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Functional responses of three species of predaiory ladybirds (Coleoptera: Coccinellidae)

to population densities of Serrri.rio ,,rraci (Homoptera: Aleyrodidae)
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)lel,-L;:c-i..r5j9t'.;<LC.sptenvunctataeu-S,.r-.t-t>.11-,5y.t;tS^,iS

.c-:l: l.,.*.<1..", +^-- JF.r.Uli 1:y 1l:1j;r, g;j)L gr5)l(: ,rL-ril.)

.A-S ,* ,r+..(L"r ..i.13r.:J5 .,J,.iU .riSl9 :,.9q15 .9le.jl1

t C-t ,-iSl t ! ..r:Ul (Homoptera: Sternonh;mcha: Aleyrodidae) IrSJL -LL

t)2eiu.:.;\ .)JL-.i j!-/rl,J {1-l :l ,rr.r--r.-i} r,5 "r-it.r, :12 ,grL.a:!l ; -*.rl

L;:.,: o.ru-: r5:l '.6Uj \Y.. jl uj-* 6l.jb Aleyrodidae (Jo)lil> .(Gcrlin& l99O)

;-:2 | rlJ, aa(Benkia tabaci Cennadius) r...1 ,.(f--...r q5:L"a:!l .,--"-rl e5 rili./
jl:lS .S-L -rL.;: .51;b e; Sl...g .(Byme and Bcllo*s. l99l) r:Ls. l-r.U.f yL ,t

{.:-t ;,---=;l +5 ' lL.rr lj.rJL-= J--t-f : La{'ilr\ ,.ltrJrK-;.11
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d*' '. c,UL-i.gl;b -Ji,l Jt- Jp y-r Lr5;3-r--ii5 i-"r-? .(Lopez-Avita. 1986)

rJ-+ il .(Obrycti eta1..1997) :u:-, (- --.1 it- d!l) j,l Jr d;rr,.1, vlgt $ t:l o.

)l J;;-, J,tre Jlio r,r-tr, t 1\ 4t;,b5)j.r^:"i' !-:,-- f--i,l+) J;i .yt)e

.L....irt.,, f---Sli.-? 1---.lJ JJlt blrr ,- ,r-+,JU---i: 9 dl-..?j.,.r-il ,.-5li

r-1 r5 c-l ir-.,l .".1 dU-j: L-:^.a- ,-tli J, c,UL.i.:5-9 c"--r.rl .(Majerus, 1994)

i'Lj l{-l t-, orrlj.:.,rL; ,sl it <-24J..2: J.rLji.--..- €tt es: e:- :-h

.(Royama. 1977: Yetr,to et al.- 1983) ))ll<.r,

_rr ,.--.i. _jlrlr 3 ,5 j r5'-; .:,LJl!. L,"L-l J l--q jlJ,---' ! !r*U 6t^d.5t3

.--.,.1.--.o., ;L-ri .)48 ;--tJ)- ; 3 6'1:tS t l=-yS l-jrJr: J;s 6'n,a.v s
J) .JL-j .:,-r., L rLl, ,.r .-r.7x .51r.1.r, r-L-J- 4 .j.U, (Enkegaard, 1994) L.:J u.
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L-Jj il-t dlrl !r!t lr;slj Lt -rr-t c-{+ Jli.J..I)J.}-.il (u-.srjrL, !)

Jt^n ,-r,, i a.E 66uj-S\ ,r^;;.(Holling, 1959b and 1965) r.1* dJ :Q -5:9:
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J.---:tu, J<--j At1 t,srirsr- ,F r--t ,u-L; c,rr......" ,---..-4J

L r-Ll.l -lr g:r f,r. .i.lu ufL^ui5l3 .(Holling, 1959a; Holling' 1966: Hassell. 1978)

.-t--.-?i ,-/.f q (Holling, 1959b).I{y d4.:.5.JrL. L-j -t 6t2,ra,A llJ.j6-;
:.:-,1 ..1-.rJ

N"=a' T,N,/(l+d' ThN,)

(.re:;L) .;iyL5 a' ,-!J :lr. tJ-- 4.s- .2lS-J Ju--'j,v. ii .9.Jr1,, .,7:
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6L--rJ-r.. ;r a' ;,|).---,j.J arj--J !l-'.J J,l/l : .(Arx et al.. 1983t Yano er a/, 1988)

uj-l,l t ,&t --b jl .(Price, 1997) r: -t^lJ, Jl. ;-:.1 (,rl-Ll.r e&t rKj-JrK-:
c,.+z 6;-:*.rL-., a-il ,r-,*L,-t .]L-lit i ; )l<-i.9bcL-'- rl.r.'.;,JC flj
o,;-5 )5 .slS-:, 6,lr- Jzr--"4 c.4-- 6,;-,5 bL),ts:,.1 J r-;15-.i ., ,.r,!.*:
..r-;.:l: iL^i-i &!f frl-,--+ U pr:1a c;tr,r,--- .:t 4t j,-l 6 r-:L.r, Jrt<j
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c-!rr-l;;l .51;>l .r,L,Jl.J--+ J--^ dn iiL^r.rJr, 1rll 1qrt,
,g51VS y:ej' ,9 j)lS--: oirt-S ;€- 6 s: c-{; UJ .(Holing, t959a) (.-L:.
J"L^; JJK-: !sjJr--:i' eiS c- u*l; ja-st) rit 2- ,-psi.:>,L..!<jti ri-
Hippodamia variegata Goeze (Coccinellinae\ Coccinella septempurcrata L. (Coccinellinae)

.:l; 4tstt JJJ, !t..:, .(L-t c-",-r fslr rSJ) Clitosteth$ arcudlrs Rossi (Scymninae) J

J;..5 r.r Lr.5rj..t-:-6 ts)6 6V-l; _.,r rjg-e;Ut!r fi+l .:+- i,Y.S.+; U Jt'
*t -*i "-:;j).:rJ a----.rt;;Ei j4t,-=Le-t,,gLt l.;,, Jt! r) IAIJL rj-
J;---s .:>;)L- 6J;l(-: ,ti:6 ).-(;l ,- ,5\--c j2t,gt-|.f;3-r_-:jS r_5

J-; )li)i ),.lYL--t.,,la d.;--ll nl +:,- .f )------.a- <- ,. ; Er- ,L-il
jlr-l -,i!r, blii ; u,-:-1,_517 6lrtr ,(Breene el a/.. 1994: Obrycki and Kring. t998)
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q .K.i[.ji \t; 9 .@. tabaci) .r,.<L".,' 6b..)y .jl.li, df.rili t,r) C. arcuatu,
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.,r- I d, : -. pl;- ;t j,K:.gLr.l;y.r--:5 3 L+ .(.., ..u ,.8-;t .1t.rjri;r ,.:1U.r
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crl- It c,rr 6,tJ [r.5jjr-:,6 ,;t,ji lq.jl ,l ^+ dt -"r 6t^,)r_ )t Lr.'J9_r,:,i'

.+ ar-l ! )iS ,1, J14 e)! 
")--b 

2: ,,ljj, sl j, o. u-g-s Jj\ 5 6:tri;t ;1b ,.
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'53.;,(Bvme 

and Bellows' l99l) r:-1l: 1;o-

;:,t--:, dl---.r .il o-tt,r-.11 .-il-.c ;)! JL;- i.4"-..r-l:,L=l .,7:.;.eJi; r,
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{-2il (Gossypiun hirsunm L. var. Bulgar - 557) o ov - Jq fr1 * ,V ,Ss-t s t,,lL

.gLrr^,ir .pb .,2: r--! dl--^--o.1.6 d,lJi,- 6;Lb.l.rL; r-9, L.'.r:t, ;'-l 6)1 .t:
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ilrrj .r-i j"!' J.tS ,rJ\.:.:-f*t$",_ipl 2) _tt S ,:tJ )lf ,L- :;y 116-7

j-"l, .<,-.1j .grJ:L. L Marquardt (1963) G,t) o.ll .r eS )lS L-- >.1s, .2lS;

r)-./ ;, -,: .rrr-5 j--.i6 t .'jJJ*:.iS L i c-t-i r-.jl)l s-U Fl: Ui:;$
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r-: Jl"'.iq 9 5,; ;ttn,rl -,,-l Ur .5 +Lj..ii; .-j, -(L-", .5\a,13i ;l g,;.:-

J)t--..r- rlJrj ;l-r..r- .:-.lil i,-oL .:+U ;,,-l ; :j, lr-1_1) ! o-...t Li, _,,r .f.t5 c,l,-i
(F= \q/10 ,lf= \ J o tP -- ./.rA) r trJ !r-9.)! L r--ati,.)r ,|,5.:,1J-= 6./lL
.Ji,l ,JK-., .t-l-+ dL"^rilr;: ,<5 rl: dL:..: .rjt---,- ,r4j.eL'.(l JJJ-" lr J<^i)

JE-n,rK--: ;t; ;,"lJ,i Lr 1i; Ur .r;r; qi-- .rF) .|,U .51.;15.; 1tj ;l .'lJit*;
+- u-. .2t .r,: jt t)B t) \r-;-t.2; -gtr.2t(: lLj jl a,rij .r,Ljri iljrt(:, jl J;rl .)r-Lri

r1[i.J-: ,6jYL JJJIS-:, jt -Ul, 6lrb 6lr!.E aia SjJJ-:6 .dLL, :,y Syr-:l6

rlrJ ai-- 1A-- s_sy 1.2 .9;.:* 6tra.-,.Ja ,rrL5, Ja,.l; .s: 3 :y f--t 5_1e.l-1.i5 9r L

.:l:
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.'jrJ---is (A) dt------ .5L-----i.r.r) .r (Q .f't----J irr'-i> unL--'; ':--.Jlr r J<-j
, .'1 J(L-r f)1+--------" l-j Jrl u.:- JtJ r, \- Clitoslelhus arctatus

.(Bedisia tabac!.\

Fag. 3. Functional response of adult ( O ) and maore larvae ( A ) ofcllor's thus arcuatus to litst -
tburth instars ofBerr8ia raDaci

6t .5jJJ-:.6 6l- )l ,.t-:, o-r,ol-i,-r-Li (,LrL}SlJ ,/G,# .t

r-5 c-l e--:(: ,rtl -fl\:.rj ljr L, ,lC. arcuatus t H. vatiegata C. sePtempunctata

csli .,-.lil ! gi; ,..,1":lril ;l .5, V,511(jrrS) L !.r-: r;ly) 6ri); Jt':>'l

dlrl) i.l;.r 6tr5.29.r-:-,6 ,,.lr,L:, .(Hughes et ol., lg84) +L.,r;-ets dh rr"' l+i

^+ ll*' .gLr.-2y ,-,i'-l;il JL.- .2: c1,-:- esli "iu 
r: glr]i-]' J'ti .r'Uli

JtJrH., ,sl-t\ 2*.K-.1;" ;rr (-r,*ucsLn.l5li 'aJl .(Malerus, 1994) rl:itu'

e1t * dt-^d:slj Ul ,(t{olling, 1965) -u}-:.r. *J -b , 4J"')t )\ r f )K'



d4--J r[rj ;&L" t (?"1,) .;[.:--r Jt ),(a) 6S Ji--.614tJ ,.r,_irl5,\ JJJ-

6ta5-13-r--:;6 6l r- :-"cl- Y! ol-j ir-l. JJ .-^; -rl(: (J-r-l -;8" ;*;)
C. arcuatus j H- variegata ,C- septempunctata

Table 1, Instaneous search rate (a'), handling time (4), and mean number ofprey (different
nymphal instaB) that could be attacked per 24 hours for C. seplempunctala.

H. vatiegata. adrd C. arcuatus.

..1',l!

c/rn
(r^)

h

Handlitrg

(a) j*--.
hi

Prey lifc (rges

2a.10 ! (160) 106.7

9b.5 t (120) 6l 7

I d.2 r (Jo) 29.8

005d.0

006d.0

022..0

05lab.0

055ab.0

052ab 0

3e.l I (20) 12.3

5€O I (16) 4.6

3d.13

2l7aA

075b.0

217^.O

066a.0

049ab.0

(J"5.Jj-)

(J.is,r:-)

(r)))

6c.1I (60) 11 2 0lld0 0lld.o 052ab 0

9cd 5 1 (60) 16 5 027c0 027c.0 070a0

c-l .J,.i il, .i-l-r _.2r .,-lJJl(l 6l_t .rpt _.2: 6lorJ rl-l.j Fu- *

* The maximum available prey qouted in paranthesis

4 y._:, _,1. J ; )\S-t it.-:> Jt,- Lfu- J,;-.;= ,=-l )" n-.,;L--l j, (lr- L-t)

jr)lf o.l-l 11 6 6)tL a--.i ,(Murdoch and Stewart. 1975; Price. 1997) )-lt)i|

;:U s,L;li lr- Lt ,.f$ 6trr5l3 l.;i .Hassell(1978) J (1977) jlrl(-^ J Hassell

,f;L--> at-)J J).x-jLLr" l;b l; n-^J 3 j tl6;,<--;,; rJgr,, J-:.1J45:

L r---:l.r 2r n-:, ,3L-"c ,s4Jl ,,r* 6',.1y ;l di+ )l,L*j )l S )\S; sl^S )Jr;-B

a-Ll, ri (Dixon, 1973) o:l-.: ;JlJ t.r-nL:-;.-l a5 J:_p;,--i; r-i .":- gta.;y

insects2{hrs

200a

3b 83

5c.45



).)V. J.a.t -)t r(.1 1ra.y L..r-,1l.l c-.LlJ", (Aphididae) !lr--'1l 1r5.,19-t-:.i5 ,59j; L

)l ;-;r..^-+;.r Lr,SJL {L ,S.Jtl ,;- 6L-e,.;2 c^-i*; jE.1U i-oi 
'}'trt 

;

.9tr5-1er.:j5 jp;l 3.(Artetaf., 1983: Horowitz el d/ . 1984 ) .--l ;i;;- S\tu],,

l.^{-jJ,t rL ;l ;:2;\1 - c-* .t: -tyb oLi rlii jl C orcudtus tC.septenp nctata

, o2f .-i JL-.-iLi. Jp .1: ;.5 (obrycki and Tauber, l98l) rJJ.r' )lJ'-+

rjyS 3: UJ.(Majerus, 1994) )-)lt.)iJ u'.Y €l; jl jL^g r-:) J--'j J-lJl

dli .r:"tg J, r-i )\-S ) ;i",5..r-J J;5 Jrlt, Jlie t r;li,r iy 5;2t:'S

g.;.1: ..51;l: tr5;;-r-:6 6 *t 5a; ! lj) 4l .:-\ CP taslt r.:r- .-:'-'-

iL.21 Jlj-* r- L!:.; ,j'jL-.rr+ ,3^:*11 .-l'ii {tl o: ) t.ti .t*J t\': J\f

;l u4-i -* S ,* r'"1;-lr,'"lr'L' (Dixon' lg73) r;tS \s' -' -''- \;i u"a2
t^5jJJ--:5 ,:r.--..a ,5;L.,r-s,-U.21: c]l'ri bdl,.$ \ t 6,ll .tt -'iL-' Jitr'-rJ 'iui

,-L- c-l q;! d+l.l.r.rl .tt 5 t:f ; 116''.. LrdJli'r.;;-'-+ !6 J;S :jL:"'

,5.r13.:L; -r...]3a;l;L dL^-,.:r.:j ; l''- 6lo';-F .f )--; +1 S--i j * JrS .11:t

c-17-.r. gbe-!r, JL!.,): ta5;3-r--.:-i' ! J6jL I r;.,iE J,lre -'l.r;'c r' Aphelinidae

.---i,rUi jli L;J-r,.5br,Li7.,r: .:...".1 ,1'- 6^il i.1.: crJ rl(;ui i"iL;

L LJ 1(u.rj;-11-,,! r Jt; )lS:),.r* ''(;;: .t*,-i;5e.*:.r-E 6trr5l3 r'

J;5 ,.gLre,U7 .:-,.(j 1-.: t Jt-) *r J-t f )t 63- ^-S 6* t 'r']t.r' ''rl":;:'

L,|jtij., l--.? q-..:1 .r:se, r e*l,.rL--j: i-:,-? F--rq, J!3 o..)J lr"'&-j)t:
.-6E-l, -2r ,r-ll t r-p ,j.13 4-*,-rL;r .roU .5Lrr5lj uiL-jrl .,ilru' '-ELu'

,r;,.--.:-r-- ta-i1 jl-r;IJ ej.-tlil J (4L.> s*-. *i! dL^rLl^l) jjl I

6 c*:l) r-i c(: ,,1 r, +tl -&, ;rL ;l .(De Bach and Rosen, l99l; Enkcgaard' 199'l)

,-!j,. L: {-J".r51J, Lr Jl i--l .:":,ir,;t*.F ',}*- 4t; JL g:-t;'.}'lvr

6Jr (eL:.Lii lL-"'jl ,rti1<?) j.-2.tt c>Q-c a ",,:! 'r!--r {t:L. nJS r ili

,iL;Jl 3;)rl-- Jr].. l',s ;6 x.llJl u, ;io 'r* r*r 'i-.3U 6b-;5l-1

.(Arx er al.,1983; Yano €t a/.. lgSs) r;J.: d j .)' -t" 'l.L la-;5l-1
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.gui -u-;..u-.:r.)t ;YLL +2-a, ll_11 1Lc,':.j- -tlt; rti;t Jtt-I;.jtJ:j

gL-+;t .:,U"i; ;l u:4 6 ,;l> c+-li gla;l 6.r-? .t)t,lJ ju:,t JLS 
,(F-rt 

,,S,
.:.r[i.i;6r*;, ,-:1.21*1 6y;t.f!.f J.9t q9aJ-1t33.5tr5r 6rjL_2 L eJa,l..,-,: o;r.-!

.-r--:J ---;l)7 j ;",'U ,,.,r; i,u:i, J l* ).-t).r,}-l rl;i .K:;lr L,-:s .9c.
6Ui,.r..t" 6lr.52t(-.o jl ;+;..e.rr;', ;tr)J:) $r), flr. )t aJ.-j,_,,t r, r5,*t
.dl ,ai .:,Li;r J p)t t.-ls F_r:.UJ ,); tr*.- !J-r. .at j;_t.g.rL_e ,5:

.t;a 6i$-t.-

s 1lo t-11,.r,1-r .;rri.t31;L: I 6j:.:l: ,6-1E io ,*:.rt5.r:rl3i; ;t:
..r.)-l rl;l .8--:,::tr ,.r-L:.; :t-l ,.rrh, ,s"* -Fr,Jtl ,-,UJ>.j

u;-^Ji Jl- .'l .(,-L-l .:,1- l:-jJ^ ;-s) .Jlr+, ,eLLA., J pt)c -t-tl
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