
!"#&"!"

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

&,$!#1"//23.)*#$%!/,"'-/,++&$'!

"
-4567589:!)6;<=>5?9>@4A!

'()*+"'+,-./+"
0+1)2-3+/-"45"'.4(467"
8/.9+2:.-7"45";+,):"
;7(+2<";="">#>??"
@@+,-./+AB--7(+2C+DB"

B@@8<49>@4A!

E:)@+((+"F)BG.H2+"
;+,):"I0"J+:C"K"LDC"I2462)3"
;+,):"M62.(.5+"J+:+)2NO"
P2+D2.N*:@B26<";="">QR%S"
3O()BG.+2+AO4-3).(CN43"

"

"
'<8@4>56?!-<45@CA"";O+"2+:B(-:"2+142-+D"O+2+")2+"5243"T42*"N4/DBN-+D"UN-4@+2"%VV>"-O24B6O"W+1-+3@+2"%VVQC"
"
"D/&'"B&!

;O+"6()::7!T./6+D":O)21:O44-+2< Homalodisca vitripennis,"O):")"2+D"1.63+/-"-O)-".:"54B/D"./".-:"T./6:"DB2./6"-O+"5./)("
.33)-B2+":-)6+"45".-:"(.5+C""U9+2"-O+"N4B2:+"45"-O+":O)21:O44-+2X:"(.5+:1)/<"-O+"2+D"1.63+/-"D)2*+/:"T.-O"3)-B2)-.4/")/D"
+9+/-B)((7"@+N43+:")"@24T/Y@()N*"N4(42C"";O+:+"1.63+/-:")2+"B/.D+/-.5.+D"@B-"@+(.+9+D"-4"@+"1O+43+()/./")/D"+B3+()/./<"
2+:1+N-.9+(7C"";O+")6+"45"-O+":O)21:O44-+2"N)/"@+"D+-+23./+D"@7")/)(7G./6"-O+")34B/-"45"2+D"1.63+/-"54B/D"./"-O+"T./6:C""E/"
-O.:":-BD7<"T+")--+31-+D"-4".D+/-.57"-O+"2+D"1.63+/-")/D"ZB)/-.57"-O+")34B/-"45"2+D"1.63+/-"N4/-)./+D"./"T./6:"9.)"NO+3.N)("
)/)(7:.:C""8(-.3)-+(7<"T+"54B/D"-O)-".-"T):"342+"12)N-.N)("-4"D+-+23./+"-O+")34B/-"45"2+D"1.63+/-"N431)2+D"-4"@24T/Y@()N*"
1.63+/-"B:./6")/".3)6+")/)(7G./6":45-T)2+"[E3)6+\]"-4"N431)2+"-O+"2)-.4:"45"+)NO"N4(42"12+:+/-C""
"
)*&'+%EB&)+*!

E/")2+)!T.D+"3)/)6+3+/-":-BD.+:"./"^)(.542/.)")/D";+,):<"6()::7!T./6+D":O)21:O44-+2:"[_`WWa"Homalodisca vitripennis]"
)2+"N4((+N-+D"B:./6"7+((4T":-.N*7"N)2D:":BNO"):"-O+";2bNb"E/NC")DO+:.9+"-2)1";&&VR"[;2bNb<"E/NC<"MD).2<"Uc]C"";O.:"3+-O4D"
T42*:"9+27"T+(("542"34/.-42./6"141B()-.4/"/B3@+2:")/D".D+/-.57./6":1+N.+:"-O)-"4NNB2"./"-O+"5.+(DC""d4T+9+2<"D+-+23././6"-O+"
)6+"45":O)21:O44-+2"455"45"-2)1:"N)/"@+"D.55.NB(-"DB+"-4"-O+"D+62)D)-.4/"45"./-+2/)("-.::B+:C""d4T+9+2<"-O+"_`WWX:"T./6"N4(42"
NO)/6+:"5243"2+D"-4"@()N*"@):+D"4/".-:")6+")/D"-O.:".:")":-)-.N"NO)/6+"-O)-".:"/4-")(-+2+D"14:-342-+3C"";O.:"N4314B/D".:"
12414:+D"-4"@+"1O+43+()/./"TO.NO".:"2+D!@24T/")/D"N)/"@+"N4/9+2-+D"./"-4"+B3+()/./"[)"D)2*"@24T/Y@()N*"1.63+/-]"
[`)*)3)-:B"%VV%<";2)/"%VVR]C""
"
("&$')"1/!"*%!($&,+%/!

Determination of red and brown/black pigment.  M6+"D+-+23./)-.4/"T):"D4/+"@7":N)//./6"-O+"T./6:"B:./6")"d+T(+--"I)N*)2D"
WN)/e+-"&#VVN":N)//+2"[05?F4<!G]C"";O+:+".3)6+:"T+2+"()@+(+D"1241+2(7")/D"-O+/")/)(7G+D"@7"E3)6+\":45-T)2+C""M"N4(42"
O.:-462)3"T):"4@-)./+D")(4/6"T.-O"-O+")2+)"45":+(+N-.4/"./":ZB)2+"1.,+(:<")/D"-O+"3+)/"62)7"9)(B+C""M"/B3+2.N)("9)(B+"T):"
N)(NB()-+D"542"+)NO"T./6"[,f[J![[_g']Y%]]h3+)/Y)2+)]C"";O+:+"9)(B+:"T+2+"B:+D"-4":+-"B1")":-)/D)2D":N)(+"B:./6"*/4T/")6+:C""
"

"
05?F4<!GH!!Development of Standards and Age Determination for field-collected insectsC""_`WW"T+2+"
2+)2+D"5243"+66:")-"-O+";+,):"M62.(.5+"J+:+)2NO"5)N.(.-7"./"P2+D2.N*:@B26<";=C""L)NO"D)7<"/+T(7"34(-+D"
)DB(-:"T+2+"N4((+N-+D")/D"-2)/:5+22+D"-4":+1)2)-+"N)6+:C"";O+:+"./:+N-:"T+2+")((4T+D"-4":B29.9+"&<"R<"?<")/D"
$#"D)7:C""M-"-O)-"-.3+"-O+"./:+N-:"T+2+":)N2.5.N+D")/D")/)(7G+D"542"-O+"2)-.4"45"2+D"1.63+/-"-4"@24T/Y@()N*"
1.63+/-"):"D+:N2.@+D")@49+C""P243"-O+"7+((4T":-.N*7"-2)1:<"_`WW"T./6:"T+2+"N4((+N-+D")/D")/)(7G+DC"

"
'$/E1&/!"*%!%)/BE//)+*"
_`WW"N4((+N-+D"4/"D.55+2+/-"D)7:"O)D":.6/.5.N)/-(7"D.55+2+/-"(+9+(:"45"2+D"1.63+/-"./"-O+.2"T./6:"[05?F4<!I]C""`+"-+:-+D")"
()26+"624B1"45"5.+(D!N4((+N-+D"_`WW")/D"TO+2+")@(+"-4"D+-+23./+"-O+"2+()-.9+")6+"45"-O+"./:+N-:C""d4T+9+2<"3)/7"45"-O+"
-+:-+D"./:+N-:"T+2+"D+-+23./+D"-4"@+"4(D+2"-O)/"%$"D)7:C"";O+2+542+<"T+"/++D"-4"2+5./+"-O+":7:-+3")/D":+-":-)/D)2D:")-"-O+"3),"
)6+"45"-O+"./:+N-:C"



!"#S"!"

%%QCRS"gY!"%C$&

%&$C$&"gY!"$C>%

%&&CV>"gY!"VCQR

%&#CS&"gY!"VC?>

%&>CQ$"gY!"$C&S

%&QC?>"gY!"$CV%

%%R

%%Q

%&V

%&%

%&S

%&R

%&Q

%SV

V # $V $# %V %#

"?<!J%9K=!"L><4!(@:>M

'
<
C
!-
5N
<
:!
J(
<
9
6
M

"
05?F4<!IC""0+N2+):./6"(+9+(:"45"2+D"1.63+/-"54B/D"./"_`WW"T./6:"49+2"-.3+C"

"
"
B+*B1E/)+*/!

;O+"B/*/4T/"1.63+/-"./"-O+":O)21:O44-+2"T./6:".:"@+(.+9+D"-4"@+"1O+43+()/./C"";O+"4-O+2"12414:+D"1.63+/-:"45"
,)/-O43)--./")/D"+27-O241-+2./")@:42@)/N+":1+N-2)")2+":.3.()2"./":O)1+"-4"-O)-"45"4-O+2"426)/.N"1.63+/-:"B/(.*+"-O+"B/*/4T/"
N4314B/DC""IO+43+()/./".:"N4334/(7"54B/D"./"/)-B2+")/D"N)/"@+"+):.(7"N4/9+2-+D"-4"+B3+()/./"TO.NO".:")"D)2*+2<")(34:-"
@()N*"OB+C""IO+43+()/./"[2+D]"N)/"@+"N4/9+2-+D"-4"+B3)()/./"[@()N*]".5"-O+":4(B-.4/".:"()N*./6")"O.6O"N4/N+/-2)-.4/"45":B(5B2"
N4314B/D:C"";O+2+542+".5"N7:-+./+"[:B(5B2"N4/-)././6]"N4/N+/-2)-.4/".:"(4T<"-O+"1O+43+()/./"T.(("2+)D.(7"N4/9+2-"./-4"
+B3+()/./C""E/"-O+":O)21:O44-+2"-O.:"()N*"45"N7:-+./+"T4B(D"34:-"(.*+(7"N43+"5243")"NO)/6+"./"D.+-C""PB2-O+2"2+:+)2NO".:"
/++D+D"-4"9+2.57"-O)-"-O+"1.63+/-".:"./"5)N-"1O+43+()/./C"""
"
;O+")6+"45"-O+":O)21:O44-+2:"N)/"@+"D+-+23./+D"@7"E3)6+\C""E/")/")2+)!T.D+"3)/)6+3+/-"12462)3<".-".:".3142-)/-"-4"
B/D+2:-)/D"):"3)/7"@.4(46.N)("5)N-42:"):"14::.@(+C""M6+"3)7"O)9+")"D.2+N-"N422+()-.4/"-4"-O+"9+N-42)("N)1)N.-7"45"-O+"./:+N-:C"
"
'$0$'$*B$/!B)&$%!

;2)/<"iCFC"%VVRC"^O+3.N)(")/D"W-2BN-B2)("0.:42D+2"./"LB3+()/./:j"M"I4::.@(+"L,1()/)-.4/"542"'24)D@)/D"M@:42@)/N"
Biophysical Journal"?Vj">S&!>#%C"

`)*)3)-:B<"cC"%VV%C"MD9)/N+D"^O+3.N)("i+-O4D:"./"i+()/./"0+-+23./)-.4/C"Pigment cell Res $#j"$>S!$Q&C"
"
0E*%)*#!"#$*B)$/!

PB/D./6"542"-O.:"124e+N-"T):"1249.D+D"@7"-O+";+,):"I.+2N+X:"0.:+):+"J+:+)2NO")/D"LDBN)-.4/"I2462)3<")/D"-O+"8W0M"
M/.3)(")/D"I()/-"d+)(-O"E/:1+N-.4/"W+29.N+C"
"
"


