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INTRODUCTION 
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�S�H�R�S�O�H�� �F�R�P�S�U�L�V�L�Q�J�� �R�Y�H�U�� �������� �R�I�� �W�K�H�� �Z�R�U�O�G�·�V�� �S�R�S�X�O�D�W�L�R�Q�� �D�U�H�� �Q�R�Z�� �D�W�� �U�L�V�N�� �I�U�R�P��
'#&@*#()&'(\4 9!44(C0DD0%&('#&@*#(0&F#$+0%&"()-#($*--#&+D=(#"+0C)+#'(#J#-=(=#)-(
VOS]2( 34!3.( <,)+( #+( )DW( 34!NXW( G&( +,#( 6,0D0110&#"2( +,#-#( B#-#( N42NNL( -#1%-+#'(
'#&@*#(0&$0'#&$#"(&)+0%&B0'#(B0+,(![!(F)+)D0+0#"(0&(34!3($%C1)-#'(B0+,(N4244[(
$)"#"( )&'( ![M( F)+)D0+0#"( 0&( 34!!( V)( '#$-#)"#( %F( !W4M( ^X( VA)=)@2( 34!3XW( 7%-#(
-#$#&+D=2("+)+0"+0$"(-#J#)D(!\32335('#&@*#($)"#"(&)+0%&B0'#(0&(34!_2(3!L2!M4(0&(
34![(VK]S(34![X2()&'(N332LMN(B0+,0&(`)&*)-=(! 9>#1+#CT#-(3!2(34!M2(0&$D*'0&@(
!23_3('#)+,"(VOS](34!MXW(A,#(D)++#-(,)"(1-%C1+#'(+,#(6,0D0110&#(K#1)-+C#&+(%F(
S#)D+,(+%('#$D)-#()(&)+0%&)D('#&@*#(%*+T-#)aW((

G&(+,#( )T"#&$#(%F(#FF#$+0J#( '-*@"()&'(+,#(D%$)D(*&)J)0D)T0D0+=(%F()(J)$$0&#2(
J#$+%-( $%&+-%D( ,)"( T##&( $%&"0'#-#'( )&( 0C1%-+)&+( +%%D( 0&( +,#( 1-#J#&+0%&( )&'(
$%&+-%D( %F( +,#"#( '0"#)"#"( V>0J)@&)&)C#2( 3444XW( 7%"U*0+%#"( "*$,( )"(!5% &"'()*+%
#b1D%0+( )(J)-0#+=(%F( )U*)+0$( ,)T0+)+"( )&'($%&+)0&#-"( "*$,( )"(1%&'"2(+)&a"2(+-##(
,%D#"2( +0-#"2( C*'( 1%+"2( '-*C"2( '0"1%"#'( 1D)"+0$( $*1"2( #+$W( )"( '#J#D%1C#&+)D( %-(
T-##'0&@("0+#"2(C)&=(%F(B,0$,()-#(0&)$$#""0TD#(F%-(D)-J0$0'#($%&+-%D(T=($,#C0$)D(
C#)&"W( G&( )''0+0%&2( $%&+0&*%*"( )11D0$)+0%&( %F( 1#"+0$0'#"( +%( -#@*D)+#( C%"U*0+%(
1%1*D)+0%&"( T#)-"( )'J#-"#( 0C1)$+( '*#( +%( '#J#D%1C#&+( %F( -#"0"+)&+( "+-)0&"( )&'(
'#)+,(%F(&%&9+)-@#+("1#$0#"(V8,)&'-)(#+()DW2(344[XW((

:"( )( "*"+)0&)TD#( )D+#-&)+0J#( +%( $,#C0$)D( $%&+-%D2( 0&$-#)"0&@( )++#&+0%&( 0"(
&%B(T#0&@('0-#$+#'(+%(T0%D%@0$)D($%&+-%D(C#+,%'"W(<0%D%@0$)D($%&+-%D(0"(+,#(*"#(%F(
1)-)"0+%0'2( 1-#')+%-2( 1)+,%@#&2( )&+)@%&0"+2( %-( $%C1#+0+%-( 1%1*D)+0%&"( +%(
"*11-#""( )( 1#"+( 1%1*D)+0%&2( C)a0&@( 0+( D#""( )T*&')&+( )&'( +,*"( D#""( ')C)@0&@(
+,)&(0+(B%*D'(%+,#-B0"#(T#(Vc)&(K-0#"$,#(d(<#DD%B"2( !MMLXW( :(D)-@#(&*CT#-(%F(
1)+,%@#&"( )&'( 1)-)"0+#"( ,)J#( T##&( 0"%D)+#'( )&'( "+*'0#'( F%-( +,#( $%&+-%D( %F(
C%"U*0+%#"W( :C%&@( +,#"#( @-%*1"2( +B%( #&+%C%1)+,%@#&0$( T)$+#-0)( 1-%'*$0&@(
+%b0&"2(6&0+--2$% *123+/'+"/$+$%"#-%+=1#( S9!5( )&'( 65% $)1&"3+02$%,)J#( ",%B&(
1%+#&+0)D( )&'( B#-#( #b+#&"0J#D=( "+*'0#'( 0&( J)-0%*"( 1)-+"( %F( +,#( B%-D'( )@)0&"+(
C%"U*0+%#"( V7*DD)2( !MM!XW( Q)-J0J%-%*"( F0",#"2(6"**&% $)-"/#"/$% V/#@)&X( )&'(
7."0+-+&%3"*+02-&*&%V6#+#-"X()-#(a&%B&(1-#')+%-"(%F(!5%&"'()*+%D)-J)#W(<%+,("1#$0#"(
B#-#( *"#'( 0&( +,#( T0%D%@0$)D( $%&+-%D( %F( +,#( C%"U*0+%( 0&( H%-+,#)"+#-&( <-)e0DW(
S%B#J#-2( +,#( F#)"0T0D0+=( %F( *"0&@( F0",( F%-( +,#( $%&+-%D( %F(!5% &"'()*+%D)-J)#( 0&(
'%C#"+0$( $%&+)0&#-"( C)=( T#( D0C0+#'( T=( +,#0-( "*-J0J)D( 0&( $,D%-0&)+#'( B)+#-(
V8)J)D$)&+0( #+( )DW2( 344MXW( :"0'#( F-%C( D)-J0J%-%*"( F0",#"2( +,#-#( )-#( C)&=( %+,#-(
&)+*-)D( 1-#')+%-"( %F( C%"U*0+%( B-0@@D#-"( D0a#( +,#( +)'1%D#( ",-0C1( VA6>X2(83+.)$%
/"9:"33(++% V6)$a)-'X2(B,0$,(B)"(#J)D*)+#'(T=(>*(d(7*DD)(V3443XW(A,#(1-#"#&$#(
%F( A6>( 0&( ,)T0+)+( B0+,( "1)-"#( )&'( D%B9@-%B0&@( J#@#+)+0%&( -#"*D+#'( 0&( C)-a#'(
-#'*$+0%&( %F(7$.3.)1.3&% 0.-2;:+&"% VK=)-( d( f&)TX( -)&@0&@( F-%C( _N9MM^W( A,#(
1%+#&+0)D( %F( +,#( &%+%&#$+0'( T*@2(</+*1&3"$% +/#+0&%VP)T-WX( VO)++)D( #+( )DW2( !MMLX2(
!/+$.)$% "1W( V>,))D)&( #+( )DW2( 344_X2( )&'( %'%&)+)&"( D0a#(!/&=% +;)"3&*.3% Q#)$,(
V>+)J(#+()DW2(3444X()&'(63&01(*3./%)3&*"/$"% V7gDD#-X(V8,)++#-Y##(#+()DW2%344_X2()"(
1-#')+%-"(%F(C%"U*0+%(D)-J)#( ,)'(T##&( "+*'0#'W(A,#(&=C1,(%F( 65%)3&*"/$"%B)"(
F%*&'(+%($%&"*C#(LL(F%*-+,90&"+)-( !/.)1"-"$%$2:)+0*2$% Z-)""0 %0&()(359,( "+*'=(
1#-0%'( V8,)++#-Y##( #+( )DW4%344_X2( B,0D#( +,#( $%D#%1+#-)&(!0+-+2$% $2-0&*2$%QW( $)&(
$%&"*C#(N5( >2-"=%?2+/?2"@&$0+&*2$%>)=(D)-J)#(1#-(')= %V8,)&'-)(#+()DW2(344[XW((

:C%&@( +,#( 1-#')+%-"( %F( !5% &"'()*+ 2( ,#C01+#-)&"( *&'#-( +,#( F)C0D=(
<#D%"+%C)+0')#()-#(D#""("+*'0#'(V],T)2(34!MXW(<#D%"+%C)+0'(T*@"(%-(B)+#-(T*@"(
%F(+,#(@#&*"(,+)-./(012$ (Q)1%-+#2(D0a#%,5%&//2-&*2$ (VP)T-0$0*"X( )&'( ,5%32$*+02$(
VP)T-0$0*"X( Vh,5% +/#+02$%c#&a)+#")&( d( /)%X2( )-#( a&%B&( +%( 1-#=( *1%&( C%"U*0+%(
B-0@@D#-"(V>0J)@&)&)C#2(344M.( :'0+=)(#+()DW2(3445.(>),)(#+()DW2(344_.( /)&Y0&0(d(

C;..D>1E$F$,DG;15$H;I.IJ/$IK$951LD?I5/$MD?15$H-J$
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f)aa)""#-=2( 34!MX( )&'( 1-#F#-( +,#C( *&'#-( '0FF#-#&+( 1-#=( )T*&')&$#( D#J#D"( )&'(
)J)0D)T0D0+=(V>),)(#+( )DW2(34!4(d(34!NXW(A,#=(1%""#""(C)&=( '#"0-)TD#()++-0T*+#"(
)"(@%%'(T0%D%@0$)D($%&+-%D()@#&+"("*$,()"(,0@,(-#1-%'*$+0J#(1%+#&+0)D2($%C1#+0+0J#(
)T0D0+=2("#)-$,0&@(#FF0$0#&$=2(-)10'($%D%&0e)+0%&2(,%"+("1#$0F0$0+=2()')1+)T0D0+=2()&'(
"=&$,-%&0e)+0%&( B0+,( )J)0D)TD#( ,%"+"( V70DD#-2( !M[3( )"( $0+#'( T=( >0J)@&)&)C#2(
3444XW(G&(+,#(6,0D0110&#"2(,5%32$*+02$%B)"(F%*&'(+%(T#()(J%-)$0%*"(1-#')+%-(%F(!5%
&"'()*+% 0&( +,#( D)T%-)+%-=( )&'( $%*D'( T#( )( 1-%C0"0&@( 1-#')+%-( B,#&( -#D#)"#'( 0&(
+0-#"(0&F#"+#'(B0+,(!5%&"'()*+%V`)J0#-(d(7)$%=2(34!!XW(S%B#J#-2(+,#-#(0"(D0C0+#'(
0&F%-C)+0%&(%&(+,#(T0%D%@0$)D($,)-)$+#-0"+0$"(%F(,5%32$*+02$%%&(!5%&"'()*+ W(A,*"2(
+,%-%*@,( *&'#-"+)&'0&@( %F( +,#0-( T0%D%@=( )&'( 1-#')+%-91-#=( 0&+#-)$+0%&"( 0"(
#""#&+0)D(0&(a&%B0&@(0+"(1%+#&+0)D()"(T0%D%@0$)D($%&+-%D()@#&+()@)0&"+(+,#%'#&@*#(
C%"U*0+%W( A,0"( B0DD( )D"%( ,%1#F*DD=( $%&+-0T*+#( +%( D%$)D( C%J#"( +,)+( B0DD( $%*&+#-(
F*-+,#-(0&+-%'*$+0%&(%-(-#D#)"#(%F(&%&9&)+0J#2(0&J)"0J#()D0#&("1#$0#"2(1#-$#0J#'(+%(
�E�H�� �¶�H�I�I�L�F�L�H�Q�W�·�� �S�U�H�G�D�W�R�U�V�� �R�I�� �G�H�Q�J�X�H�� �P�R�V�T�X�L�W�R�H�V�� �O�L�N�H�� �W�K�H�� �P�D�U�L�Q�H�� �W�R�D�G��A1+/"--&%
;&3+/&%VQWX()&'( J)-0%*"( "1#$0#"(%F(#b%+0$(C%"U*0+%(F0",#"(V#W@W(B&;:2$+&%&@@+/+$(
V>WPW(<)0-'(d(Z0-)-'X()&'( 7."0+-+&("11WXW((

 
 

MATERIALS AND METHODS 
 
 

Place of Study 
A,#("+*'=(B)"($%&'*$+#'( )+(+,#(>+%-#'(6-%'*$+(G&"#$+(Q)T%-)+%-=2(B0+,0&(

+,#( F%-C#-( 8-%1( 6-%+#$+0%&( 8D*"+#-2( ?&0J#-"0+=( %F( +,#( 6,0D0110&#"( Q%"( <)R%"(
C)0&D=(F-%C(`*&#(34!3(+%(:1-0D(34!NW(?1')+#"(B#-#("*T"#U*#&+D=($%&'*$+#'W (

(
Collection of Water Bugs 

,5%32$*+02$(B)+#-(T*@" %B#-#($%DD#$+#'(F-%C()(-0$#(F0#D'(B,#-#(1D#&+=(%F(B)+#-(
D#++*$#(V7+$*+&%$*3&*+.*"$%QWX(@-%BW(K0FF#-#&+("+)@#"(%F(,5%32$*+02$(B#-#(1D)$#'(0&"0'#(
-#$+)&@*D)-(1D)"+0$(-#)-0&@(+-)="(VNN(b(3N(b(!4($CX(B0+,(B)+#-(D#++*$#(0&$D*'0&@(
B)+#-(+)a#&(F-%C(+,#(-0$#(F0#D'()&'(T-%*@,+(+%(+,#(D)T%-)+%-=W(7)D#"(B0+,(#@@"(%&(
+,#0-( T)$a"( B#-#( 0&'0J0'*)DD=( 1D)$#'( 0&( -#$+)&@*D)-( -#)-0&@( +-)="W%:'*D+( C)D#"(
B0+,%*+(#@@"()&'(F#C)D#"(B#-#($%CT0&#'(0&(-#$+)&@*D)-(-#)-0&@(+-)="("#1)-)+#D=(
F-%C(+,#(&=C1,"W(K#9$,D%-0&)+#'(+)1(B)+#-(B)"( *"#'( )&'(+,#(B)+#-(T*@"(B#-#(
1-%J0'#'(B0+,("*FF0$0#&+(+,0-'()&'(F%*-+,(0&"+)-(D)-J)#(%F(!5%&"'()*+ W(

(
Mass Rearing of /4,203'#."  

!5%&"'()*+%C%"U*0+%#"(B#-#( -#)-#'(F%DD%B0&@(+,#(C#+,%'(%F(Z)-$0)(V344MX2(
"+)-+0&@(B0+,()&(0&0+0)D(1%1*D)+0%&(,)+$,0&@(F-%C(#@@"(-#U*#"+#'(F-%C(+,#(>+%-#'(
6-%'*$+(G&"#$+(Q)T%-)+%-=W(A,#("*T"#U*#&+(-#)-0&@(%F(B-0@@D#-"(B)"(C)0&+)0&#'(
)"()(-#)'=("+%$a(%F("*FF0$0#&+(+,0-'()&'(F%*-+,(0&"+)-(D)-J)#W(A,#(C%"U*0+%(D)-J)#(
"#-J#'()"(F%%'(F%-(+,#(B)+#-(T*@"(+,-%*@,%*+(+,#("+*'=(1#-0%'W( (

(
Life History Determination(

A,#(B)+#-(T*@"(B#-#(C)""(-#)-#'(0&(+,#(D)T%-)+%-=(F%-(+,#(T0%D%@0$)D("+*'=(
VP0@*-#(!XW(A#&(C)D#"(B0+,(#@@"(%&(+,#0-(T)$a"(B#-#(*"#'()"("+)-+0&@(1%1*D)+0%&W(
A,#=(B#-#(1D)$#'("#1)-)+#D=(0&(!4('0FF#-#&+(1D)"+0$(-#)-0&@(+-)="(V!34(CC('0)CW2(
N_(CC(,0@,X(B0+,(+)1(B)+#-()+()CT0#&+(-%%C(+#C1#-)+*-#W(Q)-J)#(%F(!5%&"'()*+ (

!""#$%%&'()*+) $ ,-./ (01213415$6%78$9:;.;<<$=>?$))$@6AB$77)(76'$
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B#-#(*"#'()"(1-#=(F%-(C)D#(B)+#-(T*@"W(G&0+0)DD=2(F0J#(&=C1,"(+,)+(,)+$,#'()+(+,#(
")C#(+0C#(F-%C(#)$,(#@@($D*"+#-(B#-#($%CT0&#'()&'(-#)-#'(0&()(1D)"+0$($*1(V!34(
CC( '0)CW()&'(N_(CC( ,0@,XW( ]T"#-J)+0%&"(B#-#(T)"#'(%&( !4(#@@($D*"+#-"(%-( )(
+%+)D( %F( \4( &=C1,"W( A,#( &#BD=( ,)+$,#'( &=C1,"( )-#( +,#( F0-"+( 0&"+)-( T*@"W( A,#(
F0-"+()&'("#$%&'(&=C1,)D(0&"+)-"(B#-#(F#'(B0+,(34 9N4("C)DD#-(B-0@@D#-"(B,#-#)"(
D)+#-( "+)@#"( B#-#( @0J#&( \49!44( +,0-'( 0&"+)-( B-0@@D#-"W( A,#( &*CT#-( %F( B-0@@D#-"(
1-%J0'#'( +%( #)$,( &=C1,)D( 0&"+)-( B)"( &#% -+:+*2;W( A,#( &=C1,"( B#-#( %T"#-J#'(
')0D=( F%-( C%D+0&@W( :F+#-( +,#( F0-"+( C%D+( V"#$%&'( 0&"+)-X2( #)$,( &=C1,( B)"( 1D)$#'(
0&'0J0'*)DD=(0&()("#1)-)+#(-#)-0&@($*1(B0+,()@#'(+)1(B)+#-()&'(B-0@@D#-"W(O)+#-(
0&( +,#( $*1( B)"( -#1D)$#'( B,#&( &##'#'( )&'( +,#( &*CT#-( )&'( '*-)+0%&( %F( #)$,(
0&"+)-(B#-#(-#$%-'#'(*&+0D(+,#(1-#')+%-(-#)$,#'(+,#()'*D+("+)@#W(A,#(&*CT#-(%F(
1-#=( B-0@@D#-"( #)+#&( T=( #)$,( 0&"+)-( %F( B)+#-( T*@( 0&( 35( ,( B)"( #"+0C)+#'( T=(
"*T+-)$+0&@( +,#( &*CT#-( %F( )D0J#( B-0@@D#-"( F-%C( +,#( +%+)D(&*CT#-(%F(0&'0J0'*)D"(
%FF#-#'W(

A,#("0e#"(%F(+,#( '0FF#-#&+("+)@#"(%F(,5%32$*+02$(B#-#( '#+#-C0&#'(T=(1D)$0&@(
#)$,(%F(+,#C(%&#(T=(%&#(0&()("C)DD(6#+-0('0",(B0+,()(-*D#-("#$*-#D=(1D)$#'()+(+,#(
T%++%CW(P0J#(-#1-#"#&+)+0J#(&=C1,"(+,)+(,)+$,(F-%C(%&#(#@@($D*"+#-(B#-#(1D)$#'(
0&()(1D)"+0$($%&+)0&#-(V!34(CC('0)CW2(N_(CC(,0@,XW((7#)"*-#C#&+"(B#-#(T)"#'(
%&( !4(#@@($D*"+#-"(%-( )(+%+)D(%F( \4(B)+#-(T*@"W(A,#( )11#)-)&$#(%F(+,#( '0FF#-#&+(
&=C1,)D(0&"+)-"(B)"('#"$-0T#'()&'(+,#0-(T#,)J0%-(B)"(%T"#-J#'W (

(
Sex Ratio Determination 

?1%&(-#)$,0&@(+,#()'*D+("+)@#2(+,#("#b(%F(+,#(1-#')+%-(B)"('#+#-C0&#'()&'(
+,#(-)+0%(T#+B##&(C)D#()&'(F#C)D#(B)"(#"+)TD0",#'W(]T"#-J)+0%&"(B#-#(T)"#'(%&(
+,#( \4( &=C1,"( 1-#J0%*"D=( %T"#-J#'( F%-( D0F#( ,0"+%-=( "+*'=W( Q0a#B0"#2( +,#(
)11#)-)&$#(%F()&'('0FF#-#&$#"(T#+B##&(+,#(C)D#()&'(F#C)D#(B#-#('#"$-0T#'W( (

(
(

Figure 1.(>#+9*1(F%-(D)T%-)+%-=("+*'=(%F(+,#(D0F#(,0"+%-=(%F(,+)-./(012$%32$*+02$5�� 
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Fecundity and Percent Hatchability 
A,#( "#b( %F( +,#( )'*D+"( +,)+( #C#-@#'( F-%C( +,#( D)"+( 0&"+)-( &=C1,"( B)"(

-#$%-'#'W(AB#&+=(1)0-"(%F()'*D+(B)+#-(T*@"(+,)+(B#-#(-#)-#'(F-%C(+,#(0&0+0)D(\4(
&=C1,"( B#-#( 1D)$#'( 0&( )( 1D)"+0$( $%&+)0&#-( B0+,( B)+#-2( "C)DD( +B0@"( )&'( B)+#-(
D#++*$#2()&'(B#-#(F#'(B0+,(+,0-'(+%(F%*-+,(0&"+)-(!5%&"'()*+%D)-J)#W(A,#(&*CT#-(%F(
')="(F-%C(+,#(+0C#(+,#()'*D+"(B#-#(1)0-#'(+%(+,#(+0C#(B,#&(+,#(F#C)D#(D)0'( ,#-(
F0-"+(#@@($D*"+#-(B)"(-#$%-'#'()"(+,#(1-#9%J01%"0+0%&(1#-0%'W(]&$#(+,#(F#C)D#(D)0'(
,#-(#@@"(%&(+,#(T)$a(%F(+,#(C)D#"2(+,#(F#C)D#()'*D+(B)"(+#C1%-)-0D=("#1)-)+#'(
F-%C( +,#( C)D#( )&'( -#)-#'( 0&( "#1)-)+#( 1D)"+0$( $*1( *"0&@( +,0-'( 0&"+)-( B-0@@D#-"W(
7#)&B,0D#2( +,#( "#1)-)+#'( C)D#( B0+,( #@@"( %&( 0+"( T)$a( B)"( F#'( B0+,( C%"U*0+%(
B-0@@D#-"( *&+0D( +,#( #@@"( ,)+$,#'( 0&+%( &=C1,"W( A,#( 0&$*T)+0%&( 1#-0%'( B)"(
-#$%-'#'W(;@@(,)+$,)T0D0+=(B)"($)D$*D)+#'(*"0&@(+,#(F%-C*D)E(

(

(
(
;)$,(T-%%'#'(C)D#(B)"(-#+*-&#'(+%(0+"(C)+0&@(1)0-()"("%%&()"(#@@(,)+$,0&@(

B)"($%C1D#+#'W(A,#( '*-)+0%&(%F( "#$%&'(D)=0&@(F-%C( -#90&+-%'*$+0%&(%F(+,#(C)D#(
B)"( -#$%-'#'W( :D+#-&)+#(C)+0&@()&'( "#1)-)+0%&(B)"( '%&#(*&+0D(F#C)D#"( "+%11#'(
D)=0&@(#@@"W(A,#(+%+)D(&*CT#-(%F(#@@"(D)0'(T=()(F#C)D#()&'(+,#(0&+#-J)D(T#+B##&(
#@@( D)=0&@( B)"( -#$%-'#'W( :+( +,#( ")C#( +0C#2( +,#( &=C1,"( B#-#( C)0&+)0&#'( 0&(
"#1)-)+#($%&+)0&#-"W(
Adult longevity 

:'*D+(D%&@#J0+=(B)"(T)"#'(%&(54("*-J0J0&@(0&'0J0'*)D"(V34(1)0-"X(B,0$,(B#-#(
1)0-#'( %*+( %F( +,#( \4( -)&'%CD=( "#D#$+#'( B)+#-( T*@"W( 7)D#"( )&'( F#C)D#"( B#-#(
)DD%B#'(+%(C)+#()&'(-#1-%'*$#(*&+0D('#)+,W((
(
(

RESULTS AND DISCUSSION 
 
 
Life History of !4,-*+."(*+ ,

Q0a#( )DD( ,#C01+#-)&"2(,5% 32$*+02$2( *&'#-B#&+( 1)*-%C#+)T%D%*"( +=1#( %F(
'#J#D%1C#&+2(1)""0&@(+,-%*@,(+,#(#@@2(&=C1,2()&'()'*D+("+)@#"W(A,#('*-)+0%&"(
%F( +,#"#( '0FF#-#&+( '#J#D%1C#&+)D( "+)@#"2( B0+,( '0#+( $%&"0"+0&@( %&D=( %F( D0J#(!5%
&"'()*+% D)-J)#2(0"(1-#"#&+#'(0&(A)TD#(!W(A,#(0&$*T)+0%&(1#-0%'(-)&@#'(F-%C([9!!(
VC#)&E( MW3[( i( 4W4LX( ')="W( /#=#"( #+( )DW( V!M_4X( 0&'0$)+#'( +,)+( 0&$*T)+0%&( 1#-0%'(
B)"( "D0@,+D=(",%-+#-(B,#&(F#'(B0+,( "&)0D(A&#+=%32:+'+/.$&(V70$,#D0&X(VhC(;/&"&%
&23+02-&3+&(32:+'+/.$& XW(]&(+,#(%+,#-(,)&'2(>0J)@&)&)C#(V3444X(%T"#-J#'("D0@,+D=(
",%-+#-( 0&$*T)+0%&( 1#-0%'( V[WM( ')="X( B,#&(,5% 32$*+02$%B)"( F#'( B0+,( D0C0+#'(
&*CT#-(%F(!5%&"'()*+%B-0@@D#-"(+,)&(B,#&(F#'(&#%-+:+*2;(VMW5(')="XW(

,5% 32$*+02$( *&'#-B#&+( F0J#( &=C1,)D( 0&"+)-"W( H#BD=( ,)+$,#'( F0-"+( 0&"+)-(
&=C1,"()-#(+-)&"1)-#&+(T*+()F+#-()(F#B(C0&*+#"2(+,#0-(T%'0#"(+*-&(D0@,+(@-##&(+%(
T-%B&W(A,#("#$%&'(&=C1,)D(0&"+)-(,)'(+,#(",%-+#"+('#J#D%1C#&+)D(1#-0%'2(N 9!4(
VC#)&E( 5W33( i( 4W!\X( ')="2( F%DD%B#'( T=( +,#( F0-"+( 0&"+)-2( 59[( VC#)&E( 5WL3( i( 4W!LX(
')="W( A,0-'( 0&"+)-(B)"( N 9!4( VC#)&E( \W35( i( 4W35X( ')="W( ]&(+,#(%+,#-( ,)&'2( +,#(
F%*-+,(&=C1,)D(0&"+)-(D)"+#'(L 9!M(VC#)&E([W4L(i(5W!4X(')="W(G&($%&+-)"+2(+,#(F0F+,(
0&"+)-(,)'(+,#(D%&@#"+('*-)+0%&(%F(M93M(VC#)&E(!\W[L(i(4WL!X(')="W(

!""#$%%&'()*+) $ ,-./ (01213415$6%78$9:;.;<<$=>?$))$@6AB$77)(76'$
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Total Nymphal Development. A,#( +%+)D( &=C1,)D( '#J#D%1C#&+( -)&@#'(
F-%C(3[9\5(VC#)&E(N[W!5(i(4W[\X(')="W(Q%&@#-(&=C1,)D(1#-0%'(V5!9LN(')="X(B)"(
%T+)0&#'(B,#&( ,5%32$*+02$%B)"(F#'(B0+,(C%"U*0+%(D)-J)#()&'(1*1)#()&'(",%-+#-(
V3595[( ')="X(B,#&(=%*&@( A5%32:+'+/.$&%"&)0D"( B#-#( )''#'( +%(+,#( '0#+( V/#=#"(#+(
)DW2(!M_4XW(A,#-#F%-#2(+,#(0&$%-1%-)+0%&(%F("&)0D"(0&(+,#0-('0#+($%*D'(T#($%&"0'#-#'(
0&(+,#('#J#D%1C#&+(%F()(C)""(-#)-0&@(+#$,&0U*#(F%-(,5%32$*+02$%0&(+,#(D)T%-)+%-=W(

Pre-oviposition period. A,#( 1-# 9%J01%"0+0%&( 1#-0%'( V%-( +,#( +0C#( F-%C(
#C#-@#&$#(%F(+,#()'*D+(F#C)D#(+%(B,#&(0+(D)0'(0+"(F0-"+(#@@(%-(T)+$,(%F(#@@"X(-)&@#'(
F-%C(L9N!(VC#)&E(3!W\N(i(NW54X(')="W 

Fecundity. :F+#-()DC%"+(!4(C%&+,"(%F($)1+0J#(T-##'0&@2("%C#(F#C)D#"(B#-#(
"+0DD()D0J#()&'(B0+,0&(3[\( ')="()F+#-(#C#-@#&$#2(+,#=(D)0'(L9!5(#@@(T)+$,#"(B0+,(
)&()J#-)@#(%F(\\WM\(i(3WNL(#@@"(1#-(#@@(T)+$,W(/#=#"(#+()DW(V!M_4X(0&'0$)+#'(+,)+(
,5%32$*+02$%D)0'(L49!44(#@@"(*&'#-(&)+*-)D($%&'0+0%&"(T*+(%&D=(\49!44(B,#&(F#'(
B0+,(+,#( "&)0D(A5% 32:+'+/.$&W( A,#( -#D)+0J#D=( ,0@,(F#$*&'0+=(%F(,5% 32$*+02$%C)a#"(
+,0"( 1-#')+%-( )( 1-%C0"0&@( T0%D%@0$)D( $%&+-%D( )@#&+( F%-( F0#D'( -#D#)"#"( )@)0&"+(!5%
&"'()*+ W( H#BD=( D)0'( #@@"( )-#( %J)D( )&'( D0@,+( @-##&2( T*+( T-%B&0",( )10$)DD=W(
S)+$,)T0D0+=( B)"( 3_WML9M_W54^( VC#)&E( _4W_[^X( VA)TD#( 3XW( A,#( D%B( ,)+$,)T0D0+=(
V3_WML^X(B)"( '*#(+%(+,#(-#C%J)D(%F(#@@"(T=(+,#(C)D#2(B,0$,(#J#&+*)DD=( '0'(&%+(
,)+$,W( S%B#J#-2( /#=#"( #+( )DW( V!M_4X2( F%*&'( +,)+( #@@( ,)+$,)T0D0+=( 0&(,5% 32$*+02$%
$)&(-)&@#(F-%C(_LW39!44^(B,#&(F#'(B0+,(+,#("&)0D2( A5%32:+'+/.$&W(

Sex Ratio. A,#( "#b( -)+0%( %F(,5% 32$*+02$( )'*D+"( #C#-@0&@( F-%C( &=C1,"(
%T"#-J#'(F%-( '#J#D%1C#&+(0"( !WM5(C)D#"(F%-(#J#-=(F#C)D#W(A,0"(0"("0C0D)-(+%(+,)+(
%T+)0&#'( T=( >0J)@&)&)C#( V3444XW( A,#-#( )-#( C%-#( C)D#"( +,)&( F#C)D#"( B,0$,(
"##C"( )( @%%'( 1-%1%-+0%&( T#$)*"#( +,#( C)D#"( )-#( +,#( %&#"( +,)+( T-%%'( +,#( #@@"(
*&+0D( ,)+$,0&@W( G&(+,0"( "+*'=2( +,#-#( B)"( )&( 0&"+)&$#( B,#&( )(@-)J0'( F#C)D#( D)0'(
#@@"(0&(+,#(B)+#-("0&$#(0+"(C)D#($%*&+#-1)-+(0"("+0DD(T-%%'0&@(+,#(#@@"(1-#J0%*"D=(
D)0'(T=(+,#(F#C)D#W(<-%%'0&@(%F(#@@"(T=(+,#(C)D#(#&"*-#"(#@@("*-J0J)DW(A,#-#F%-#2(
C%-#( C)D#"( B%*D'( C#)&( C%-#( 0&'0J0'*)D"( +,)+( B0DD( T-%%'( #@@"2( )&'( ,0@,#-(
"*-J0J)DW( >#b( -)+0%( '#+#-C0&)+0%&( 0"( 0C1%-+)&+( 0&( +,#( '#J#D%1C#&+( %F( C)""(
-#)-0&@(+#$,&0U*#"()&'(0&(D0F#(,0"+%-=("+*'0#"W((

Adult longevity.(Q%&@#J0+=(%F(F#C)D#"(-)&@#'(F-%C(!!493[N(VC#)&E(!MMW!(i(
!3W[4X( ')="( B,0D#( +,)+( %F( C)D#"( -)&@#'( F-%C( !!\ 93[3( VC#)&E( 3!4WL\( i( !5WL\X(

Table 1. Q0F#( ,0"+%-=( %F(,+)-./(012$% 32$*+02$%%&(!"#"$% &"'()*+% B-0@@D#-"( *&'#-(
D)T%-)+%-=($%&'0+0%&"W(
Life stages n Range Mean ± SD* 

6-#9%J01%"0+0%&(1#-0%'( !4 ( L9N! ( 3\W5(i(3W3_(
;@@(0&$*T)+0%&(1#-0%'(V')="X( !_ ( [ 9!! ( MW3[(i(4W4L(
P#$*&'0+=(V#@@"X( (( !M9[[ ( \\WM\(i(3WNL(
6#-$#&+(,)+$,)T0D0+=( !_ ( 3[ 9M_( _4W_[(^ (
H=C1,)D('*-)+0%&(V')="X ( (( (( ((

P0-"+(0&"+)-( \4 ( 59[ ( 5WL3(i(4W!L(
>#$%&'(0&"+)- ( \4 ( N9!4 ( 5W33(i(4W!\(
A,0-'(0&"+)- ( \4 ( N9!4 ( \W35(i(4W35(
P%*-+,(0&"+)- ( \4 ( L9!M( [W4L(i(4W\[ (
P0F+,(0&"+)-( \4 ( M93M( !\W[L(i(4WL! (

A%+)D(&=C1,)D(1#-0%'( \4 ( 3[ 9\5 ( N[W!5(i(4W[\ (
:'*D+(D%&@#J0+=( (( (( ((

7)D# ( 34 ( !!\ 93[3 ( 3!4WL\(i(!5WL\ (
P#C)D#( 34 ( !!4 93[N ( !MMW!(i(!3W[4 (

j>+)&')-'(#--%- ((
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')="W( A,#( J#-=( D%&@( D0F#( "1)&( %F( )'*D+(,5% 32$*+02$%0"( )( J#-=( '#"0-)TD#( )++-0T*+#(
"0&$#( 0+( B0DD( $%&+-0T*+#(F*-+,#-( +%( +,#( -#'*$+0%&(%F(!5% &"'()*+%1%1*D)+0%&(0&(+,#(
F0#D'(F%-()T%*+(3[4(')="W(

 
Description of the Life Stages 

Eggs. A,#( #@@"( %F(,5% 32$*+02$%)-#(
)DB)="( D)0'( %&( +,#( T)$a( %F( +,#( C)D#(
VP0@*-#(3XW(H#BD=9D)0'(#@@"()-#(-%*&'(+%(
%J)D( )&'( D0@,+( @-##&( B0+,( T-%B&0",(
)10$)D(1%-+0%&W(A,#(F#C)D#(%J01%"0+"(,#-(
�H�J�J�V���R�Q���L�W�V���P�D�O�H���S�D�U�W�Q�H�U�·�V���E�D�F�N���I�U�R�P������
935(,2(*"*)DD=(0&($D*"+#-"(%-(0&(T)+$,#"W(

:DD( &=C1,"( )&'( )'*D+"( )-#( +,#(
+=10$)D(T#D%"+%C)+0'"2(0W#W2()U*)+0$(T*@"(
B0+,( '%-"%J#&+-)DD=( FD)++#&#'( T%'0#"(
+,)+( )-#( T-%)'D=( %J)D( )&'( +)1#-0&@(
$)*')DD=W( P%-( +,0"( "1#$0#"2( +,#( @#&#-)D(
T%'=( $%D%-( 0"( F-%C( T#0@#( +%( T-%B&(
#b$#1+( 0&( +,#( &#%&)+#( &=C1,"W( A,#=(
,)J#( -)1+%-0)D( F%-#D#@"2( )&'( &)+)+%-0)D(
C0' 9( )&'( ,0&'D#@"W( A,#( +)-"0( )-#( %&#9
"#@C#&+#'( +)-"02( B0+,( +B%( 1)0-"( %F(
$D)B"W(G&()''0+0%&2(+,#(-%"+-*C(0"(",%-+2(
-#)$,0&@( %&D=( ,)DF( %F( +,#( F%-#$%b)( )&'(

Table 2. /#1-%'*$+0J#( 1%+#&+0)D( )&'( 1#-$#&+( #@@( ,)+$,)T0D0+=( %F(,+)-./(012$%
32$*+02$5(

Pair 
no. 

No. of egg 
batches 

Mean number of 
eggs per batch (a) 

Mean number of 
eggs that hatched (b) 

% 
Hatchability 

(b/a)*100 
! ( !N ( L!W[N( N3( \!W_\ (
3( !4 ( L!W! ( N!W\( \!W\\ (
N( !3 ( \MW4( \5W4( M!W\3(
5( !3 ( \MW!_( 5NW5( _NWN\(
\ ( !3 ( N5WL_( !3W4( N5WL3(
L( !5 ( L[WL5( L4WM3( [[W_\ (
_( L( L4WL_( N[WL( LNWLN(
[ ( !4 ( L!W5( N_W[M( L!W_! (
M( !5 ( \!W\_ ( 5\W4( [_W3L(

!4 ( M( N[W55( !4W_\ ( 3_WML(
!! ( !4 ( \!W3( 3LW[M( \3W\3 (
!3 ( M( _\W55( L4W_\( [4W\3 (
!N ( !N ( \!W5L ( N_W4[( _3W4L(
!5 ( !N ( \5W!\ ( 54W[N( _\W54(
!\ ( !4 ( \!WL( \4W55( M_W_L(
!L ( !5 ( \LW!5 ( 5\W3_( [4WL5(
!_ ( !! ( \5WL5( 5\W[M( [NWMM(

7;:H ( !!W3M( \\WM\ ( NMWL4( 70.78(

Figure 2. 7)D#( ,+)-./(012$% 32$*+02$%
$)--=0&@( +,#( #@@"( D)0'( T=(
+,#(F#C)D#(%&(0+"(T)$aW�� 
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+,#(#=#"()-#($%&"10$*%*"2(T*+(+,#()&+#&&)#()-#(&%+2(0W#W2(+,#=()-#(0&$%&"10$*%*"(
)&'("%C#B,)+($%&$#)D#'(T#&#)+,(+,#(#=#"W (

First nymphal instar. H#BD=( ,)+$,#'( &=C1,"( VP0@*-#( NX( )-#( "D0@,+D=(
+-)&"1)-#&+W(S%B#J#-2()F+#-()(F#B("#$%&'"2(+,#(,#)'(+*-&"(D0@,+(T-%B&(B,0D#(+,#(
C0''D#(1%-+0%&(%F(+,#()T'%C#&(T#$%C#"(D0@,+(@-##&W(:F+#-(35(,2(+,#(B,%D#(T%'=(
+*-&"(T#0@#(+%(D0@,+(T-%B&W(A,#(T%'=(C#)"*-#"(NW495W4(CC(VC#)&E(NW4L(i(4W43X(
D%&@()&'(!W\93W4(CC(VC#)&E(!WM_(i(4W43X(B0'#W((

Second nymphal instar. A,#( "#$%&'( 0&"+)-( &=C1,( VP0@*-#( 5X( 0"( )DC%"+(
"0C0D)-(+%(+,#(F0-"+(0&"+)-2(T*+(T0@@#-2(0W#W2(NW49\W4(VC#)&E(5WM!( i(4W4\X(CC(D%&@(
)&'( 3W4 9NW4( VC#)&E( 3W_M( i( 4W4\X( CC( B0'#W( A,#( #=#"( )-#( "%C#B,)+( -#''0",(
J#&+-)DD=(T*+(TD)$a( '%-")DD=W(8%b)#(%F()DD(D#@"(,)J#(F#B("#+)#(%-( ,)0-"W(A0T0)#(%F(
C0''D#()&'(,0&'(D#@"()-#(FD)+()&'(F-0&@#'(B0+,(,)0-"W( (

Figure 3.,P0-"+(0&"+)-(&=C1,(%F(,+)-./(012$%32$*+02$ W(a.('%-")D2()&'( b.(J#&+-)D(J0#B"W(

Figure 4. >#$%&'(0&"+)-(&=C1,(%F(,+)-./(012$%32$*+02$ W()W('%-")D2()&'(TW(J#&+-)D(J0#B"W�� 
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Third nymphal instar. A,#( +,0-'( &=C1,)D( 0&"+)-( VP0@*-#( \X( -)&@#"( F-%C(
LW49_W4(VC#)&E(LW_M(i(4W4\X(CC(D%&@()&'(NW49\W4(VC#)&E(NWML(i(4W4\X(CC(B0'#W(
6-%&*+*C( )11#)-"( "%C#B,)+( F*"#'( B0+,( +,#( ,#)'( )&'( +,#( C#"% 9( B0+,( +,#(
C#+)+,%-)bW(>#+)#(%&(+,#($%b)#()&'(+0T0)#()-#('0"+0&$+W((

Fourth nymphal instar. A,#( F%*-+,( &=C1,)D( 0&"+)-( VP0@*-#( LX2( 0"( U*0+#(
"0C0D)-( +%( +,#( +,0-'( T*+( 0"( D)-@#-2( T#0&@( [W\9!4W4( VC#)&E( MW53( i( 4W4_X( CC( D%&@(
)&'(\W\ 9LW4(VC#)&E(\WN_(i(4W4\X(CC(B0'#W(

Fifth nymphal instar. A,#(F0F+,(0&"+)-(VP0@*-#(_X(0"2()@)0&2("0C0D)-(B0+,(+,#(
1-#$#'0&@(0&"+)-"(0&()11#)-)&$#2(",)1#2()&'($%D%-2(%&D=(D)-@#-W(A,#(T%'=(D#&@+,(
-)&@#"(F-%C(!3W49!NW4(VC#)&E(!3W5\( i(4W4LX(CC()&'(+,#(B0'+,2(_W49[W4(VC#)&E(

Figure 5.(A,0-'(0&"+)-(&=C1,(%F( ,+)-./(012$%32$*+02$ W(a.('%-")D2()&'( b.(J#&+-)D(J0#B"W(

Figure 6. P%*-+,(0&"+)-(&=C1,(%F( ,+)-./(012$%32$*+02$ W()W('%-")D2()&'(TW(J#&+-)D(J0#B"W�� 
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_W\N( i( 4W4LX( CCW( A,#( 1-%&*+*C( )&'( +,#( ,#)'( )"( B#DD( )"( +,#( C#"% 9( )&'(
C#+)+,%-)$#"( )11#)-( C%-#( F*"#'W( A0T0)D( "#+)#( )-#( C%-#( '0"+0&$+W( 6-0%-( +%(
+-)&"F%-C)+0%&( 0&+%( )'*D+2( +,#( =#DD%B( +%( %-)&@#( B0&@( 1)'"( %F( +,#( F0F+,( 0&"+)-(
T#$%C#(C%-#(&%+0$#)TD#W(A,0"(0&'0$)+#"(+,)+(0&()T%*+(35(,(+,#(#b*J0)#(%F(+,#(F0F+,(
0&"+)-(&=C1,(B0DD(T#(",#'(%FF()&'("*T"#U*#&+D=(+,#()'*D+(B0DD(#C#-@#W(

:"(C#&+0%&#'()T%J#2(+,#('0FF#-#&+(&=C1,)D(0&"+)-"(%F(,5%32$*+02$(VP0@*-#([X(
",%B( "0C0D)-0+0#"( 0&( )11#)-)&$#2( ",)1#2( )&'( $%D%-2( #b$#1+( F%-( +,#( "0e#W( :"( +,#(
&=C1,(C)+*-#"2(+,#(T%'=(0&$-#)"#"(F-%C(5W4 9!NW4(CC(0&(D#&@+,()&'(F-%C(3W49
[W4(CC(0&(B0'+,W((
 Adult. A,#(T%'=(%F( )'*D+( ,5%32$*+02$%0"(C%-#(%TJ0%*"D=(%J)D(+,)&(+,%"#(%F(
+,#(&=C1,"(VP0@*-#(MX2()&'(T#0&@('%-"%9J#&+-)DD=(FD)++#&#'2(+,#(1-#')+%-(C)=(T#(
C0"+)a#&( F%-( )( $%$a-%)$,( +%( )&( *&+-)0&#'( #=#W( G+( 0"( !\W49!_W4( VC#)&E( !\WML( i(
4W4[X(CC(D%&@()&'( [W\9!4W4(VC#)&E(MW4N( i(4W45X(CC(B0'#(VA)TD#(NXW(A,#( ,#)'(
,)"( )( +-0)&@*D)-( )&+#%$*D*"( T*+( D)$a"( %$#DD0W(A,#( 1-%&%+*C( 0"( '0J0'#'( 0&+%( +B%(
D%T#"W((A,#(C#CT-)&#(%F(+,#(,#C#D=+-)(,)J#(-#+0$*D)+#(J#0&"((V>+)''%&2(!M_!(d(

Figure 7. P0F+,(0&"+)-(&=C1,(%F(,+)-./(012$%32$*+02$ W()W('%-")D2()&'(TW(J#&+-)D(J0#B"W�� 

Figure 8. K0FF#-#&+(&=C1,)D(0&"+)-"(%F(,+)-./(012$%32$*+02$5�� 
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Table 3. 7#)"*-#C#&+(%F(+,#('0FF#-#&+(D0F#("+)@#"(%F(,+)-./(012$%32$*+02$ W 

Stages!
Range of 
length 
(mm)!

Mean ± SD* 

(mm)!

Range of 
width  
(mm)!

Mean ± SD* 

(mm)!

H=C1,)D(0&"+)-"(V&h\4XE ( ( ( ( 
P0-"+ NW495W4 NW4L(i(4W4N !W\93W4 !WM_(i(4W43 
>#$%&'  NW49\W4 5WM!(i(4W4\ 3W49NW4 3W_M(i(4W4\ 
A,0-'  LW49_W4 LW_M(i(4W4\ NW49\W4 NWML(i(4W4\ 
P%*-+,  [W\9!4W4 MW53(i(4W4_ \W\9LW4 \WN_(i(4W4\ 
P0F+, !3W49!NW4 !3W5\(i(4W4L  _W49[W4 _W\N(i(4W4L 

:'*D+  !\W49!_W4 !\WML(i(4W4[  [W\9!4W4 MW4N(i(4W45 
7)D#(V&h!\X  !\W49!_W4 !LW4N(i(4W!_ [W\9!4W4 MW!4(i(4W!4 
P#C)D#(V&h!\X !\W49!_W4 !LW44(i(4W!5  MW49MW\ MW4_(i(4W4\ 

Figure 9. K0FF#-#&$#(T#+B##&()'*D+(C)D#()&'(F#C)D#(,+)-./(012$%32$*+02$ W(A*F+"(%F(
,)0-"(V1D#)"#("##()--%B"X()-#(1-#"#&+(%&(+,#($)*')D(#&'(%F(C)D#.()(F#)+*-#(
B,0$,(0"()T"#&+(0&(F#C)D#"W(
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:D'-0$,2( !M[[2( )"( $0+#'( T=( 8)""0"2( 34!4XW( ,5% 32$*+02$%0"( )&( #FF0$0#&+( 1-#')+%-(
T#$)*"#(%F(0+"(-)1+%-0)D(F%-#D#@"2(B0+,(B,0$,(0+($)1+*-#"()&'(,%D'"(1-#=W(Q0a#B0"#2(
+,#(C0''D#()&'(,0&'(D#@"()-#(FD)++#&#'()&'(F-0&@#'(B0+,(,)0-"(B,0$,(#&)TD#(0+(+%(
C%J#(*&'#-B)+#-()"(0+(F%-)@#"(F%-(1-#=(%-($%&+0&*#("B0CC0&@(B,0D#(,%D'0&@()&'(
$%&"*C0&@(0+"(1-#=W(/#$%@&0+0%&(%F(T%+,("#b#"(%F(,5%32$*+02$%0"(U*0+#(0C1%-+)&+(0&(
D0F#(,0"+%-=("+*'0#"()&'(0&(+,#('#J#D%1C#&+(%F(C)""(-#)-0&@(+#$,&0U*#"W(A,#(D)"+(
"#@C#&+(%F(+,#()T'%C#&(%-(+,#($)*')D(#&'(%F(+,#(C)D#(,)"(+*F+"(%F(,)0-"(B,0D#(
+,)+( %F( +,#( F#C)D#( ,)"( &%&#W( A,#-#( 0"( &%+( C*$,( '0FF#-#&$#( 0&( "0e#( T#+B##&( +,#(
C)D#()&'(+,#(F#C)D#W(
(
Behavior studies 

Mating behavior. O,#&(C)D#()&'(F#C)D#(B)+#-(T*@"()-#(1)0-#'(F%-(+,#(F0-"+(
+0C#2(+,#=(+-=(+%()J%0'(#)$,(%+,#-()&'(a##1(C%J0&@()-%*&'(+,#($%&+)0&#-W(:F+#-()(
F#B(C0&*+#"2(+,#=("+)=(+%@#+,#-(0&(%&#(D%$)+0%&()&'( "+)-+(C)+0&@W(<%+,(%F(+,#C(
F-#U*#&+D=( "+)=( %&( +,#( 10#$#( %F( +B0@( 0&+-%'*$#'( 0&"0'#( +,#( $%&+)0&#-W( 7)+0&@(
"+)-+"(B,#&(+,#(F#C)D#(1%"0+0%&"(0+"#DF(%&(+%1(%F(+,#(C)D#W(G&(+,#(F0#D'2(+,#(C)D#(
B)+#-(T*@($-#)+#"( -011D#"(%&(+,#(B)+#-(0&(%-'#-(+%()++-)$+( )(C)+#( )&'(%&$#(+,#(
F#C)D#()--0J#"2(",#(B0DD()++#C1+(+%(D)=(#@@"(%&(+,#(T)$a(%F(+,#(C)D#W(S%B#J#-2(+,#(
C)D#( B0DD( 1-#J#&+( +,#( F#C)D#( F-%C( D)=0&@( #@@"( *&+0D( ,#( ,)"( C)+#'( -#1#)+#'D=W(
7)+0&@(*"*)DD=(D)"+"(F%-(349N4(C0&"W()"(%T"#-J#'(0&(+,#(D)T%-)+%-=W(8*-+0"(V34!!X(
-#1%-+#'(+,)+( )D+#-&)+#(#@@(D)=0&@()&'(C)+0&@(0&(,+)-./(012$% "1#$0#"(C)=(+)a#(
�P�R�U�H�� �W�K�D�Q�� ������ �K�R�X�U�V�� �X�Q�W�L�O�� �W�K�H�� �P�D�O�H�·�V�� �E�D�F�N�� �L�V�� �F�R�Y�H�U�H�G�� �Z�L�W�K�� �H�J�J�V���� �*�U�D�Y�L�G�� �I�H�P�D�O�H�V��
)11#)-#'(+%(,)J#(#&D)-@#'()T'%C#&"(+,)+(+*-&(')-a(@-##&(B,#&(#@@"()-#()T%*+(
+%(T#(D)0'W(

:F+#-(+,#(F#C)D#( ,)'(D)0'( ,#-(#@@"(%&(+,#(T)$a(%F(+,#(C)D#2(+,#(C)D#(B)"(
"#1)-)+#'(F-%C(+,#(F#C)D#(0&(%-'#-(+%(1-#J#&+(F-#U*#&+('0"+*-T)&$#W(<-%%'0&@(%F(
#@@"( #&+)0D"( @-#)+( #FF%-+( %&( +,#( 1)-+( %F( +,#( C)D#W( ;@@( ,)+$,0&@( '#1#&'"( %&( +,#(
)$+0J0+=( %F( +,#( C)D#W( :D+#-&)+#( B#++0&@( )&'( '-=0&@( %F( #@@"( #&"*-#( #@@( ,)+$,0&@W(
A,#( C)D#( "+)="( $D%"#-( +%( +,#( B)+#-( "*-F)$#( B0+,( +,#( #@@"( F%-( )0-( #b1%"*-#W( S#(
-,=+,C0$)DD=(T-*",#"(+,#(#@@"(B0+,(,0"(,0&'D#@"(+%($0-$*D)+#(B)+#-()&'(a##1(+,#(
#@@"( )#-)+#'( )&'( $D#)&( V8*-+0"2( 34!!XW( G&( )''0+0%&2( +,#( C)D#(#&"*-#"( +,)+( #@@"(
)-#( 1-%+#$+#'( )@)0&"+( 1%""0TD#( 1-#')+%-"W( A,#( C)D#( B)"( -#+*-&#'( +%( 0+"( C)+0&@(
1)0-( )"( "%%&( )"( +,#( #@@"( %&( 0+"( T)$a( ,)'( ,)+$,#'W( 7%-#%J#-2( +,#-#( B#-#( "%C#(
$)"#"(B,#&(F#C)D#"(D)0'(+,#0-(#@@"(%&(+,#(10#$#(%F(+B0@(0&"0'#(+,#($%&+)0&#-(#J#&(
0&(+,#(1-#"#&$#(%F(C)D#"()&'("%C#+0C#"(B,#&(C)D#"(B#-#()T"#&+2(#@@"(B#-#(Y*"+(
D)0'( 0&( +,#( B)+#-W( S%B#J#-2( +,%"#( #@@"( '0'( &%+( ,)+$,2( "*@@#"+0&@( +,)+( C)D#(
T-%%'0&@(0"(&#$#"")-=(F%-(#@@("*-J0J)DW(

Hatching. :&(#@@(0"( )T%*+(+%( ,)+$,(B,#&(0+"( ",)1#( -#"#CTD#"( )( $=D0&'#-(
B,0$,( 0"( T-%)'( )&'( -%*&'#'( )+( +,#( F-##( #&'( B,0D#( &)--%B( )&'( 1%0&+#'( )+( +,#(
)++)$,#'(#&'W(6-0%-(+%(,)+$,0&@2(+,#(F-##(#&'("B#DD"('%-")DD=W(:$$%-'0&@(+%(>C0+,(
V!M_5X2( )( 1-#""*-#( F-%C( B0+,0&( #J#&+*)DD=( $)*"#"( )( -*1+*-#( 0&( +,#( $,%-0%&(
)-%*&'(+,#($#1,)D0$($)1()&'(+,#&2(+,#($)1(0"(D0F+#'(T=(+,#(,#)'()"(+,#(&=C1,)D(
+,%-)b(#C#-@#"W(((

Molting. 7%D+0&@( "+)-+"( )+( +,#( )1#b( %F( +,#( ,#)'( B,#-#( #$'="0)D( D0&#( 0"(
&%-C)DD=(F%*&'W(H=C1,"()-#()T%*+(+%(C%D+(B,#&(+,#0-(T%'=(D%%a"(D0a#(0+(0"()T%*+(
+%( T*-"+( %*+W( K*-0&@( C%D+0&@2( +,#( &=C1,"( )11#)-( C%+0%&D#""( %-( 0CC%T0D#W( A,#(
,#)'( )&'( 1-%+,%-)b( $%C#"( F0-"+( B,0$,( @0J#"( +,#( &=C1,( )( ,*&$,T)$a(
)11#)-)&$#W(7%D+0&@(B%*D'(D)"+(F%-()T%*+( !49!\(C0&*+#"()&'(*"*)DD=(+,#=(C%D+(
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#)-D=(0&(+,#(C%-&0&@(%-(+%B)-'(D)+#(#J#&0&@(%-(C0'&0@,+W(H#BD=(C%D+#'(&=C1,"(
)-#(+-)&"1)-#&+(B0+,("%C#(D0@,+(@-##&(1%-+0%&"(T*+2()(F#B(C0&*+#"()F+#-(F##'0&@2(
+,#0-( $%D%-( $,)&@#"( F-%C( FD#",( +%( T-%B&W( :F+#-( C%D+0&@2( #b*J0)#( B#-#( Y*"+( D#F+(
FD%)+0&@k"0&a0&@(0&(+,#(B)+#-W((

Feeding behavior and predatory consumption of !4, -*+."(*+ . G&(
D0+#-)+*-#2(B)+#-(T*@"()-#(a&%B&(+%(F##'(%&(F-%@"2(+)'1%D#"2(F0",(F-=(%-(%+,#-("C)DD(
F0",2( "&)0D"2( '-)@%&FD=( &)0)'"2( $,0-%&%C0'( D)-J)#2( C%"U*0+%( D)-J)#2( )&'( %+,#-(
)U*)+0$( 0&"#$+"W( Q)T%-)+%-=( "+*'0#"( $%&F0-C#'( +,)+(,5% 32$*+02$( 0"( )( J%-)$0%*"(
1-#')+%-( %F(C%"U*0+%( D)-J)#W(G&(+,0"( "+*'=2(,5%32$*+02$%B)"(F#'(B0+,( !5% &"'()*+ .(
F##'0&@()"(B#DD()"(0+"($%&"*C1+0%&(-)+#(B#-#(C%&0+%-#'()&'(-#$%-'#'W((

<%+,(&=C1,"()&'()'*D+"(%F( ,5%32$*+02$()-#(J%-)$0%*"(F##'#-"(%F(B-0@@D#-"(%F(
!5% &"'()*+5( G&( +,#( D)T%-)+%-=2( )"( "%%&( )"( +,#( 1-#=( B)"( 0&+-%'*$#'( 0&( +,#(
$%&+)0&#-2( B)+#-( T*@"( C%J#'( )DD( %J#-( +,#( $%&+)0&#-( B,0$,( "##C"( D0a#( T#0&@(
'0"+*-T#'(T=(+,#(1-#"#&$#(%F(+,#(B-0@@D#-"W(S%B#J#-2()F+#-(F#B(C0&*+#"2(+,#=(B0DD(
"+%1( )&'( B)0+( F%-( 1-#=( +%( 1)""( T=W( O)+#-( T*@"( $)+$,( +,#0-( 1-#=( *"0&@( +,#0-(
-)1+%-0)D( F%-#D#@"( +,#&( "*$a9�G�U�\�� �W�K�H�� �S�U�H�\�·�V�� �E�R�G�\�� �F�R�Q�W�H�Q�W�V�� �W�K�U�R�X�J�K�� �L�W�V�� �S�L�H�U�F�L�Q�J9
"*$a0&@(C%*+,1)-+"W(G+(B0DD(0&"#-+(0+"(1-%T%"$0"(0&( )&=(1)-+(%F(+,#(B-0@@D#-"W(,5%
32$*+02$%)-#(a&%B&(+%(0&Y#$+(+,#0-(1-#="(B0+,(+%b0&"($)*"0&@(1-#=(1)-)D="0"( )&'(
+0""*#( &#$-%"0"W( A,#0-( ")D0J)-=( "#$-#+0%&"( )-#( a&%B&( +%( $%&+)0&( 1-%+#)"#"( )&'(
)C=D)"#"(V/##"(d(]bF%-'2(!MLM2()"($0+#'(T=(8)""0"2(34!4XW( (

A)TD#(5(",%B"(+,#(&*CT#-(%F(B-0@@D#-"($%&"*C#'(T=(+,#('0FF#-#&+("+)@#"(%F(
,5% 32$*+02$W( P0-"+( 0&"+)-( &=C1,"( $%&"*C#'( \ 9!L( B-0@@D#-"( 1#-( ')=( %-( )( ')0D=(
)J#-)@#(%F(!4W4(± 4WN\W(A,#(F0-"+(0&"+)-(&=C1,(%F(,5%32$*+02$(C)=(F0&'(0+('0FF0$*D+(
+%( $%&"*C#( +,0-'( %-( F%*-+,( 0&"+)-( B-0@@D#-"( %&( 0+"( %B&( )&'( +,*"2( %&#( B-0@@D#-(
C)=(T#(F#'(*1%&(T=(+B%(%-(+,-##(&=C1,"(VP0@*-#(!4)XW(

]&( +,#( %+,#-( ,)&'2( "#$%&'( 0&"+)-( &=C1,"( $)&( $%&"*C#( !! 934( B-0@@D#-"(
1#-(')=(VC#)&E(!_W33(i(4WN!(B-0@@D#-"XW(A,0-'(0&"+)-(&=C1,"($)&($%&"*C#(3\ 95[(
B-0@@D#-"( %-( )&( )J#-)@#( %F( NLW5[( i( 4W_N( 1#-( ')=W( P%*-+,( 0&"+)-( &=C1,"( $)&(
$%&"*C#( 5M9!\4( B-0@@D#-"( VC#)&E( M[W![( i( 3W[MX( 1#-( ')=W( P0F+,( 0&"+)-( &=C1,"(
$)&( $%&"*C#( __ 9344( B-0@@D#-"( %-( )&( )J#-)@#( %F( !_!W[[( i( 5W3N( 1#-( ')=W( ]F( )DD(
"+)@#"2(,5%32$*+02$%)'*D+"(,)J#(+,#(,0@,#"+($%&"*C1+0%&(-)+#(B,0$,(-)&@#"(F-%C(
!!3 9N44( B-0@@D#-"( %-( )&( )J#-)@#( %F( 34LW\5( i( LWLL( 1#-( ')=W( S0@,( $%&"*C1+0%&(
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