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   16.1    INTRODUCTION 

   16.1.1    Insect  p hysiological  d iversity 
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Insect metabolic rates  205

!"#$%&$'%()*++", -%$+*'(.$, '/, '!$, (0/&$'%(), #%$1()'(/23,
4('!,&*00,5678 9"$2/!,%/:,"++*)('*&*%1,$%/&,2$.$,12*,,
;$$0<,+/)/&/'/%",&$'*;/+(),$:fi,)($2)",0)*+$0,4('!,,!,,56=>,,
-?*%%(0/2,*21,@/;$%'0,,8555,36,,

   16.2.4    Nutrition and  f eeding 

,A!$, &$'*;/+(), )/0'0, /: , (20$)', :/%*B(2B, *%$, C0C*++",
'(B!'+",+(2D$1,'/,'!$,$2$%B$'()0,/: ,+/)/&/'(/26,E2,!/29
$";$$, )/+/2($0<, '!$, $2$%B$'(), )/0'0, /: , :/%*B(2B, *%$,
*##%/F(&*'$+", G5H, /: , '!$, $0'(&*'$1, 4!/+$,9,)/+/2",
&$'*;/+(),%*'$<,;C','!(0,:%*)'(/2,(0,+(D$+",&C)!,+/4$%,(2,
'$%%$0'%(*+,:/%*B(2B,0#$)($0,0C)!,*0,*2'0,-?*%%(0/2,*21,

92/('*'0,:/,0$'*%,)(+/;*'$&,$!',<%$.$4/?,63,8558,,++$4$I
*%",*2'0, -,"##$% &'()'*&% +,-+./01.&$,3, 1C%(2B, +$*:,9,)C''(2B,
&*", ;$,&/%$, '!*2, G5, '(&$0, '!$(%, (2*)'(.$,&$'*;/+(),
%*'$<, "($+1(2B, *, 0(&(+*%, *$%/;(), 0)/#$, '/,fl,(B!', -@/)$0,
*21,J(B!'/2,,7KK>,36,

,/',$02/#0$%,2(,$0*$%)2(,"++*)(#"',0$'*%,)(+/;*'$L,
:$$1(2B,*21,'!$0$,(2)%$*0$0,&*",0)*+$,4('!,;/'!,;/1",
0(M$,*21,&$*+,'"#$6,A!$,&$'*;/+(),)/0'0,/: ,#/0',9,:$$1(2B,
1(B$0'(/2,)*2,;$,NC*2'(fi,$1,;", '!$, $+$.*'(/2,/: ,&$'*9
;/+(), %*'$, %$+*'(.$, '/, ;*0$+(2$<, '!$, #/0'#%*21(*+,&$'*9
;/+(),0)/#$,-, ,G6G,:/%,(20$)'03,*21,*+0/,;",'!$,2$',$2$%B",
$F#$21$1, :/%, '!$, 1C%*'(/2, /: , '!$, 0#$)(fi,), 1"2*&(),
*)'(/2,%$0#/20$,-OPQ3<,4!()!,%*2B$0,*&/2B,'!$,(20$)',
B%/C#0,0'C1($1,:%/&,565558>,'/,56758,,,DR,-O$)/%,,855K,36,
Q)%/00,*,;%/*1,%*2B$,/: ,(2.$%'$;%*'$,'*F*<,OPQ,0)*+$0,
4('!, ,!,,56G7,<, &$*+,9,&*00,56S8,<, *21, &$*+,9,$2$%B",56G8,T, :/%,
)/&#*%(0/2<,*&/2B,&*&&*+0<,OPQ,0)*+$0,4('!,,!,,56G8,<,
&$*+,9,&*00,56S,<,*21,&$*+,9,$2$%B",7687,,*21,*&/2B,%$#'(+$0,
OPQ, 0)*+$0, 4('!, ,!,,,−,565U,<, &$*+,9,&*00,767G 9,+*$&,12*,<,
,$2$%B",765V ,B2(00(D,$!',<0')$02(,B2/&Q,63,K558,,%/)$O-,,
;CB,-,23.)*0,&%/+.10(,& 92*%#'0/#,'0$!B(!,$!',0'(;(!F$,3,

9,$+/!4,2(,$0*$%)2(,1+/:,9,57-,$#/)0,)(+/;*'$&,+*(1
,/%B*2(0&,&$'*;/+(), %*'$3, *0,4$++, *0, '!$, B%$*'$0', OPQ,

,"$+1*%W-,+*$&,1//+;,*,2/,B2(1$$:,B2(4/++/:,3RD,,,85765-
$',*+6,,855G,36,A!$,0#$)(fi,),1"2*&(),*)'(/2,:/%,&(B%*'/%",
+/)C0', -,4.5,&#$% 607+$#.+0$,3, 2"&#!0, (0, (2, '!$, :/C%,9,, '/,
fi,.$:/+1, %*2B$, -X/C.$(*, $', *+6, ,8555,36, E2, *11('(/2, '/,
$::$)'0,/: ,;$(2B,:$1,/%,2/'<,'!$,)!*%*)'$%(0'()0,/: ,'!$,1($',

,$'*%1"!/;%*),9,!B(!,Q,6$'*%,)(+/;*'$&,')$::*,/0+*,2*)
1($',(0,+(2D$1,'/,(2)%$*0$1,&$'*;/+(),%*'$0,(2,!/2$";$$0,
-W+*'',*21,@/)$0,,8557,36,E2,+/)C0'0<,(2)%$*0$1,)*%;/!"9
1%*'$, Y, #%/'$(2, (2'*D$, )*2, +$*1, '/, 0'%/2B, $+$.*'(/2, (2,
&$'*;/+(),%*'$0<,#%/;*;+",'/,1(0#/0$,/: ,$F)$00,$2$%B",(2,
'!$, 1($', *21, *++/4, (2'*D$, *21, *00(&(+*'(/2, /: , 2$$1$1,
NC*2'('($0, /: , #%/'$(2, -Z*2/''/, $', *+6, ,7KKS,T, X/C.$(*,
$',*+6,,8555,36,

/: , '%*)!$*+, (2.$0'&$2', !*.$, ;$$2, /;0$%.$1, (2, B%*009
!/##$%0, 1C%(2B, /2'/B$2", -?*%%(0/2, $', *+6, ,855>,T,
X%$$2+$$,$',*+6,,855K,36,A!$,(2)%$*0$1,(2.$0'&$2',(2,%$09
#(%*'/%",0'%C)'C%$,(2,+*%B$%,(20$)'0,0CBB$0'0,'!*',;/1",
0(M$, (2fl 9,$1*%',"%*2/('C+/.$,*(.,$'*%,)(+/;*'$&,0$)2$C,

,%$#,0$C00(',$.(')*,:/,02/('%/#/%#,1$)C1$%,0*,!)C0,0::/,
C2(',./+C&$,(2,+*%B$%,(20$)'0,-?*%%(0/2,$',*+6,,8575,36,,

   16.2.3    Locomotion 

,$B2*%,0')$02(,$.(')*,"++*%/(.*!$;,:/,0$'*%,)(+/;*'$&,$!A,
:%/&, G, '/, G5, '(&$0, %$0'(2B, %*'$0<, *21, '!$, &*F(&*+,
&*00,9,0#$)(fi,),&$'*;/+(), %*'$0, /: , *)'(.$, (20$)'0, )*2, ;$,
&/%$,'!*2,1/C;+$,'!/0$,/: ,&*F(&*++",*)'(.$<,0(&(+*%+",

,63,5558,,0'%$;/@,12*,2/0(%%*?-,01%(;,%/,0+*&&*&,1$M(0
I+"(2B,(20$)'0,$F!(;(','!$,!(B!$0',&$'*;/+(),0)/#$0,*21,
fl,(B!', &$'*;/+(), %*'$0, *%$, *##%/F(&*'$+", 75, '(&$0,
B%$*'$%, '!*2, &*F(&*+, &$'*;/+(), %*'$0, :/%, %C22(2B,

9%$!'/12$,$&/0,2E,63,SKK7,,++CI-,$M(0,%*+(&(0,*,:/,0')$02(
&(),(20$)'0<,'%*20('(/20,:%/&,%$0','/,*)'(.('",*%$,*00/)(9
*'$1,4('!,0'%/2B,(2)%$*0$0,(2,;/1",'$&#$%*'C%$<,+$*1(2B,
'/, .$%", !(B!, &$'*;/+(), 0)/#$06, I/%, $F*&#+$<, (', !*0,
;$$2,%$#/%'$1, '!*', 0'%(1C+*'(2B,D*'"1(10, -O'$.$20,*21,

,4$&/+/!'%*W-,0$+'$$;,B2(22C%,12*,3,SSK7,,2/0!#$0/R
*21,[*0$",,7KSS,3,$F!(;(',&$'*;/+(),0)/#$0,(2,'!$,%*2B$,
/: ,>5,'/,755,9,:/+1,1C%(2B,'!$0$,;$!*.(/%0,*0,'!$",$21/9
'!$%&()*++",4*%&,'!$(%,;/1($0,;",C#,'/,85,,,,\,[6,
,L$'*;/+(),%*'$0,(2)%$*0$,+(2$*%+",4('!,%C22(2B,0#$$1,

9*'$&,D*$#,12*,3,>558,,6+*,'$,##(J,T,>KK7,,6+*,'$,%$($]-
;/+(),%*'$0,*&/2B,%C22(2B,*21,fl,"(2B,(20$)'0,0)*+$,/2,
*.$%*B$,4('!,,!,,56UV ,B2(%C1,0$'*%,)(+/;*'$L,63,SKK7,,++CI-,,
fl,(B!', !*.$, ;$$2, %$#/%'$1, '/, 0)*+$, 4('!, ,!,,56K,<, ;C', '!$,
1$B%$$,/: ,'!(0,*++/&$'%",(0,+(D$+",(2fl,C$2)$1,;",'!$,'$29
1$2)", /: , +*%B$%, $21/'!$%&(), (20$)'0, '/, !*.$, !(B!$%,
;/1", '$&#$%*'C%$0, *21, fl,(B!', &$'*;/+(), %*'$0, '!*2,

,63,>558,,22*&$+%*!)O,12*,2$.(^-,0')$02(,%$++*&0
L$)!*2()*+,#/4$%,/C'#C',-C0C*++",$0'(&*'$1,:%/&,'!$,
D(2$&*'()0,/: , +(&;,/%,4(2B,&/.$&$2'0,*21,1"2*&(),
&/1$+03,0)*+$0,(0/&$'%()*++",4('!,;/1",0(M$,(2,%C22(2B,
(20$)'0, *21, $('!$%, (0/&$'%()*++", /%, !"#$%&$'%()*++", (2,
fl ,B2(0*$%)2(-,2%$''*#,0(!A,63,SKK7,,++CI-,0')$02(,B2(",
&$)!*2()*+,#/4$%,/C'#C',%$+*'(.$, '/,&$'*;/+(),#/4$%,
(2#C'3,0CBB$0'0,'!*','!$,%$+*'(.$,$:fi,)($2)",-&$)!*2()*+,
#/4$%, /C'#C'_&$'*;/+(), #/4$%, (2#C'3, /: , +/)/&/'(/2,
(2)%$*0$0,4('!,(20$)',;/1",0(M$6,E: ,$:fi,)($2)",(0,1$fi,2$1,
*0,'!$,%*'(/,/: , +/)/&/'/%",#/4$%,/C'#C','/,&$'*;/+(),
#/4$%, (2#C'<, (0/&$'%(), 0)*+(2B, /: , #/4$%, /C'#C', *21,
(2#C', 4/C+1, #%$1()', '!*', $:fi,)($2)", (0, (2.*%(*2', 4('!,
&*00, -, ,,!,,565,36, I/%, (20$)'0, (2, B$2$%*+<, $:fi,)($2)", 0)*+$0,
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!"#$%&"'!"()*+ ,(%!,,+ -.$*,&"+ +/01/+2+ 3&%!",!"+ !(+ )*4+

+/056+2+ 378'$79*+ )":+ ;%)$*,8!$'+ +<==/+>4+ ?"+ (8!+ )7&%"+

)"(+-+!"#$%&'%()*+(,-)&,.,/ +,*!#!*+@($#$(7)+"$+,!,)!%7!:+A>+

)":+ $"7%!),!,+ $"+ (%&B8)**)C$,+ -'&D(8+E+(&+E+'&D(8+ F&&:+

(%)",F!%>+ )%!+ 8@B&(8!,$G!:+ (&+ F)7$*$()(!+ (8$,+ ,B!7$!,+H++

%!')%9)I*!+)I$*$(@+F&%+7&*&"$!,+(&+,D%#$#!+J%!)(!%+(8)"+

!$J8(+ '&"(8,+ &F + ,()%#)($&"+ -KD!BB!**+ )":+ L$%9')"+

+<==M+>4+ L),B)%$+ )":+ N)%J&+ &I,!%#!:+ )+ 8@B!%'!(%$7+

)**&'!(%@+F&%+(8!+:D%)($&"+&F +OD!!"+,D%#$#)*+$"+(8!+fi+%!+
)"(+-+0%."$%1/2/+2$324&) +!8(+F&+!G$,+!8(+8($P+:!*)7,+87$8P+>+

7&*&"@+),++5++=4</ E7)B)7+,$8Q+4>+M00/++&J%)N+:")+$%)B,)L-++

$(@+ F&%+ %!,$*$!"7!+8),+I!!"+8@B&(8!,$G!:+),+&"!+&F + (8!+

F)7(&%,+ $"#&*#!:+ $"+ (8!+ !#&*D($&"+ &F + !D,&7$)*$(@A+ 7),(!+

%)($&,A+ )":+ #)%$)($&"+ $"+ 7&*&"@+ ,$G!+ -R$78!"!%+ +/0ST+2+

.$*,&"++/0S5+2+U&DP')+!(+)*4++<==S+>4+++

   16.3    CORRELATIONS BETWEEN BODY 
SIZE AND METABOLIC RATE 

   16.3.1    Developmental  a llometries 

+?",!7(+*)%#)!+%!B%!,!"(+!C7!**!"(A+)*I!$(+%!*)($#!*@+D"!CE

B*&%!:A+ '&:!*+ ,@,(!',+ F&%+ $"#!,($J)($"J+ (8!+ $"(!%F)7!+

I!(P!!"+B8@,$&*&J@+)":+!7&*&J@4+V,+ F&%+):D*(,A+ *)%#)*+

$",!7(,+)%!+OD$(!+:$#!%,!4+R)"@+$",!7(+*)%#)!+*$#!+D":!%E

J%&D":A+ $"+ *!)F + *$((!%A+ &%+ $"+ :!7)@$"J+ F%D$(,+ )":+ *$9!*@+

!CB!%$!"7!+ )+ %)"J!+ &F + 8@B&C$7+ !"#$%&"'!"(,A+ ID(+

&(8!%,+-!4J4A+')"@+*!B$:&B(!%)"+*)%#)!>+F&%)J!+&"+*!)#!,+

$"+"&%'&C$)4+R)"@+$",!7(+*)%#)!+)%!+,&*$()%@A+ID(+&(8!%+

,B!7$!,+ %!)%+ I%&&:+ 7&&B!%)($#!*@A+ ,D78+),+ (8!+ I!,,IDJ+

-+67%$&%&)"$2,/+72/8,4&,/ ED''&7+"$+!)#%)*+!,$)%+87$8P+>+

")*+J)**!%$!,+7)%#!:+&D(+&F +:!7)@$"J+P&&:4+.8$*!+'&,(+

$",!7(+ *)%#)!+)%!+(!%%!,(%$)*A+,&'!+)%!+)OD)($7A+)":+&F +

(8!,!A+ ,&'!+ 8)#!+ &B!"+ -!4J4A+ '&,OD$(&>+ )":+ &(8!%,+

7*&,!:+-!4J4A+7)::$,+fl+@>+(%)78!)*+,@,(!',4+3&'!+)OD)($7+

$",!7(+ *)%#)!+-!4J4A+ (8!+78$%&"&'$:,>+8)#!+!#&*#!:+(8!+

+4>+/10/++%!#$*W-+(%&B,")%(+"!J@C&+%&F+"$I&*J&'!8+F&+!,D

Q8!+:$#!%,$(@+&F +(8!,!+!"#$%&"'!"(,+)":+I!8)#$&%,+),+

P!**+ ),+ (8!+J!"!%)*+B)D7$(@+&F + *$(!%)(D%!+:)()+')9!+ $(+

:$Ffi+7D*(+(&+:%)P+I%&):+7&"7*D,$&",+)I&D(+(8!+!"!%J!($7,+

&F +$",!7(+*)%#)!4+

+"!!I+!#)8+,!$%(!'&**)+!()%+7$*&I)(!'+!)#%)*+(7!,"?+

$"#!,($J)(!:+&"+)"+ $"(%),B!7$fi+7+I),$,+ F&%+)+"D'I!%+&F +

$",!7(+,B!7$!,+(8)(+7)"+I!+!),$*@+%!)%!:4+.8$*!+')"@+&F +

(8!,!+ ,(D:$!,+ %!B&%(+ 8@B&'!(%$7+ ,7)*$"J+ !CB&"!"(,A+

(8!%!+ $,+P!)9+,DBB&%(+ F&%+)+7)"&"$7)*+=41M+!CB&"!"(4+

X%&P$"J+ 8&"!@I!!+ *)%#)!+ $"7%!),!+ $"+ '),,+ I@+ '&%!+

+7$*&I)(!'+($I$8C!+:")+,@):+T+@*"&+"$+:*&F+E+==T+")8(

+)+!#)8+")7+@*BBD,+!7%D&,!%+*)"&$($%(D"+:!(7$%(,!K+

%)"J!+ &F + !FF!7(,+ &"+ $",!7(+ '!()I&*$7+ %)(!,4+ Y&%)J$"J+

8&"!@I!!,+J$#!"+%$78!%+-8$J8!%+7)%I&8@:%)(!>+%!P)%:,+

!C8$I$(+8$J8!%+'!()I&*$7+%)(!,+:D%$"J+B!%$&:,+&F +F&%)JE

$"J+(8)(+$"7*D:!+I&(8+fl+$J8(+)":+"&"+E+fl+$J8(+-U)*:!%%)')+

+7$*&I)(!'+A,!$7!B,+,$8(+"$+()8(+J"$(,!JJD,+A>+<00/++4*)+(!

%)(!+ $,+ B&,$($#!*@+ $"fl+D!"7!:+ I@+ "D(%$($&")*+ ,DBB*@4+
3$'$*)%*@A+ ,()%#)($&"+')@+ :!7%!),!+'!()I&*$7+ %)(!,+ &%+

$'B)$%+fl+$J8(+B!%F&%')"7!+-X&*:,P&%(8@+)":+;&DB*)":+

+/01T+2+R)(,D%)++/05/+2+3(&9,+!(+)*4++<==S+>A+ID(+(8$,+$,+"&(+

)*P)@,+ (8!+ 7),!4+ ?"+ (8!+VF%$7)"+ F%D$(+ I!!(*!+ -+9)4'$%7)+
/2$,)&) fl+@%)("D*&#+A>+ +$J8(+B!%F&%')"7!+)":+:D%)($&"+$,+

"&(+$"8$I$(!:+I@+/M+Z+6=+:)@,+&F +,()%#)($&"+-VD!%,P)*:+

+!()#!*!+")7+@*BBD,+%!()P+:!7D:!K+4>+===<++!:+[+X+:")

'!()I&*$7+ %)(!+ $"+ J%&P$"J+ $",!7(+ *)%#)!+ -R)%($"+ )":+

E)(!'+**)%!#&+!8(+(7!FF)+(&"+,!&:+(DI+>+550/++F&\+(+H+")N

I&*$7+%)(!+&F +):D*(+*&7D,(,+-]&#!%$:J!+)":+UD%,!**++/01M+>4+

E+("!$%(D"+F&+"%!(()B+C!*B'&7+!8(+%&F+,"&,)!%+!8(+F&+!"W

+,DBB*@+ !FF!7(,+ &"+ $",!7(+ '!()I&*$7+ %)(!,+ $,+ (8!+ F)7(+

(8)(+ (8!%!+ )%!+ &F(!"+ B*),($7+ B8@,$&*&J$7)*+ %!,B&",!,+

(&+%!,&D%7!+:!B%$#)($&"+$"7*D:$"J+:%)')($7+,8$F(,+$"+(8!+

'!()I&*$7+ B)(8P)@,+ )":+ "D(%$!"(+ ,DI,(%)(!,+ D,!:+ (&+

FD!*+'!()I&*$,'A+&F(!"+P$(8&D(+)FF!7($"J+&#!%)**+'!()E

+2+S50/++&")$*D^+2+100/++4*)+(!+"):P)_`-+,!()%+7$*&I

VD!%,P)*:+ )":+ X+[+:!+ +<===+2+ K!")D*(+ !(+ )*4+ +<==<+2+

+:")+!#$()%)B'&7+8(&I+A%!#!P&\+4>+//=<++4*)+(!+%$)*7"$3

)%($fi+7$)*+,!*!7($&"+,(D:$!,+,DJJ!,(+(8)(+)"+!#&*D($&")%@+
%!,B&",!+ (&+ ,()%#)($&"+ )":+ P)(!%+ ,(%!,,+ ')@+ $"#&*#!+

fi$7!B,+E+,,)'+:!7D:!% +7+'!()I&*$7+%)(!+-\)%,8')"+!(+)*4+

+/000+2+R)%%&"+!(+)*4++<==6+>4+

E7$%(,!%+("!$%(D"+*)("!'"&%$#"!+F&+!'!%(C!+!8(+(V+

($&"A+$",!7(,+')@+D($*$G!+(&%B&%+)":+:$)B)D,!+(&+,D%#$#!+

*&"J+ :!)%(8+ B!%$&:,A+ %!:D7$"J+ '!()I&*$7+ %)(!,+ F&%+

!C(!":!:+ B!%$&:,+ &F + ($'!+ I@+ '&%!+ (8)"+ 05a+ -378E

"!$:!%')"+ )":+ .$**$)',+ +/0M6+2+ \)8"+ )":+ `!"*$"J!%+

+<=/=+>4+V+'!()+E+)")*@,$,+&F + (8!+'!()I&*$7+ %)(!+ ,7)*$"J+

F&%+ $",!7(+!JJ,A+ *)%#)!A+)":+BDB)!+ -S<4T+ +5++=411+>+ ,8&P,+

)+ ,$'$*)%+ 8@B&'!(%$7+ !CB&"!"(+ ID(+ )+ ,$J"$fi+7)"(*@+
%!:D7!:+$"(!%7!B(+-"&%')*$G)($&"+7&",()"(>+%!*)($#!+(&+

(8!+)**&'!(%@+-6S6++5++=45S +(*D:)+J"$:"&B,!%%&7+!8(+%&F+>+

%!,($"J+'!()I&*$7+%)(!,+-XDBB@+)":+.$(8!%,++/000+>4+

+3&7$)*+ $",!7(+ 7&*&"$!,+ )%!+ B)%($7D*)%*@+P!**+ ):)B(!:+

(&+')$"()$"$"J+B8@,$&*&J$7)*+8&'!&,(),$,+ $"+%!,B&",!+

(&+#)%$)($&"+$"+!"#$%&"'!"()*+%!,&D%7!+)#)$*)I$*$(@4+Y&%+

!C)'B*!A+P&%9!%,+P$(8$"+(8!+7&*&"@+#)%@+(8!$%+F&%)J$"J+

)7($#$(@+$"+%!,B&",!+(&+(8!+"D(%$($&")*+:!')":,+&F +(8!+

+"&,B'$3+:")+%D&(D,,D`+2+M50/++4*)+(!+"!,"!%&3-+:&&%I

+<==0+>+ )":+')"@+ ,B!7$!,+8)%#!,(+ )":+ ,(&%!+ %!,&D%7!,+

-\+b+**:&I*!%+)":+.$*,&"++/00=+>4+;&*&"$!,+')@+)*,&+7)(E

)I&*$G!+,&')($7+($,,D!+(&+,D%#$#!+%!,&D%7!+,7)%7$(@+)":+
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!)* ! +,-! .,/0-!1!234520! 6720438! -9:/3-3+! (!#α #!$! 46! ;&<=>!
+,-3!.-!723!:?-@47+!.,2+!@4**-?-37-! 43!5266-6!./A0@!
8-3-?2+-!+,-!/B6-?C-@!?2+4/!43!5266!1!6:-74fi!7!5-+2B/047!
?2+-6D

!!! ! " E !!!$E&'#(!!!!

fi47-:6!1!6625!34!-73-?-**4@!@0/*!1!/.+!2!*/!-627!-,+!3)! !7!
5-+2B/047! ?2+-6>! +,-! 5266! ?2+4/! ./A0@! ,2C-! +/! B-!
;&;'"=!*/?!200/5-+?F!+/!:?-@47+!+,-!/B6-?C-@!@4**-?-37-!
43! 5266!1!6:-74fi!7! 5-+2B/047! ?2+-6&! )3! /+,-?! ./?@6>! +,-!
2@A0+!6+28-6!/* !+,-!23+>!B-->!23@!fl!F!6:-74-6!5-3+4/3-@!
2B/C-!./A0@!,2C-!+/!B-!GEH!65200-?!+,23!+,-4?!02?C20!
*/?56!(/?!+,-!02?C2-!#'&'<!+45-6!02?8-?!+,23!+,-!2@A0+6$!

!?-,84,!@0/*!1!/.+!-,+!3420:9-!/+!8340276!1!6625!-0:546!?/*
5266!1!6:-74fi!7! 5-+2B/047! ?2+-6! 43! 2@A0+6! ?-02+4C-! +/!

!H;%!I!;#!F0-+2549/?::2!F03/!-?2!6+0A@2!-734J!&-2C?20
0-66! 52664C-! +,23! 02?C2->! +,-! ?-02+4C-0F! ,48,! 2@A0+!
5266!1!6:-74fi!7!5-+2B/047!?2+-6!2?-!3/+!645:0-!200/5-+?47!
7/36-KA-37-6! /* ! 65200-?! B/@F! 5266&! L3! 20+-?32+4C-!
A0+452+-!-9:0232+4/3!*/?!+,-!,48,-?!5266!1!6:-74fi!7!5-+21
B/047! ?2+-6! /* ! 2@A0+6!52F! B-! 2320/8/A6! +/! +,-!,48,-?!
5-+2B/047! ?2+-6! /* ! fl!F438! ?-02+4C-! +/! 3/3!1!fl!F438! 2@A0+!

!34!>&8&-(!6-832,7!9-0:5/7!-,M!&$!GGG#!!@0/,34-N(!6+7-634
B/@F! +466A-! 7/5:/64+4/3! 23@! +?27,-20! 6F6+-5! 6+?A71
+A?-$! +,2+! +2O-! :027-! @A?438! 5-+25/?:,/646! 43! +,-!
,/0/5-+2B/0/A6! :A:20! 6+28-! 2::2?-3+0F! 206/! -32B0-!
*A3@25-3+20!7,238-6!43!?-6+438!5-+2B/047!?2+-&!!

   16.3.2    Intraspecifi c  a llometries 

!M,-!?-02+4C-0F!0/.!?238-!43!5266-6!25/38!2@A0+6!/* !2!
64380-!6:-74-6!52O-6!4+!@4*fi!7A0+!+/!277A?2+-0F!+-6+!*/?!23!
43+?26:-74fi!7!7/??-02+4/3!B-+.--3!5266!23@!2@A0+!436-7+!

!P!GGG#!!0-::L!@32!+8/Q(!6-47-:6!F325!34!6-+2?!740/B2+-5
1:-79-!+2,.-5/6!-?2!6+3L!&$!E;;"!!&02!+-!6-4,?//Q!32Q

+4/320!43!+,46!?-82?@>!.4+,!6/5-!6:-74-6!-9,4B4+438!6AB1
6+23+420!C2?42+4/3!43!./?O-?!64R-&!S/?!-925:0->!+,-!@?F!
5266-6!/* !!$%&'()*)+&,)-#('.&/010!!./?O-?6!C2?F!BF!5/?-!

!+6/5!3)!&$!;GG#!!3/604T!@32!?-0B/@00!U!V(!@0/*!1!;;=!32,+
726-6>!4+!2::-2?6!+,2+!5-+2B/047!?2+-6!/* !6A7,!./?O-?6!
6720-! ,F:/5-+?47200F! .4+,! 5266>! .4+,! ,/5/8-3/A6!
60/:-6!?238438!*?/5!;&==!+/!;&W%!(X,/.3!-+!20&!!";;<!P!
6--!206/!Y-?O,/**>!X,2:+-?!!E!>!S48&!!E&#!L$&!

fi47-:62?+34!>6+7-634!-5/6!3)! !7!C2?42+4/3!46!266/742+-@!
.4+,!5/?:,/0/84720!200/5-+?4-6!+,2+!:?/@A7-!6A?:?46438!

?2+-6!+,2+!6720-!.4+,!5266!;&G !-2C?2Z!&$!E;;"!!&02!+-!R+-[(!!
/* ! +,-!+/B277/!,/?3./?5!(!!2-(132#0&4,2!$!6:23!+,?--!
/?@-?6! /* ! 52834+A@-! 43! B/@F! 5266! 23@! -9,4B4+! X\!"!!
-54664/3!?2+-!6720438!.4+,!2!5266!-9:/3-3+!+,2+!?238-6!
*?/5! ;&<<! (L00-F3-! -+! 20&! !#GG<!$! +/! ;&GW! 27?/66! +,-!

!&$!=;;"!!3/64??2V!@32!--03--?](!-82+6!02C?20!-?4+3-
V/.-C-?>!43@4C4@A20!436+2?6!6,/.!@4**-?-3+!:2++-?36!/* !
5-+2B/047!?2+-!6720438P!26!02?C2-!8?/.!.4+,43!23!436+2?>!
+,-!5266!1!6:-74fi!7!X\!" !-R46^-82!,+4.!6-62-?7-@!3/46645-!!
25/38!-2?0F!436+2?6>!BA+!4+!437?-26-6!.4+,!64R-!43!fi!320!
02?C20! 436+2?! (]?--30--! 23@!V2??46/3! !";;=!$! (6--! 206/!
Y-?O,/**>!X,2:+-?!!E!>!S48&!!E&#!_$&!J45402?0F!43!8?266,/:1
:-?6>! +,-! :2++-?3! /* ! X\!" !6-4?2C!8340276!-+2?!3/46645-!!
.4+,43! @4**-?-3+! 436+2?6! .4+,! -9:/3-3+6! ?238438!
B-+.--3! ;&E=! 23@! ;&G#! (]?--30--! 23@! V2??46/3!
!";;EB!$>!.,40-!27?/66!4+6!-3+4?-!@-C-0/:5-3+>!5-+2B/047!
?2+-! 6720-6! .4+,! +,-! -9:/3-3+! ;&<%! (]?--30--! 23@!
V2??46/3!!";;E2!$&!Z2?C2-!/* !+,-!fl!/A?!B--+0-!(!5/'6)*'17#
320,2-&17!$! -9,4B4+! 5266!1!6:-74fi!7! 5-+2B/047! ?2+-6! +,2+!
@-7?-26-! BF! /C-?! G;H! @A?438! 0-66! +,23! #"! @2F6! /* !
@-C-0/:5-3+!(`-@?23/!23@!]200!!#G<'!$!23@!+,-!,-541
5-+2B/0/A6!540O.--@!BA8!-9,4B4+6!2!%WH!@-7?-26-!43!
5266!1!6:-74fi!7! 5-+2B/047! ?2+-! *?/5! +,-! fi!?6+! 436+2?! +/!
2@A0+!(a46.23@-?!!#G=#!$&!

147/662!64!6+0A@2!/+!-2C?20!5/?*!+3-5:/0-C-@!+7-63)!
2+-@!.4+,!7/5:0-9!7,238-6!43!B/@F!*/?5!23@!:,F64/01
/8F! 43! 2@@4+4/3! +/! 20+-?2+4/3! 43! B/@F! 64R-&! `-+2B/047!
?2+-! 6720438! :2++-?36! 52F! @-:-3@! /3! +,-! 32+A?-! /* !
+,-6-!7,238-6&!L@A0+!,/0/5-+2B/0/A6!436-7+6!2?-!/*+-3!
6AB6+23+4200F! 65200-?! +,23! +,-! +-?54320! 02?C20! 436+2?!
23@! +,-! *-.! 6+A@4-6! 2C2402B0-! 6A88-6+! +,2+! +,-F! ,2C-!
8?-2+-?!?-6+438!23@!5294520!5-+2B/047!?2+-6&!L@A0+6!/* !
C43-82?!fl!4-6! (!89#7&*2-)+20,&/!$! (Y0/O! -+! 20&! !";#;!$>!fi!?-!
23+6!(!:9#'-.'3,2 !6--BF-3/,!@32!>$!GGG#!!0-::L!@32!+8/Q(!$!
(!;9#7&**'<&/2 !&02!+-!R+-[!P!;GG#!!-C/?8-C/Z!@32!3/+,84Z(!$!
!";;E!$! -9,4B4+! 5266!1!6:-74fi!7! 5-+2B/047! ?2+-6! 2::?/941
52+-0F! +.47-! 26! ,48,! 26! +,-4?! 02?C2-&! L?-! +,-! ,48,-?!
5266!1!6:-74fi!7! 5-+2B/047! ?2+-6! 43! 2@A0+6! @A-! +/! +,-4?!
65200-?! 64R-b! )* ! +,-!2@A0+6!23@! 02?C2-!2?-!266A5-@! +/!
B-0/38!+/!2!7/55/3!5266!1!6720438!200/5-+?F>!+,-3!+,-!
?2+4/!/* !+,-4?!5266!1!6:-74fi!7!5-+2B/047!?2+-6!723!B-!7201
7A02+-@!BFD
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fi-@!-?2!60/B5F6!-?-,.! !3-@!26!43!-KA2+4/3!"&#&!cKA2+4/3!
"&'!723!B-!?-2??238-@!+/!6/0C-!*/?!+,-!5266!?2+4/!(!Δ!!!!$!
+,2+!./A0@!B-!3-7-662?F!+/!8-3-?2+-!23!/B6-?C-@!?2+4/!
43!5-+2B/047!?2+-!(!Δ!!"!$D
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!"#"!$% &' % ()&!&*)+,!% &-*,.)/,0)&.1% 2.3)#)34,!$% 5)06).%
06"% +&!&.7% 8,7% ("% "9:"+0"3% 0&% "96)()0% 67:&8"0-)+%
$+,!).*% &' %8"0,(&!)+% -,0"%5)06%8,$$;% (40%56&!"% +&!&<
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Insect metabolic rates  
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Insect metabolic rates  
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Insect metabolic rates  
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Insect metabolic rates  
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Insect metabolic rates  
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