,/7,-q4!
/5(!L! TF:FF@K! -!L!N@!b!L!F:@$FHK! -(:! (3! 1**! 4.,)J4!81/!0,.+5! >Y81,/7,-q4! /5(!L!
F:F%@K! -! L! N@K! b! L! F:AG"HK! (3348/'-*! 8/(26+.'(-! 81/! 0,.+5! >Y81,/7,-q4! /5(! L!
F:FGFK! -! L! N@! b! L! F:A%%H! ,-2! 41Z! /,.'(! >Y81,/7,-q4! /5(! L! TF:"A"K! -! L! N%K! b! L!
F:"%#H:!O-!.51!+(-./,/9!,!4'*-'3'+,-.!+(//1),.'(-!=,4!21.1+.12!01.=11-!5(4.!1**!
,*1!,-2!317,)1!21C1)(871-.!.'71!>Y81,/7,-q!/5(!L!F:$F"K!-!L!A#K!b!L!F:F"`H:!

!

!

!

!

!

!

!

&



! $@!

P3.1/! 8,/,4'.('2! 171/*1-+1K! .51! /14'2614! /17,'-'-*! '-4'21! .51! 1**! 451))! (3! D5*
(--+>&4'#2+3! =1/1! ,-,)9X12! ,-2! 4(71! 2'331/1-+14! -(.'+12! >['*:! $,H:! M51-! .51!
+(/1'2!1**4!5,2!011-!8,/,4'.'X12!4((-!,3.1/!.51!(C'8(4'.'(-!(-)9!31=!31+,)!81))1.4!
+(6)2!01!21.1+.12!>['*:!$,:#H:!O-!.51!+(-./,/9!=51-!8,/,4'.'X,.'(-!5,2!(++6//12!
,.! .51! 1-2! (3! 170/9(! 21C1)(871-.! ,! 5'*5! <6,-.'.9! (3! 31+,)! 81))1.4! +(6)2! 01!
(041/C12! >['*:! $,:%H:! ;-! 3'*6/1! $,:$K! (-! ,! `T2,94! ()2! 2'441+.12! 5(4.! 1**K! .51!
/17,'-4!(3!,!D5*(--+>&4'#2+3!-9785!,251/1-.!.(!.51!'--1/!4'21!(3!.51!+5(/'(-!+,-!
01!(041/C12!'-!./,-48,/1-+9!(-!.51!/'*5.!4'21!(3!,-!A5*)+',(-#%)#&!5,.+5'-*!5()1:!

 

 

['*:! $,:! D&)'(:2(33$3* (--+>&4'#2+3! ^1'217,--! 1**4! 8,/,4'.'X12! 09! A(&4-,/'$3*
)+',(-#%)#&!>R1/+1.H]!>"K!#H!"T2,9!()2!8,/,4'.'X12!1**4!='.5!8,/,4'.('2!5,.+5'-*!5()14!
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presenting completely developed nymphs close to
hatching. Infact data such as the number of parasitized
eggs and sex ratio were not significantly affected by
differences in host egg age. Only O. pityocampae females
developing in older eggs took longer in reaching
adulthood, highlighting how in older host eggs the
conversion of free nutrients into a more complex substrate
(e.g., chitinized tissues) may partially impair both food
quality and food availability (VINSON, 1998).

Our data on O. pityocampae parasitization of L.
occidentalis eggs suggest a departure of this species from
Ooencyrtus sp. general trend except for juvenile
development time where results were more consistent with
those recorded for O. anasae.

These findings may represent an adaptation to effective
exploitation of older eggs in egg-parasitoids that target
hosts whose eggs remain viable in nature only for a short
period or show a rapid embryonic development followed
by a more or less long lasting larval and pharate nymph
stage. This phenomenon is evident in both L. occidentalis
and Thaumetopoea processionea (L.) (Lepidoptera
Thaumetopoeidae) (BIN and TIBERI, 1983).

In conclusion, recent studies on egg-parasitoids have
focused on host egg age as a key factor for parasitization
and in several works a reduced parasitoid acceptance of
older batches and a decreased suitability of older eggs over
fresh ones were often reported. This trend despite being
widespread among many different egg-parasitoid families
(see NECHOLS et al., 1989; VINSON, 1998) did not apply to
O. pityocampae reared on L. occidentalis at the conditions
tested in our experiment. On the contrary O. pityocampae
parasitization pattern was more consistent with the trend

described by SABBATINI PEVERIERI et al., (2013) for G.
pennsylvanicum parasitization of L. occidentalis.
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Table 1. Mean no. (±SE) of parasitized eggs/batch, egg stalks/batch (means ± SE), offspring production (means ± SE), female development time (days, means ± SE) and sex 
ratio (% of females ± SE) of Ooencyrtus pityocampae on Leptoglossuss occidentalis host eggs of different ages. 

  
 

!"#"$%&%# '()*+ )(, -(, *(, .(, /(, 0(,
123(24(5"#"67&78%,(%996 !"#$%&'(")*+, !"-%&'("*.+, !"#)%&'/"(/+, !"-)%&'/"--+, $"))%&'("))+, ."$$%&'/".0+, -"$%&'/"(.+,
123(24(%99(6&":;6 ."!$%&'/"($+, ."!!%&'/".!+, ."-)%&'/"!-+, .".$%&'/")#+, )"#$%&'/"--+, $"0.%&'/")-+, ."-%&'-"(.+,
<4465#7=9(5#2,>?&72= ."!$%&'/"($+, ."!!%&'/".!+, !"#)%&'/"!/+, .".$%&'/")#+, )"))%&'/"-!+, $"0.%&'/")-+, !"#%&'/"))+,
@%$":%(,%A%:25$%=&(&7$%(B,C /."#$%&'("(*+, /."0)%&'("/0+,1 /$"(/&'("-#+,1 /$"#$%&'("0#+,1 /.")*%&'("/(+,1 /$"-(%&'("--+,1 /)"(-%&'/"-$+1
D%E(#"&72(BF(24(4%$":%6C /((, /((, /((, #."$!%&'#"*(+, *0"*$%&'-"$)+, /((, *$"#!%&'."/0+,
123(24(5"#"67&78%,(%996 !"#$%&'(")*+, !"-%&'("*.+, !"#)%&'/"(/+, !"-)%&'/"--+, $"))%&'("))+, ."$$%&'/".0+, -"$%&'/"(.+,

G26&(%99("9%

 

 

Means in the same row followed by the same letters are not significantly different (Kruskal-Wallis Test; Mann-Whitney Test; P < 0.05/21). 
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+3.+4+.7(2*!6(,86/.!0)-<!,6/!3(,7)(2!6-*,!53+7/*0-'3+D6/!)/*72,*!+3.+8(,/.!,6(,!,6/!

./4/2-'</3,(2! ,6)/*6-2.!=(*!#YC\Y±#C"#]K!(3.!,6(,!-00*')+3%!')-.78/.!-3!,6/!

(2,/)3(,+4/!6-*,!/%%*!=(*!*7+,(52/!0-)!0+/2.!)/2/(*/!(*!/00/8,+4/!'/*,!8-3,)-2!(%/3,*!

(%(+3*,!53+7/*0-'!

D6-7%6!3-,!8-3827*+4/9! ,6/!)/*72,*!-0!-7)!/1'/)+</3,+-3+!3+0/(&"%-60-#! )/()/.!

=+,6+3!6-*,!/%%*!-0!;3+1/$#-()6! +3.+8(,/.!,)/3.*!8-3*+*,/3,!=+,6!,6-*/!)/8-)./.!

+3! 2+,/)(,7)/C! D6/! (3(2;*+*! -0! !3+ 0/(&"%-60-#! /</)%/38/! .(,(! *6-=/.! 3-!

*,(,+*,+8(22;!*+%3+0+8(3,!.+00/)/38/*!5/,=//3!%)-7'*!/18/',! 0-)! ,6/!-3/!)/()/.!(,!

H_°K! ,6(,! =(*! 8-3*+*,/3,2;! (00/8,/.! 5;! ,6/! +38)/(*/.! ,/<'/)(,7)/! ?c&dZ! De!

UYCY#V! 7AeHV! $e##AV! =eYCYYY#B! a+%C! HC! T3! ,6/! -,6/)! 6(3.9! .(,(! 8-38/)3+3%! ,6/!

)/2(,+-3*6+'! 5/,=//3! ,/<'/)(,7)/! (3.! T3+ 0/(&"%-60-#! ./4/2-'</3,(2! ,+</*!

*//<! ,-! (%)//! '(),+872()2;! =+,6! ,)/3.*! )/8-)./.! 0-)! 4$->&')*+ *''3+ I3! 0(8,+

/4(27(,+-3! -0! /%%&,-&(.72,! ,/<'/)(,7)/&./'/3./3,! ./4/2-'</3,! *6-=/.! ,6(,!
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8#!901-!*01%().:%!%2)1+)*50.!03!!"#$%&'()*+$*,!5&&)*+(%7!7*0(%-!30(!;<!

-)=7!)*!104!*%&'%()*+(%7!3(0&!;8>9!*0!<>9?!

!
J*! +,! =(*! ')/4+-7*2;! ./*8)+5/.9! (! %/3/)(2! '(,,/)3! +3! '()(*+,-+.! *,-)(%/! +*! ,6(,!

<-),(2+,;!,/3.*!,-!+38)/(*/!=6/3!8-3*/)4(,+-3!,/<'/)(,7)/!./8)/(*/*!!

?/C%C! L7/3-! (3.! >(3! K2/(4/9! #@@MV! S(8/;! /,! (2C9! #@@@V! S;*;F9! UYY"V! S-'/E! (3.!

L-,,-9!UYY\V!X(3./;!(3.!b-63*-39!UYY\V!S78E;3*F+!/,!(2C9!UYYMV!L/)3().-!/,!(2C9!

UYYABC!!

W+38/!(!=+./!4()+(5+2+,;!+3!8-2.!,-2/)(38/!+*!)/'-),/.!(<-3%!.+00/)/3,!2+0/!*,(%/*9!(!

%/3/)(2+E(,+-3!-0!,6+*!'(,,/)3!,-!'()(*+,-+.!%/3/)(i*'/8+/*!+*!-0,/3!+<'-**+52/!(*!

/18/',+-3*! -0,/3! -887)C! G-=/4/)! ,6/! ./,/)<+3(,+-3! -0! ,6/! <-*,! 8-2.&,-2/)(3,!

./4/2-'</3,(2!*,(%/!+*!-0!F/;!+<'-),(38/!+3!,6/!./*+%3!-0!8-2.!*,-)(%/!')-,-8-2*!

?K-2+3/,!(3.!L-+4+39!UY##BC!S-=!,/<'/)(,7)/!8-3*/)4(,+-3!-0!(.72,*!<(;!')-.78/!

(!<()F/.! )/.78,+-3! +3! '()(*+,-+.! 0+,3/**C! D67*9! *,-)+3%! N74/3+2/! *,(%/*! +*! -0,/3!

)/'-),/.!,-!5/!(!5/,,/)!*,)(,/%;9!'(),+872()2;!=6/3!*6-),&!,/)<!*,-)(%/!+*!'2(33/.!

?4(3!S/3,/)/3!(3.!D-<<(*+3+9!UYYUBC!!

L/8(7*/! '7'(/! ()/! (3! +<<-5+2/! (3.! -0,/3! =/22&')-,/8,/.! *,(%/9! ,6/;! ()/!

%/3/)(22;!*/2/8,/.!0-)!2-=!,/<'/)(,7)/!8-3*/)4(,+-3C!O/4/),6/2/**!8()/!<7*,!5/!

,(F/3! ,-! -)%(3+E/! (! ')-'/)! *,-)(%/! ')-,-8-29! *+38/! '7'(/9! ,6-7%6! ,6/-)/,+8(22;!

+3(8,+4/9!()/!;/,!(!</,(5-2+8(22;!4/);!(8,+4/!*,(%/C!I3!0(8,!.7)+3%!,6+*!'/)+-.!2()4(2!

,+**7/*! 73./)%-! 6+*,-2;*+*! ,-! 5/! ,6/3! )/(**/<52/.! +3! ,6/! (.72,! *6('/C! D6+*!

'6/3-</3-3! +*! )/*'-3*+52/! 0-)! ,6/! =+./! 4()+(5+2+,;! +3! 8-2.! *,-)(%/! ,-2/)(38/!

=+,6+3!,6+*!'/872+()!*,(%/!?K-2+3/,![!L-+4+3!UY##B!!

T7)! )/*72,*! %/3/)(22;! (%)//! =+,6! ,)/3.*! ./*8)+5/.! +3! 2+,/)(,7)/C! I3! 0(8,!

*,(,+*,+8(22;! *+%3+0+8(3,! .+00/)/38/*! =/)/! -5*/)4/.! +3! ,6/! '/)8/3,(%/! -0!

/</)%/38/!-0!!3+0/(&"%-60-#+6/2.!(,!U_]K9!M\!f!\g!RG!(3.!#_ZA!SZP!(0,/)!#Y&!

.(;*!*,-)(%/!-0!5&&)*+(%!1)(2)%!(,!,6/!0-22-=+3%!8-3*,(3,!,/<'/)(,7)/*Z!#\!]K9!

#Y!]K9!\!]K9!Y!]K!?M\!f!\g!RG!(3.!#_ZA!SZPB!?c)7*F(2&d(22+*Z!G!e!MUCU@V!.0!e!"V!$!e!

###V! X! e! YCYYY#B! ?a+%! \C#BC!`72,+'2/! 8-<'()+*-3*! *6-=/.! (!<()F/.! *+%3+0+8(3,!

./82+3/! +3! (.72,! /</)%/38/!5/,=//3!'()(*+,+E/.!5(,86/*! *,-)/.!(,!#\]K!(3.!(22!

,6/!-,6/)!,/<'/)(,7)/!,)/(,</3,*C!I<<(,7)/!2()4(/!=/)/!'(),+872()2;!(00/8,/.!5;!
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,6/! *,-)(%/! -0! 5(,86/*! (,! \]KC!L;! 8-3,)(*,! 3-! *+%3+0+8(3,! .+00/)/38/!=/)/! 0-73.!

5/,=//3! ,6/! #\]K! ,)/(,</3,! (3.! ,6/! 8-3,)-2! %)-7'! =6/)/! /%%&,-&(.72,!

./4/2-'</3,!-887))/.!(,!@A>99!M\!f!\g!RG!(3.!#_ZA!SZ!PC!

W+<+2()! )/*72,*!=/)/! -5,(+3/.!=6/3!'()(*+,-+.*!=/)/! ,)(3*0/))/.! ,-! HY]K! (0,/)!

5/+3%! *75N/8,/.! ,-! ,6/! *(</! ,)/(,</3,*! ?c)7*F(2&d(22+*Z!G!e!M\C@MV!.0!e!"V!$! e!

##HV!X!e!YCYYY#B!?a+%!\CUBC!$4/3!+3!,6+*!8(*/!8-<'()+*-3*!*6-=/.!(!')-3-738/.!

./82+3/! +3! (.72,! /</)%/38/! 5/,=//3! 5(,86/*! *,-)/.! (,! #\]K! (3.! (22! ,6/! -,6/)!

,/<'/)(,7)/! ,)/(,</3,*C! T3! ,6/! 8-3,)();! 3-! *+%3+0+8(3,! .+00/)/38/! =(*! 0-73.!

5/,=//3! ,6/! #\]K! ,)/(,</3,! (3.! ,6/! 8-3,)-2! %)-7'! =6/)/! /%%&,-&(.72,!

./4/2-'</3,!-887))/.!(,!B<>99!M\!f!\g!RG!(3.!#_ZA!SZ!PC!
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C)*+(%! 1)(2)%! (3.!'+')%!=/)/! *,-)/.! (,! ,6/! 8-3.+,+-3*!./*8)+5/.! (5-4/! (3.!

,6/3!/(86!*,(%/!.+4+./.!(3.!,)(3*0/))/.!,-!U_]K!(3.!HY]KC!

!

J0,/)! *,-)(%/9!&)*+(%! 1)(2)%! 6/2.! (,! @A>9! *6-=/.! *+%3+0+8(3,! .+00/)/38/*! +3!

/</)%/38/!?c)7*F(2&d(22+*Z!G!e!\UC\\V!.0!e!"V!$!e!@HV!X!e!YCYYY#B!?a+%!\CHBC!!

`72,+'2/! 8-<'()+*-3*! )/4/(2/.! (! ./82+3/! +3! '()(*+,-+.! *7)4+4(2! ,6(,! .)-''/.!

.)(<(,+8(22;! 0-)!!3+ 0/(&"%-60-#! *,-)/.! (,! Y]KC! O-! *+%3+0+8(3,! .+00/)/38/*! =/)/!

)/8-)./.!5/,=//3!8-3,)-2!%)-7'!(3.!'()(*+,-+.*!*,-)/.!(,!#\]K9!#Y]KC!

S+F/=+*/!<(,7)/!2()4(/!,)(3*0/))/.!,-!B<>9!=/)/!*+%3+0+8(3,2;!.+00/)/3,!?c)7*F(2&

d(22+*Z! G! e! \@CU_V! .0! e! "V!$! e! @UV! X! e! YCYYY#B! ?a+%! \C"BC!`72,+'2/! 8-<'()+*-3*!

./0+3/.!(!,)/3.!+3!'()(*+,-+.!*7)4+4(2!*+<+2()!,-!,6(,!./*8)+5/.!(5-4/C!

!

W+<+2()2;9! '+')%! )/()/.! /+,6/)! (,! @A>9! -)! B<>9! (0,/)! *,-)(%/9! ')/*/3,/.!

*+%3+0+8(3,!.+00/)/38/*!+3!/</)%/38/!?c)7*F(2&d(22+*Z!G!e!U_C\HV!.0!e!"V!$!e!@"V!X!

e!YCYYY#B!?a+%!\C\B!(3.!?c)7*F(2&d(22+*Z!G!e!HMCU_V!.0!e!"V!$!e!@#V!X!e!YCYYY#B!?a+%!

\C_B!)/*'/8,+4/2;C!D6+*!,+</!,6/!)/.78,+-3!+3!'()(*+,-+.!*7)4+4(2!(**-8+(,/.!=+,6!

,/<'/)(,7)/! ./8)/(*/! =(*! 2/**! ')-3-738/.C! J,! ,6/! 8-3.+,+-3*! ,/*,/.! +3! -7)!

/1'/)+</3,*! '7'(/! )/*72,/.! ,-! 5/! ,6/!<-*,! 8-2.! ,-2/)(3,! *,(%/! 8-30+)<+3%! ,6/!

0+3.+3%*!(3.!%/3/)(2!,)/3.!-0!'752+*6/.!2+,/)(,7)/C!
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\g!RG!(3.!#_ZA!SZP!(0,/)!#Y!.(;*!*,-)(%/!-0!5&&)*+(%!1)(2)%!(,!,6/!0-22-=+3%!8-3*,(3,!
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\g!RG!(3.!#_ZA!SZP!(0,/)!#Y!.(;*!*,-)(%/!-0!5&&)*+(%!1)(2)%!(,!,6/!0-22-=+3%!8-3*,(3,!
,/<'/)(,7)/*!#\!]K9!#Y!]K9!\!]K9!Y!]K!?M\!f!\g!RG!(3.!#_ZA!SZPB!=+,6+3!/%%*!-0!,6/!6-*,!
;'-0:"*"6-+1/$#-()6C!

Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 
0.05/10). 
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Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 
0.05/10). 
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Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 
0.05/10). 
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,/<'/)(,7)/*C! D6/*/! )/*72,*! =/)/! 8-3*+*,/3,! =+,6! ,6/! 0+3.+3%*! -0! K-72*-3! (3.!

L(2/! ?#@@YB! =6-! *6-=/.! ,6(,! *7)4+4(2! -0! 6-7*/! 02;! ?O)*%-+ 7"6#*(/%-B! '7'(/!

8--2/.!(,!8-3*,(3,!)(,/*!0)-<!UM!,-!&M]K!+38)/(*/.!=+,6!./8)/(*+3%!8--2+3%!)(,/C!

S/4+/!#(+-1C9!?UYY\B!*6-=/.!,6(,!<7<<+/*!-0!43+':"0-1"*/0:/!,6(,!=/)/!*75N/8,/.!

,-! .+)/8,! ,)(3*0/)! 0)-<! )--<! ,/<'/)(,7)/! ,-! &\! ')/*/3,/.! (! 6+%6/)! <-),(2+,;!

)(,/*! 8-<'()/.!=+,6! ,6-*/!*75<+,,/.! ,-! ,/<'/)(,7)/! ,)/(,</3,*!5;!7*+3%!*,/'!

,/<'/)(,7)/! )/.78,+-3C! O/4/),6/2/**! 8-2.! *,-)(%/! 3/%(,+4/2;! +3027/38/.!

'()(*+,-+.! 0+,3/**! 8-<'()/.! =+,6! ,6/! 8-3,)-2! ,6(,! ./4/2-'/.! (,! )--<!

,/<'/)(,7)/C! I3! 0(8,9! (0,/)! ,/<'/)(,7)/! ,)/(,</3,*9! 0/873.+,;! =(*! )/'-),/.! ,-!

./8)/(*/!0-)!H&.&-2.!<7<<+/*! +3!(22! ,)/(,</3,*!(3.!0-)!#&.&-2.!<7<<+/*!=+,6!

3-! ')/4+-7*! (882+<(,+-3C! D6+*! 0(8,!<(;! 2/(.! ,-! )/.78/.! 8-3,)-2! /00+8+/38;! (0,/)!

0+/2.!)/2/(*/!-0!8-2.&*,-)/.!'()(*+,-+.*C!G-=/4/)9! N74/3+2/!(882+<(,+-3!%/3/)(22;!

+<')-4/.! *7)4+4(2! (3.! 0/873.+,;! (*! )/8-)./.! 5;! X-2%()! ?#@A_B! 0-)! ,6/! *(</!

'()(*+,-+.C! I3! 40:/7/)*+ 6-('/%-'/-#! G(2+.(;! *,-)/.! (,! A]K! (0,/)! (882+<(,+-39!

/</)%/38/!)(,/!=(*!)/'-),/.!,-!+38)/(*/!5;!W6(2(5;!(3.!R(5(**/!?#@M@BC!W+<+2()!

0+3.+3%*! =/)/! -5*/)4/.! 5;! L7/3-! (3.! 4(3! K2/(4/! ?#@@MB! 0-)! 40:#1/$)*+

0#'0-11/7)*! Q(6(3! ?G;</3-',/)(! J'6/2+3+.(/B! (3.! 5;! W+3%6! (3.! W)+4(*,(4(!

?#@AAB!0-)!9'/"P&*+/$7/%)*!W755(!R(-![!W6()<(!?G;</3-',/)(!L)(8-3+.(/BC!!

Our results *6-=/.! *,(,+*,+8(22;! *+%3+0+8(3,! .+00/)/38/*! +3! ,6/! /</)%/38/! -0! !3+

0/(&"%-60-#! ,)(3*0/))/.! ,-! @A>99! M\! f! \g! RG! (3.! #_ZA! SZP! (0,/)! 5&&)*+(%!

1)(2)%! =/)/! *75N/8,/.! 0-)! #Y! .(;*! ,-! ,6/! 0-22-=+3%! ,/<'/)(,7)/! ,)/(,</3,*Z!

W,-)(%/!5;!.+)/8,!,)(3*0/)!?PDB!(,!#Y]K9!*,-)(%/!(,!#Y]K!(3.!8--2+3%i6/(,+3%!)(,/!

-0!YCY\!<+3&#!?KR#iGR#B9!*,-)(%/!(,!#Y]K!(3.!8--2+3%i6/(,+3%!)(,/!-0!YCYY\!<+3&#!

?KRUiGRUB! ?c)7*F(2&d(22+*Z! G! e! \AC_UV! .0! e! HV! $! e! AAV! X! e! YCYYY#B! ?a+%! _C(BC!

S+F/=+*/!*+<+2()!)/*72,*!=/)/!-5,(+3/.!=6/3!+<<(,7)/!2()4(/!=/)/!,)(3*0/))/.!



! \U!

,-!B<>9!(0,/)!5/+3%!*75N/8,/.!,-!,6/!*(</!,)/(,</3,*!?c)7*F(2&d(22+*Z!G!e!_UC#\V!

.0!e!HV!$!e!A@V!X!e!YCYYY#B!?a+%!_C5BC!D6/*/!0+3.+3%*!*7%%/*,!,6(,!=6/3!+<<(,7)/!

2()4(/!=/)/!*75<+,,/.!.+)/8,2;!,-!#Y]K!0-)!,6/!#Y!.(;*!*,-)(%/9!(!*6()'!./82+3/!+3!

(.72,! /</)%/38/! 8-<'()/.! =+,6! ,6/! 8-3,)-2! ,--F! '2(8/C! T3! ,6/! 8-3,)();9! (!

'-*+,+4/! *+%3+0+8(3,! /00/8,! -0! ,6/! *2-=/)! YCYY\! <+3&#! KRUiGRU! -3! '()(*+,-+.!

*7)4+4(2!=(*!-5*/)4/.!=6/)/(*!,6/!*,/(.;!YCY\!<+3&#!KRUiGRU!.+.!3-,!')-4+./!

(3;! *+%3+0+8(3,! 5/3/0+,C! d6/3! '()(*+,+E/.! 5(,86/*! =+,6! +<<(,7)/! 2()4(/! =/)/!

,)(3*0/))/.!,-!U_]K9!,6/!KRUiGRU!%)-7'!)/*72,/.!,-!5/!2-=/)!+3!/</)%/38/!,6(3!

,6/!8-3,)-2! ?a+%C_(BC!T3! ,6/!-,6/)!6(3.!=6/3!5(,86/*! 0)-<!,6/!*(</!,)/(,</3,!

=/)/! <-4/.! ,-! HY]K! 3-! *+%3+0+8(3,! .+00/)/38/! +3! /</)%/38/! =(*! -5*/)4/.!

8-<'()/.!=+,6!,6/!8-3,)-2!?a+%C_C5BC!

D6/*/! -7,8-</*! *//<! 8-3*+*,/3,! =+,6! '752+*6/.! )/*/()86! 6+%62+%6,+3%! ,6/!

'-*+,+4/!/00/8,!/1/),/.!5;!(882+<(,+-3!-3!+3*/8,!*7)4+4(2!(0,/)!8-3*/)4(,+-3!(,!2-=!

,/<'/)(,7)/*C!G-=/4/)!(*!K-2+3/,!(3.!L-+4+39!?UY##B!'-+3,/.!-7,9!8()/!<7*,!5/!

,(F/3! ,-! .)(=! 8-3827*+-3*! *+38/! ,6/! /00/8,*! -0! (882+<(,+-3! <+%6,! 5/! '(),2;!

8-73,/)5(2(38/.! 5;! (! ./4/2-'</3,! /00/8,! -887))+3%! =6/3! +3.+4+.7(2*! .7)+3%!

(882+<(,+-3! )/(86! *,(%/*! ,6(,! .+*'2(;! .+00/)/3,! ,/<'/)(,7)/! ,-2/)(38/C! d6/3!

,6/)<(2! (882+<(,+-3! 8-38/)3*! '()(*+,-+.! N74/3+2/! *,(%/*9! (! 8-<5+3(,+-3! -0!

)/4/)*+52/! (3.! ./4/2-'</3,(2! (882+<(,+-3! <+%6,! (8,7(22;! (00/8,! '6/3-,;'+8!

86(3%/*!?J3%7+22/,,(9!UYY@B!

I3! ,6/! *(</! */,! -0! /1'/)+</3,*!C)*+(%! 1)(2)%! (3.!'+')%! =/)/! *,-)/.! (,! ,6/!

8-3.+,+-3*!./*8)+5/.!(5-4/!(3.!,6/3!/(86!*,(%/!.+4+./.!(3.!,)(3*0/))/.!,-!U_]K!

(3.!HY]KC!

C)*+(%! 1)(2)%! )/()/.! (,! @A>9! *6-=/.! *+%3+0+8(3,! .+00/)/38/*! +3! /</)%/38/!

?c)7*F(2&d(22+*Z!G!e!#HCUMV!.0!e!HV!$!e!M_V!X!e!YCYY"B!?a+%!_C8BC!D6+*!,+</!)/*72,*!

')/*/3,/.! 3-! *+%3+0+8(3,! .+00/)/38/*! 5/,=//3! ,)/(,</3,! %)-7'*! (3.! -32;! ,6/!

8-3,)-2!%)-7'!)/*72,/.!,-!5/!*+%3+0+8(3,2;!6+%6/)!,6(3!,6/!.+)/8,! ,)(3*0/)!%)-7'C!

W+<+2()2;9!5(,86/*!8-3,(+3+3%!<(,7)/!2()4(/!<-4/.!,-!B<>9!')/*/3,/.!*+%3+0+8(3,!

.+00/)/38/!+3!6(,86+3%!?c)7*F(2&d(22+*Z!G!e!#UC@\V!.0!e!HV!$!e!MAV!X!e!YCYY"B!?a+%!

_C.BC! G-=/4/)!<72,+'2/! 8-<'()+*-3*! /4+./38/.! (! *+%3+0+8(3,! 4()+(,+-3! +3! (.72,!

/</)%/38/!-32;!5/,=//3!KRUiGRU!%)-7'!(3.!,6/!8-3,)-2C!



! \H!

T3! ,6/! -,6/)! 6(3.9!'+')%! )/()/.! (,!@A>9! *6-=/.! 3-! *+%3+0+8(3,! .+00/)/38/! +3!

/</)%/38/! ?c)7*F(2&d(22+*Z! G! e! YC"A@V! .0! e! HV! $! e! MMV! X! e! YC@U"B! ?a+%! _C/B!

=6/)/(*! ,6-*/!)/()/.!(,!B<>99!')/*/3,/.!*+%3+0+8(3,!4()+(,+-3*!?c)7*F(2&d(22+*Z!

G!e!AC\HV!.0!e!HV!$!e!M_V!X!e!YCYH"B!?a+%!_C0BC!X7'(/!*75N/8,/.!,-!*,-)(%/!=+,6-7,!

(882+<(,+-3! ')/*/3,/.! (! 5-)./)2+3/! *+%3+0+8(3,! )/.78,+-3! +3! *7)4+4(2! 8-<'()/.!

=+,6! ,6-*/! (882+<(,/.! 5;! ?KR#iGR#B9! 57,! 3-! .+00/)/38/! =+,6! ,6/! ?KRUiGRUB9!

%)-7'!(3.!,6/!8-3,)-2C!
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E/>3+ M3-3+ X/)8/3,(%/! -0! /</)%/38/! ?</(3*! f! G3HCB! -0! !3+ 0/(&"%-60-#+ (0,/)! #Y! .(;*! *,-)(%/! -0!
5&&)*+(%! 1)(2)%! =+,6+3! /%%*! -0! ,6/! 6-*,! ;'-0:"*"6-+ 1/$#-()6! ?M\! f! \g! RG! (3.! #_ZA! SZPBC!
I<<(,7)/! 2()4(/! =/)/! *75N/8,/.! ,-! ,6/! 0-22-=+3%! ,/<'/)(,7)/! ,)/(,</3,*Z! W,-)(%/! 5;! .+)/8,!
,)(3*0/)!?PDB!(,!#Y]K9!*,-)(%/!(,!#Y]K!(3.!8--2+3%i6/(,+3%!)(,/!-0!YCY\!<+3&#!?KR#iGR#B9!*,-)(%/!
(,! #Y]K! (3.! 8--2+3%i6/(,+3%! )(,/! -0! YCYY\!<+3&#! ?KRUiGRUBC! I3! ,6/! 8-3,)-2! %)-7'! /%%&,-&(.72,!
./4/2-'</3,!-887))/.!(,!*,(3.().!8-3.+,+-3*!?U_]K!(3.!HY]K9!M\!f!\g!RG!(3.!#_ZA!SZ!PBC!

!

Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 0.05/6). 
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E/>3+M3@3+X/)8/3,(%/!-0!/</)%/38/!?</(3*!f!G3HCB!-0!!3+0/(&"%-60-#+(.72,*!(0,/)!#Y!.(;*!*,-)(%/!-0!
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5&&)*+(%!1)(2)%!=/)/!)/()/.!(,!*,(3.().!8-3.+,+-3*!?B<>99!M\!f!\g!RG!(3.!#_ZA!SZ!PBC!

Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 0.05/6). 
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E/>3M3%3+X/)8/3,(%/!-0!/</)%/38/! ?</(3*!f!G3HCB!-0!!3+0/(&"%-60-#+(.72,*!=(*!(3(2;*/.!(0,/)!#Y!
.(;*!*,-)(%/!-0!&)*+(%! 1)(2)%!=+,6+3!/%%*!-0! ,6/!6-*,!;'-0:"*"6-+1/$#-()6! ?M\!f!\g!RG!(3.!
#_ZA! SZ!PBC!`(,7)/! 2()4(/!=/)/! *75N/8,/.! ,-! ,6/! 0-22-=+3%! ,/<'/)(,7)/! ,)/(,</3,*Z! W,-)(%/! 5;!
.+)/8,!,)(3*0/)!?PDB!(,!#Y]K9!*,-)(%/!(,!#Y]K!(3.!8--2+3%i6/(,+3%!)(,/!-0!YCY\!<+3&#!?KR#iGR#B9!
*,-)(%/!(,!#Y]K!(3.!8--2+3%i6/(,+3%!)(,/!-0!YCYY\!<+3&#!?KRUiGRUBC!I3!,6/!8-3,)-2!&)*+(%!1)(2)%!
=/)/!)/()/.!(,!*,(3.().!8-3.+,+-3*!?@A>99!M\!f!\g!RG!(3.!#_ZA!SZ!PBC!

Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 0.05/6). 
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E/>3+M373+X/)8/3,(%/!-0!/</)%/38/!?</(3*!f!G3HCB!-0!!3+0/(&"%-60-#+(.72,*!=(*!(3(2;*/.!(0,/)!#Y!
.(;*!*,-)(%/!-0!&)*+(%! 1)(2)%!=+,6+3!/%%*!-0! ,6/!6-*,!;'-0:"*"6-+1/$#-()6! ?M\!f!\g!RG!(3.!
#_ZA!SZPBC!`(,7)/!2()4(/!=/)/!*75N/8,/.!,-!,6/!*(</!,/<'/)(,7)/!,)/(,</3,*!./*8)+5/.!+3!a+%C!_C8C!
I3!,6/!8-3,)-2!&)*+(%!1)(2)%!=/)/!)/()/.!(,!*,(3.().!8-3.+,+-3*!?B<>99!M\!f!\g!RG!(3.!#_ZA!SZ!
PBC!

Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 0.05/6). 
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+E/>3+M3#3+X/)8/3,(%/!-0!/</)%/38/!?</(3*!f!G3HCB!-0!!3+0/(&"%-60-#+(.72,*!(0,/)!#Y!.(;*!*,-)(%/!-0!
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*75N/8,/.! ,-! ,6/! 0-22-=+3%! ,/<'/)(,7)/! ,)/(,</3,*Z! W,-)(%/! 5;! .+)/8,! ,)(3*0/)! ?PDB! (,! #Y]K9!
W,-)(%/! (,! #Y]K! (3.! 8--2+3%i6/(,+3%! )(,/! -0! YCY\! <+3&#! ?KR#iGR#B9! W,-)(%/! (,! #Y]K! (3.!
8--2+3%i6/(,+3%! )(,/! -0! YCYY\!<+3&#! ?KRUiGRUBC! I3! ,6/! 8-3,)-2!'+')%!=/)/! )/()/.! (,! *,(3.().!
8-3.+,+-3*!?@A>99!M\!f!\g!RG!(3.!#_ZA!SZ!PBC!

Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 0.05/6). 
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!

E/>3+M3A3+X/)8/3,(%/!-0!/</)%/38/!?</(3*!f!G3HCB!-0!!3+0/(&"%-60-#+(.72,*!(0,/)!#Y!.(;*!*,-)(%/!-0!
'+')%!=+,6+3!/%%*!-0! ,6/!6-*,!;'-0:"*"6-+1/$#-()6! ?M\!f!\g!RG!(3.!#_ZA!SZ!PBC!G+')%!=/)/!
*75N/8,/.! ,-! ,6/! 0-22-=+3%! ,/<'/)(,7)/! ,)/(,</3,*! ./*8)+5/.! +3! a+%C! _C/C! I3! ,6/! 8-3,)-2!'+')%!
=/)/!6/2.!(,!*,(3.().!)/()+3%!8-3.+,+-3*!?B<>99!M\!f!\g!RG!(3.!#_ZA!SZ!PBC!!

Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 0.05/6). 
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! \_!

H#!$5&%!*0!)-+1*!-%2%10'&%.*#!

#

D+</! 2(%! 5/0-)/! (.72,! /</)%/38/!=(*! (3(2;E/.! (*!=/22C! W,(,+*,+8(22;! *+%3+0+8(3,!

.+00/)/38/*! =/)/! )/8-)./.! +3! ,6/! ./4/2-'</3,! ,+</! -0!!3+ 0/(&"%-60-#+6/2.! (,!

@A>99!M\!f!\g!RG!(3.!#_ZA!SZP!(0,/)!#Y!.(;*!*,-)(%/!-0!5&&)*+(%!1)(2)%!(,!,6/!

0-22-=+3%!8-3*,(3,!,/<'/)(,7)/*Z!#\!]K9!#Y!]K9!\!]K9!Y!]K!?M\!f!\g!RG!(3.!#_ZA!

SZPB!?c)7*F(2&d(22+*Z!G!e!HUCUYV!.0!e!HV!$!e!_AV!X!e!YCYYY#BC!`-)/-4/)!(!'-*+,+4/!

*+%3+0+8(3,! 8-))/2(,+-3! 5/,=//3! ./4/2-'</3,! ,+</! (3.! )/.78,+-3! -0! *,-)(%/!

,/<'/)(,7)/!=(*! -5*/)4/.! ?W'/()<(3j*! )6-! e! YC\_#V! 3e_AV! X! e! YCYYY#B?D(52/!

MC#C! (3.! a+%C! MC(BC! J3(2-%-7*! )/*72,*! =/)/! -5,(+3/.! =6/3! '()(*+,-+.*! =/)/!

,)(3*0/))/.! ,-! B<>9! (0,/)! 5/+3%! *75<+,,/.! ,-! ,6/! *(</! ,)/(,</3,*! ?c)7*F(2&

d(22+*Z!G!e!HHCAMV!.0!e!HV!$!e!\@V!X!e!YCYYY#BC!a7),6/)<-)/!(!'-*+,+4/!*+%3+0+8(3,!

8-))/2(,+-3! 5/,=//3! ./4/2-'</3,! ,+</! (3.! )/.78,+-3! -0! *,-)(%/! ,/<'/)(,7)/!

=(*!./,/8,/.!?W'/()<(3j*!)6-!e!YC\MHV!3e\@V!X!e!YCYYY#B?D(52/!MCUC!(3.!a+%C!MC5BC!

I3!a+%!MC(95!8-))/2(,+-3!(3.!<72,+'2/!8-<'()+*-3*!*6-=!(!<()F/.!(3.!*+%3+0+8(3,!

+38)/(*/!-0!./4/2-'</3,(2! ,+</! 0-)! %)-7'*!-0! +<<(,7)/! 2()4(/! *,-)/.!(,!#Y! ]K9!
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Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 0.05/6). 
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Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 0.05/6). 
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Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 0.05/6). 
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Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 0.05/6). 
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Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 0.05/6). 
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Different letters imply significant differences (Kruskal-Wallis Test; Mann-Whitney Test; P < 0.05/6). 
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"#$%&!'($)&*+#($+,!

!

:- S?%61%725+!54!@2565829%6!Q%/%)*7*/'!54!*$%+",-./'0+'1%/*%/*3!%7%(26°C, 75 ± 

5% RH, 16:8 L:D)! '=5<*3! 7=%7! 4*)%6*! 624*! 'Q%+! <%'! %@517! TM! 3%&'! 5+!

%?*/%8*!%+3!Q%/%'27523!3*?*65Q)*+7!72)*!:L!3%&'-!U?2Q5'2725+%6!Q*/253!5+!

%?*/%8*! <%'! RH-";! 3%&'! <=26*! Q5'7! /*Q/531972?*! Q*/253! <%'! %/51+3! R:!

3%&'-! D=*!5?*/%66! Q/58*+&!Q/5319*3! 2+! 7=*! 7/2%6! /*'167*3! 75!@*!5+! %?*/%8*!

#;-R"V! =5<*?*/! <23*! ?%/2%@2627&! <%'! /*95/3*3-! O5/*5?*/! =28=6&! 4*)%6*W

@2%'*3! '*X! /%725! (##-;"!I! 54! 4*)%6*'.! <%'! /*Q5/7*3-! U?*/%66! 3%7%! 32'Q6%&!

*?23*+7! 7/*+3'! 54! Q%/%'272Y%725+! %+3! 544'Q/2+8! Q/5319725+! <27=! Q*%Z'! 45/!

@57=!Q%/%)*7*/'!/*%9=*3!<=*+!4*)%6*'!<*/*!@*7<**+!T!%+3!"!3%&'!563-!

!

R- O%+32@6*! 6*+87=G!=*%3!<237=G!@53&! 6*+87=!%+3!'*8)*+7%725+!<*/*!'5)*!54!

7=*! Q%/%)*7*/'! %+%6&'*3! 2+! 5/3*/! 75! 3*42+*! A1?*+26*! '7%8*'! 54! *$%

+",-./'0+'1-! D=*!)5'7! '127%@6*! Q%/%)*7*/! 45/! 7=*! 23*+72429%725+! 54! 6%/?%*!

<%'! )%+32@6*! 6*+87=-! D=*! 6*+87=! 54! 7=*'*! '7/1971/*'! %665<*3! 7=*!

23*+72429%725+! 54! "! 6%/?%6! 2+'7%/'! @&! 4/*01*+9&! 32'7/2@1725+! %+%6&'2'-! >+!

95+7/%'7! 57=*/! Q%/%)*7*/'! <*/*! +57! /*62%@6*! 2+! 7=*! 23*+72429%725+! 54!

A1?*+26*'-!

!

[- D=*!*XQ*/2)*+7!5+!7=*!*44*97'!54!%8*3!<$%.//":17,'6"5!*88'!5+!*$%+",-./'0+'1!

Q%/%'272Y%725+! '=5<*3! 7=%7!+1)@*/!54!Q%/%'272Y*3!*88'! %+3! '*X! /%725!<*/*!

+57! '28+2429%+76&! 2+461*+9*3! @&! =5'7! *88! %8*!<=*/*%'! 4*)%6*! 3*?*65Q)*+7!

72)*!<%'!65+8*/!2+!563*/!*88'-!D=2'!7/2%6!1+3*/62+*3!7=%7!*$%+",-./'0+'1!<%'!
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+",-./'0+'1! <27=2+! *88'! 54!2$% 6"71',80! Q/5?23*3! *?23*+9*! 7=%7! Q%/%'27523!

3*?*65Q)*+7! 72)*! 8/%31%66&! 3*9/*%'*3! /*%9=2+8! %@517! #! 3%&! %7! [LEF!

<=*/*%'! 27! 2+9/*%'*3! 1Q! 75!)5/*! 7=%+! [;! 3%&'! %7! :#EF-! $%7%! '188*'7! 7=%7!
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