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ìry

ärnes'c :-rrt¡ru.:: irìa:/ ¡isco.itiÌ¡e

,i ii.ii'iLlii:lrG|îriìll ûir'ìr:rrl rirl¡'.iic,lii 0ll' ¡.r¡|IiJu! ¡'RiüÌrr,,äs

ì,ii:iÜ.!il ûtl li:iLi BIC).i,u(:iY 0¡r îii;il C"rlCUi'IlJÍj 0r.¡r1l'u ot es,r,es

(Gtì:U-o'. ) .,iíi) 0r;/_Lrt o,Lesi es f eri'u.g.ine_'u*g (S,Jlj.r--,1" )

fìre purpose of t.his inves'bigl,"'cic,:r v¿es ,ûo le¿rrn sojlie-

thing cf tire eff ec'os o-F iitil linå f-r¿:cticns cf brea.cj. l,¡ireett when

used a.s food:.ried.ia on the Ì:iology of ury-ptol-es'bes'¡u.r'cicrls an6

ir-¿:v-^ì. n-ì ^ ^.4-^^ +^-..-^'-, Âì .-^.. ^-y{y--,¿r,-u--'ei¡ucÈj rúrr!iär-Í1u.1,-*i-@ i-cst of t]t" -.*""ir'.**;;;"æ
in -i;he l¡¿borcriory a-b coniL:olled ter¡teratu.re and rela'';irre hu.üi-

iilit:f , uìi'Le e:rperirlent !',¡es rlone in a floi-rr r;iiil r.¡here aåu-l-ts

of bo'ch sttecies were cageil j-n selLled'i;j-ns in the rriLchines*

:i.-bctal of three grucl-es of i'cur riilling fr.¿ctions rlere

used. as f ood rried,ia -bhroughout the investigati cn. rt ceriain
le'¡el s of ter,rire r,i'úu:'e and, rei¿r.tive huiuid.i'c3z the f cod.s signifi-
Ctr.¡'l;l;¡ .r'l ieferl t jte fa-'i,e Of fi'-rr¡-I rir. ¡rri o'ri.r¡irrq'l ^'ê 'í=r+clil^óì iJ:rr+!vvr vs ur:v rsuv r!uv v:vrJ.:grf u, uL1¿ v Jv+¿g vÀ IvvLltr-q!u.)'

c'i irctir stteci-es of i-nsects, In-bire IeiÌrc:rator¡r, ri.nd.er con'rrol-Ied

cond.i'cicns of teirli)er,ì-i;li.re end. rel¡ì'r,ir¡e iru.r,-i o.í"¡:,r vuìrich \,i¡ere

eo.uivaien'r, ì;o tirose o'nt¡linecl in riil I s'bccks in L:iil-Ling nlacÌrine-r]¡e

bct,h C-" -Lu.rc"i_cl,rs. a:r,J 0 " åe-rÍi:..gineus. ¡roûi_r,ced. 'úiie il-os1, of fs-pring

in 50 ila;tg On 'ülLe '¡ailings -frac'r,iCl:.Lu fei'.,e:c Or:. "i;he bfeak ¿lnd. I ol''/

grad-e irnd- x.uch f er¡er crl 'ülie i:iíiliÌ.I-ir]gs fractioÌ'r-. iiirei'r rel."ued.

C¡' .BRE::.il

t urc i-cu s

itd.iviri-u.a-il3r in tl:e -i-ab ora-o or;r, ü n f erru¡, insçg 1 arv¿e ûeveJ-o:oed.
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ljiore i:ar)icll;i ¡irr-rtr d.icl ú " tu.rcicu.s I ¿;.3y¿:¡.s.

ì'rhen reared in seal ecL co::tainers suspend.ed r,'¡i'uhin the

iiil-l ing inaichinerSr, 0 n tJsqi qu.s_ lrcd,riced rougnly hal_f ås :iia.it._-ir

oïf sçring as did. C ' ferrugineils, C o turcici-is increasect ¡iiosi

2.,'¡ -,r i Ël I r¡ rr n.l o'n 'ril"*u ."*.t-t""- "" ;," '.""o. ,"d.ciion. feï./erev v !çrr9

on ;'llidd,'l ings u loïJ glrrìdeË encl telil i¡i,gs in descei:-Cri.ng- orcler"

lriddl-inÊ{s r¡'¡as'r,he best food;rrediur,., for tT:e increese of Ç. í,e,"q-

ÌÌi?,r]]eu.g; tailings, lor¡¡ ii¡:i,:.des and" breaks rvere less su.itable.

'r*-îU"t cf frac,t j.ong Ê!s tlle;;r affecteü 'úhe inc¡:ease of q,

feq.rrig_=-fieus_ is clifferen-L tiran nios-i; cr- i;i:e oiirer results, ¿nd

;'* -.* -o '¡ne f¿"ci tirat 'ùl:e ccntainers u.serl io hord- ,cne

inseci:s lvere seeled..

I'ü is en es''ca,l:l is.h"e d faet j;irai; C " i;ri_rcicrr.s is an ecoÌ1-

onic pest in fl ou"r' iiiiils in teii'¡:eraie regions cf i,ire inr'orid-.

The corr¡nar¿ri;ive results obtu.ineii- in t jris 'ì nves'1;igation inrlicate
that on 'ohe basls of i,ne ihree críieria - rate of d,evelcpiiientu

su.r'viv¿il and fectr.ndii;y - c-"s dete-r.lrined in'¡iie laborei;ory, C,

i_"jqgg+¡."r9 rí,Ð..r,2 ¿:.1uo 'oecr:.re a r;.ili pesi in tjrese regicfl.s.

Cn '¡he basis of ra'ce cf d.evel oo.i:ieir'c of ç_, ];u.-!ci_c!¡s,

firl,li rvrr-: ti nrr .\? a j or. 'nÅ y^,ct n'ia il

reireated. once every rour n'eeirs if each generation of the insec'b

v/es 'r,o be control Ied " ;',¿:.chines contaj_::_ing 'i;ai-l:lngs anil I ov,¿

.qr;d.e stocjcs wc'-rld orol¡¿bli¡ be 'cjre first to shol 'i;ir.e presence

cf a bi-ij-ldul in ltolulation of C, 'üu.rciclr.s.
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ihe rrvritet: trj-s11e-q 'ijo 'i;hank his ¿id.r¡isoru Ðr" .:j. J. Tlior_

Êiteinsonr,.rrcl=essor âncl- j-leåû, ïeitiir'rlient of iintoi,:olcg.yu üniv_
eÍsi'riz of r,å:ri'bcÌra, fcr his ?retpfu.t su.ggeÊ'cicns ancl guidei.Lce

in t jr.e ï¡:e,J¡;ra'i;iorr cf this 'i;ì::.esis; : .T " i-,yl s "ioitäÊcn åìïlcl r::t.,

11.lrl1s ;ìeiå of tÌre .:'u.riÍ:r¡ ¡'rou-r :,,it -i-ir-Lij üo. icr ailor.;i::r¿1 jlo_r-
-b icns o.,.'bhe eliu.d.i¡ tc be u::icieri;alie;:r i.n i;rrei:: ,:-l-¿.n', ¿nci f cr
st-tnrrr;¡in¿¿ l:er-binent rii-li:rg cLa'úa; lr, J" rr=-,/i:re ¿ind l)ï" J"

;6.r,;].-rs-i, ef r r.r.rain -iì.esee,rcii iirl¡ o::ei; o_r;V , Bo¿rrú o-f il:rain ü or,uiiss-

ioners cf Üanad.a u u:td er wìlose ciirec-'c ion -biie cner-riical rl,et er-
l;tirlaì:ions c.¡, '¡he irriil iylg f'L::;ic'cic;:.s tyeTe iriad.e" :Lire e,ssis-b¿nce

oi-,.r. i.r",{" l,ies'cc1al in eil.ii;i::g ihe r,i¿¡.nu.gcriri-b is ¡iJ_so gra,r,e-

f ri l- ly ar c Lenci¡¡-l e iì g e Cr .
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I, i',cistu:r'e coiÌ-iient å.nd chei,.icai äe.Le::lii¡rì,uion ,Jf

_"tro-ii eilt, asjle f iber and. i¿¿-'u ccL-tj ej:1,(, c'f ,u:rree

glt:ì-cles ci- Íou.r t,ril'i 1n,?, trac-i,ioüs o s â ø " ,¿!

Iï, lenÐe::¡Itu.re o:f ¡:Liil stocl< 'úal.iei.L -Êro.il, r:vi'i;nin -Lhe

ililling ìris,cjtiner;/ ''ior eacn cf fir¡e r¿eeÌcs 3,s

IIi. .,ir-berirpera'utr.res 'ùiil;eil oä'ú,aie roll- tloor of a

\.iinnipeg :il our iriil I each dii:;r i;ne mi r I i',¡as in

oteration cr.ur'ing eigl:t rqonbhs oí:' 1965 2r.

Iï " üolitJaråì'ùive sÍze (irrin, ) o-f egg-s of ü " ti-r.:rcicus

and"J.,.Sg_u8_l3g-Ll_t o o ø ø 28

': . ïïf ec'b cr i, e::ilrerr:.ture ¿1nd. re I ¿r,'b ive iiu.t, iri-i'b;: oil

incuÌr¡i,'ü'ì on lr¡rd- .lrtortalitJ, of eg,i,s or t . 'r,ri-:cc-

ì nrr c >ì (ì:lVLl U ø T¿ ¿

lI. ¡¡rte cí' aì.er¡e1o':l::-en'; (d:.:'¡s) or ),'¿ii::cicu.s otf

-i,hree g::u.des of f oi,.r: , -il ,iri:, f r¿c'uicns i-:'ú

gOc,r' " anil 90;¡ iì.Ìí 
"

/îÃ
-.J

7II " iia'ûe o-i tleVe-l oi,'nen'i, (Õays ) of Ü . ';n:rcicus c11

three griiCes cf j:or,r.L: lli-Ll i¡¡j j-r¡"c'¿ic,ns ¿'ù

B0o-', ¿'-ild. t0 -i " .

vi"iI , it¿ite o-Í' ci-evel otr¡i:en-i: (dlrrs ) oi: il . ,;i;¿r'cicus 
o.i1

tlrree .qr'åc,es of :ioLr.r i,-'iliin¡f ireclj ons ù.'o

-,^rì..
'l Ç)t.,. end 90"'R,jj, o ¡. È ø +tr¿

':4



:l-.ri ,I

Íj:, ii¿rie ci cieve-i-o-i-)i.iiei:.r.-õ (da.:ls ) cf U. 'Lu::c j,cus otl

vi ii.

i'-iiì-ù

-bì-.re e ¡;.r:;c1es c-f ioir.r' r,;i j-Ii n¿l irac i:io¡rs a-1:

a..t t-aì0.,.. lrrt 90. .8...ii" ê 6 õ É " 46

i.. -.re-r cei:Lt -qi.r.r1ri v¿l"l o,f ü . i;u::c-ì cu.s o::r ';Llree q::iräes

of îr-'¡i;"i: r,ril I ing f r¿¡ci; i ins ¿.t gOol,' " e:i'icl 90,, i. li " " +'i

lil " ljer cen-i; Êì-r.'r'',rirr¿-L c-f C ' 'ùL¡-:f cicLL.s olt i l:ree ,r,::'¿Lrl-es of
-icur i,Lillin¡g i::¿-:.ctions .¿'ú 80"i.'" í:.iti.i 90;r lì-lI" 48

::íIi. ':-,cT ce:-Ì'û -qu-ï\¡ j-r¡al of ú * "bLi¡'cicr-ts on tirree ,qr¿liies oj=

i:or:r rlii i -l-ing. fL:i:c'b iL,.:is s.-[ 7Oo,'' ¿¿ïld 9O;r 1ì,.i1, e @ ¿LL]

;iIII , '-|er cent su.rvi-val c.f C" Lurci.cue on 1,h:ree i:.i:¿cl-es of

f ou-r ¡,ii I -Ling frerc'bi-ons at 6Oc-!', art,cl. 90 r ;ì"lr " 50

;íTT " r,.e¿iÌ1 :raie cf c.eveiorli,ieilt (d-ir,;'is ) arrd j)er ceir'Û slr-r:v-

ivai of L'' 'i;urcici.ls on rcur i''il lin.s f ràc'¡io;rs ð""1,

f cu.r i;elioe-r:¿tllueÊì and 90,5 iL. i'I- o o ú ê " 5)-

:i,'l . i:ìate of c-jevel cj:L,,.en'i: (da:¡s) of C. 'uu.rcj cus on 'r,irree

8.r:ir.6.*u c'i :iour i,,i j-ii n¿-: f r:lc'úi {,'-i.rs ¿''1, ?0o."'" ¿í-ü

t", f\ É ,4lv...r -i.!s,!fo o þ d ø ¿"¡

:i''i'T- " ;:rer ce.il'ii -qir.r'r¡ivaL c'i ü u 'burci cus o::i ''uhree grad-es o-f

j:'cu.:: r{J-Ii::g fL:srciii.rits s'ù 9Oo-¡ ' crilii. 'i Ori; ii, ji- ø e 55

j'i"ì/II . i-ìr:'ie cf üe'v-elo-iri,:eni(d.eiys) of C. fer:cr-rgineus on

iirree graúes oí- j-cu.:r: :riiilii:.cr 'fractions a'û 9Oc.rr'.

¡;nd 70';, ,),"ii. ó c ê 6 56

iÍ.TIII, .,,er cent i5uiTvival ç-i-' ú* fe::rilg-ineu.s on ihree g::a.ües

o-¡ ., c-ru-r iJ-Ii;r; -i'r¿¿c-ûic;rs ¿1; tOc.' . Ìtld '/O,L ,-i.--. ' ij'i



ì,'t:r, I
1 *_tr!.'Jff

llI-ri, i,eiiil r¿it e of cievel c Dr.jeíi'ù ( d.;ti¡g ) iLnä per

Su.:fvi"\¡al of O " i;rirsj-cu-S ¿ìjlcl, (_).. Í-e,::IuSJ.

oir ïou-r i,riì_l_i¡g fr¿c¡_ì_iiilg ¿t-i; gOoj " anü

i:ì i'l i:ì '.-t 
^ 

i. o a',-tJ.'l)vL

. Í"e,r:{tlS.t49qÊ

?0i¡ iì " i{. o ô

.lCl, Enviroi ii.eni,al indices as

ì:irit¡r of forrr riri_l-_l.iiLg

l:ient ¿nd. sürvival_ of C

í{I "

€r rrìêa,slr-rê of 'uhe su.it¿ì-

frec'¿:-c:rg icr devel-cit-

. tl-lÏcic"crs e.'ii f cnr t e:.r:.-o-

5B

ef a'útr.r:e$ anå 90 ' Lì. il 
"

,Tnr,'iL:o¡r illeil'i;¿i i::d iC e-q ct"S Ð, j,re aSL,.lle

bili'o;r of :f ou.r i::illinË, i'racticns
t|Êj:l',.; ¿.na suf-vi u¿ìl- cf ü " tnrcic¡:s

6'7

cf 'orle si-r.i-ü¿,-

f cr il.sysl s-r^,-

¿'nä C" ferf^
èo4ô

:'aiII, iìtu¿ber of j,rl aduli;sr I,l"cii.nced, on tjree ¿_i::ades of

f crr.r rr-LiIli.:rg frac.bions 'ay 25 1:airs oï acl-litts

of il. tu::cicci.s in nine weeks at gooi * a.nd

TiIII "

70;,i i:. " il'. o ø

iruiriÌ¡er o-i d.ays recii;.i-r:eC, f c:r .,',1 ¡jeÌ:er¿ìt j-cn of ,J *

'i,urcicus tc .Llisi.tu.re o¡ 'bhree g-r:ailes of foirr

rir.ilJ,ing fractions aû 90oj" iinci 'lû,,8..i.. y'ò

.r:iilT. -een nu.Lr:,bei' cf .,.i1 ¿:.CLul'i;s forr:.teC. and. 'r,jre iLrea.tr tic"e

requ.:i-reri to i.;rco,utce ''ciiei.i b:r¡ Ë5 pairs of aûi,il'is

of ü * tu.r:cici-l.s i::"1 ni::ie ii¡eeliË on tirree g.rã"cies o-f

i:our rrLil li-nÊ{ il-ractions à'G 90o¡J " end ?O ; it.:i.
jfiV" iìela'bive envirr-)lr*rerl'bâ.I indices ¿rs äì úeaÊìLr.re of

bB

74
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.i-:Gï

snita.i:il it.,¡ ct: "ui:¡-eo :iiteües oï _ior-ir ir.Li-l_t i,ni:,

frac.b-ìcns .for i_ri,ccr-rc-Lic-i: cf .:,, iidir._Lis cf'Ç,

,,i",iïI , ir.'eå-n ellviTofL,ten-bai ir:-dlces ¡ìs a lneasure cf sr_rit-

aÌ:il i b.:¡ of f crr.r tril li;:rg -Ì.-t:¿.c't,icrrs f or i:¡:oc,Ì.uc-

''uicir of ,'1 ac1.ul'i: s of C * 'i,urcicL't.S ì:i.'ü gOo-, . enä.

'lu.l-ì.Iì, @ o e Ð 'i7

);:)iYi I . iiu¡:ber oÍ o,iïsirrir-rir. ¡t::oci.u:ceu _i_n 50 d.a-r¡s b"l.¡ one

j-'c,"i-il cï riCru- l is or ü " i;u.L:cì cu.,s on ihree graües

cf ioar liil J-in!. fi:ec'¡icns a.'ú gOo_j. ¿nd. '/0 ., d. ii, yg

;',*.aïII:i . iìt"tr,ii:er of ofj: s-lring i:::oduceii in b0 cLa,;,is b;z oile

Deii: c:f ¿¿ú-ults of ü" Ierr'LLrÌineus on ilrree

¿-::a.cres of fou.r ir.ij-i-i¡.g fraciions ai;90oir. eäd.

'70,: -rt"i.i. è o 6 ó 80

ialiLìi" j-'otal nuiribe:: cf e,l!ls ter ïelial-e of ü " -ûrr..r:cicr"Ls

on 'ü-flree grr,o.es of f cu-r i,li j iing -f¡:¿lc'c-r-cils in

ser,,erf weeks ir'ù gOor' . ¿ilil- 9O',r !i.ii" ø 6 8B

-t,J,{" .ii,.ean nriÍriber of ei-rgs -r)er f eti.:ale cf: C" tu.rcici-r.s

cïL- 'i,itree :!:it"d-es o:i f ou.r' :,:i I li::ig íl rû"c'çicns iil

L:even weeks ¿'b gOo:i'' an.d 9,0,, lì",1î. @ a 89

)lilil, iiuuber o:f eg.Fts t)er fehiale -irer lveek for ü.' :39-
cicus o;r ihree glrr,'-l.es of Íorr..r lil-l-ing fr¿rc-

ì;io¡rs ¡lt goof " ei::.iì. 'iO, P."I:i." 6 ô 9l-

,ii';ì"II" i:ltiiri'oer c¡'f eggs i-'er :[e.L;l;.] e -oer -,;l¡eel; jcr U. f err-



j-c i

3"G-li
f.ì -]]ï -rìJ. il l-riJ Iri

-üii'íIII.

.'ililIIV,

-ü'ili',/I "

TC|TVITI "

T-lt-in-euê olL 'rihree grî¿l.ci-es cf
'i, i ons eï 9 O c-' " rilc- 'i û. , :i. l:

j..;är ._i ì iirli, -i.tLc_

liea¡i nu-riber or ei.BS ìler re..iale f oit 10 feli¿les

f or ser,/eil weelcs f cr' ú, tu.rcicus i,''nc1 0, f ei'r-

li¿jiilelr., oi1 trree gradLes of four r,iil iinS' frac-
, ^..41-r,i-cilS ¿:'0 !'0".,'. ùilci'/O,¡ -1 ",:ì"

i. ean i'tu..L,:ber o'f el.3s Ðe:f fer.j¿-l e l¡er tieek f Or fJ.

'uurcici.rs c¡lr '¡hree gr:;.åes cr' ic;ur ¡lil i:inr_q -fra.c-

ì; i ons a'ü 9Ooi, , aîLö- ?O;; rì " .i.l , 6

ii;i;1iv, i:a&n nurlber o-i= eg.J:ls Ðer Í'ei-rale

ïe:::,:tr-gil.eüs c;_L'. lrr'ee ¡,r'r.iLes

f -rac"ai- ons a-ij gOot¡ " ¿ìi:r.cì ?C'-, l:i-

Effect of f'cod .t_l;i.rr,icle size cn

eggs -per feitraie ner lreel< io::

ciñ

cJ9

9Oo!' , Lr.nd- ?O:,' P,. i'i"

;f:UiVIi. T:ifeci cf .'¡occt j-ìÈr1iicl e size oil 't he nu.iiber o'¡

-l r.ì'loeJWI

rer' i,veelc :ìlcr ü,

ti.-io o o

)tl^¡¡a Lllli rÌaôr. n-i"u_:v rrqir.i.vvr

LAð

0 . tlircici-ts e'c

1r0

r-1¿

eggs r)cr f erira'le per rveei'i f or Ü ' i-eqrugineu.s

ai; 90cl', anii- ?O;r,. Iì"H" ê o o 6 ô 6 s 6

l.,ean lti:.:ii:'oer o:[ eg¡;s Irer f e¡,.a-Le l.,er ivee]; f or

seven r¡ee.i<s oi.t coÐrse - tiil Íii:e -f-coù 'f cr' ü,

turcicus aniì- ü":ierrlr.p.ineu.s ¿ì'ú 9Oo.l¡" and.

7OrJ iì, il

,;;,I .a . lìtr.:.1'o er cf or=r s'jlritig -rrcd.uc ed"

oi o'i1'N ¡i.Lor.rths in Í'lcur i.'iillvÀ¿rl

e¿ich- rilotf'üh f or

roll s'r,¡:itd.S l:y

1I4
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i:'.].GE
i:l.. ,]-i '-1
i¿--J!-|l

l,wc ')airs of adirlLs of ü* 't,Lrf'cicus on tnree

gr:ad.es of four.i,.illiil-1 frac'¡ioris e ø ø @ 120

-Ji.Cí" i:r:.ii.be.L: of cfrsnrinir Ðrccluced eacir ::lonl;h f or

ei,11,ir'o lr.'cn'iìts in i- ìour :irilI rcil s'1,ands Ì1"'/'

t\¡,'c ili-Lirs of *ilul'bs of ri. ferrtrgineus ot1

'Lhree graäes cf rcu.r i,:r.i-l I irrg f r¿lc'Lioits " LZ,L

;-.il'-.';I" ilu¡-j:er of of::sprinl proclu.ced in 50 d.;;¡s in
Ll-our LiilI rcil st¿iitd,s r)' 20 ;o.:irs oi' ¿dul'¿s

of Ç" j"l4:g.iggË. and- rl,. Í'e.r:Iggi"neus. oiL 'r:hree

grad.esof focrr¡tillingfraciions ê ø ø ø ø 6 L'¿2,



r-IS'l C)¡' !'IGii'i-iElì

r¡ I GlliìE

l" ÐiagfaiLr:ríìtiC Vieg,r Of c-iirirnnonJ: -n,:-nNg Of iite l.¿nea...C

ll¡;G.il

ke::neI

z" scneliâtic clii:"9:,rali cii a geir.erel_ iüill ftciv shee,c " Lg

5. Coccons of C" -burcicus fror.L rvhich ner,; aciuitg h¿ì.ve

a..a'nraÃv!.v¿a)vq o ø o o t l

4, C " turcicuq. larva f eeding on the -L)upa vyi-bhin the

cocoonøoôoooÞo32.

:ü" ;i. nurriber cf cail¡iÌl¿r-Lj_zeð., cocoons 'caiien froni a

densel;r Ðoi)U.le'üed cul-liure of C, iutcj-cu.S " 'ö5

õ, Coüir¿.¡¿N1ys size aÌ1d she-pe o:i cocooils fcr.i,.ecl b:¡

g. 'r,urcicLr.s and- ú " fei:_':.usiqe!s (larg.er r)u.e is
g"feqru.gineus.) ôooa"'ðr/

'l " 'ype or cell- f orileir l¡:iz J" f,eJrrr-,?,_ineue lrhen cotù-

Dle'tjecocconisnct:forrLled ê ø e o o e 58

B ' :¡¡_licai LlÐlle¿lrllnce of c¿nrr.iit¿l ized. I ¡,r.¡-,r¿g ctÍ C.

'F o^o"ott o ì 'n arr cLr¡:l¿rlvv-u ø ø o 6 ô ô

9" ,lâ.r'ricfes of first i:reali stock snoi¡,¡i¡rg c¡'acirs anil

crevices in v¡hj-ch eggs a:rd larvae or ü. ferru-
rvì;rairsl .'ìiÌr hi.le a¡rf, egCape f:COili Canffj-ìfa'j f Siir o É lü5I¿#=:-:g "'"'.



0Hr.-LrI.lirì I

I I,ITtrì O I'ii ü,iì I Lìü

?he .¡¡ood and. .igricul'uLi.re c!:ganj-zà'ùion of tjre unil,ed.

itiìtions h¿is eg'oi.'r¡la'beC. that ien r:er cent cf i;l:e '¡¿orlåIs food_

gçtl¡lJl is destro.yecì. bJ¡ insec'¡s eachyeeT, .f.LÌch of this toss

is caused by insects ihai; ¡lt'cacli s'coreú û:rain :nd ce:cegi
-I:tfod.U-c'r,S' 'iirere .i,ia.-¡ be furtnef loSS of -í'ood 'r;hrou.1¡it colts¡-¡tin-

aticn b:'/ insect 'ir¿frqllen'uÊ ¿lnd e::cret¿ lvhicit can rencler 'r,ir.e focd

Lr,tti-'i't, ji cr i.ri-r.rtan c cnsnni:i i on .

i,,Lrch of 'ühe I,-¡sf;i cLr.itrentl*' suffered- b1/ -i;?re gr.ain a.nd"

r,iil-l ins inclustr,";r l:.ay be el-i¡¡.inateci- Ì¡:; raising rl.i.l I sanitation
stand,ard-s tinaì" i:r1-rrcr.ring stcrege tecirnicllies, t}::a:¡ recenily
s'bated" "sur\¡ív*l of -Lhe cere¡¡I l:rccii-rct u,¿rnufactu.rer in 'uhie

ir.i,1hl¡i coiil,retiti.r¡e f ield- wilI iiepenä in nc srirall 3:ari; otl

iris a'oil-i-ü:i 'b c ¡¡ieet tire rising s'r,.1"nil."f c'1.s o-.i lr:.i-l-l sani'';a.'bionrr

(1950) , r.ill sani'r,aticn is beccriing u.ore ii;irror'cai'1,'ù as

iiiiorlcl" ¡iia::lcets exi:and ancl Canail.i¿in g::ai-n ¿Lnc--1. i:iil l-ed. ce::eel

i1-Ê^.1 rrn.'¡a ñô:ì-.\e-'f,e fVi'C]f OfOd.Li.Crt,S f:fOfif Otj:ef COUnffieS,-lrL ¿v.

å¡'e*;pgqlrlej+

llh.e ]lu.rllose o-i= -bhis s'uuä¡r ç¿g 'rlo t'iJteli'¡ to ieli::n

sonethin._< of -¡he effects c-i= r,r"illing frac'bicns a"s f ood on '¡he

bioJ-cg;z o-f 'ulie fl-¿r'1, g-rain

i)'¡ rì .i-'i- a -n:r o-l-:¡ c -cf ì :r h o o4: I a..ùflLl t/ il ú I Ll !: U.'/ :-.¿ G:Ia u \, v U ! ü

'i -f eVi el¡i cf: '¡ j-ie li'r, ei:a';LÌre

lle e'ù le '-:r¡¡l'c c-Lest es tu.rcicu.s ( Grou..¡ , )

í;r-7 rlt ole-o'ù es f e::r'u¡i-i:eu.s ( .-ù e1rh, ) "

*"-'a-a,ar*a -t't,.,,",a-r iafo::rrL¿-



't ion on ine I if e his,cor.;; =-ild irabi'us of ü" tu:.rciclrs, -'ln ¡td.d.-

itione nog'r, of tile i:u.-i:J-i-sÌreci results are biiss6 cn labor'--.i6r'.r

inr¡estigri'cicns t'¿here tile fcod,,nedia- r.irere -LÍliri-'cec1 tc i¡,,ireâ1, or

lvhoieuea.l f I our .tlus i¡es;s-b u ånd 'u]:eref cre cl¿:rnct l¡e rel ated-

'úo act ual l¡rill condit i ons 
"

The ìriclog;;¡ of t. f er¡qu¿ineus has been inrrestiga,oed

Ì'liz qêr/ê-r.eI r¡rn,.J"r pvv ç¿G4 u,-rlieïs (rìj-;"'r;; at--, t *shon, lgbg; liiiii,uh, l-g6¿ )

lÏir"O hAVe reaorted on the lj -f'ê hì sf n^nr¡ ¡i= 'che inSeoi AS d.eter-

i¡iined in '¡l:e laboratoÍti. It is not lcnorvn whether ihis i:rsec'ú

cån beco.'uie es'úebl ished. in :il-l-ou-L: iril is in -'r,er¿-Der:rte reqions of
-i;he i¡,'orl iì. "

Ti,ri¡c¡tenc e of tlie g'¡¡r,ct l/

Cry"ltolestes tu.rcicu.s is an ii¡,iircr'i,ai'lt ¡es-b of flor¿r

¡riijl s i.n üan¿rda anå r,iaily o'tiher r,iiJ-J-1ng centers cf '¡ne l¡!'orlCln

Jrl¡/otclestes ferru¡lineus is a ¡lill pe,st in 'ùl:e u'ro-i:içg c;.od.

"" *-tr"auat* n"s-r ", *"t"* ,grain in 'ùe..-,-periii,e t**roìlso I'ù

is :-.resent I -¡ ìreLieved. 'hhai tiris i ilsec'r, lrii, \, gain ac cesg t o

r,-:,ill ii1,g iü.aciliner.' iri-i;ir incorling r¡rireat " f o devel o-ç. the u.osi;

e-flïee"t ive irietirod.s of control f or l¡c'i;h tliese species or' insects"

i'r, is essentiel iirst i;o ieaL:il tne Ii:fe iri-stor.f ald. i-:.¿ibrts of

i;he irest ,

$olie worlcers feel tha'o ür.oisture is ì;i:e

fLc';or governi-ng uire::e la¡"ge -por:Lr.l i,iiicns cf g
Ì:u.ilcl u,o in nii-ling in*ci:ÍoÊi'.¡r anit -ûhat nut-rii:

' ' ¡. a{' i : ì-- ^ ',-'i- .r . '1-J:--U r:r U lJ-llJ Uf U alrI U

- i:rr rn i nr¡ c ' rq-:rp rr:L¡/rY

ive rr¿rlue cf



,ó

't he r,riiiJ-ing f ra.c-i, j-oi-r ilas li'¡'i;re ccrrseo.uence in 'iiris re¡:ar.ct

(Ð;;tbe o L9 ô0 ) . this '¡iresis re¡cr.cs on ¡ìn investi¡i.er.'üioi1 oj: i;he

efiec'u s of i.ri-lll-ng -lr¿.c-¡ icns c:: b.r:e¡rd, t¡,i:e:,-t, u¡iie;-.1 -i_tsed ¿s f ocd.

iiieiì ia o¡-'r 'r,he rri'b e of cì eve-i-oir.-.err ü , íiL;-frr"i--¡aI :ìitd f ecu.i-ld it:7 o.r

0 " ]rgrcici:rå ¿nc1 í.). :ieL:,rrr-rg,ineu-e' a'c v¿::i cu-gr levels cr 'úe¡lïe-r:a-

tu.re and. re-La'c ive iru.iriid'c.7 i:litii a ì,rie!r 'r, o\¡i¡aril-g i.L:ritL:oveil control
i;Leasureg f or lì, ti,r.{cicuis snd an i:is[]ess!ìent of the rrossibiii'r,;r

cf ',-j " f errnginer;.s becc.,rr:l:i a :,-il I -'est ir: 'úer:r,)erate ::eE;ions of

'0r." uroJl*_

-

i,.os't, of 'úlie e:cperii.rieit'c¿iI \¡iro::l:i tr<is i'i one i:l i j:e I abo¡:lr'ì; ory,

i3¡r ::earing Jrc'ch r:-oecieÐ or:r 'iiirree g,rad.es of -icur rii ìling fr¿.c-

tions i"ii tr¿ig Ðossiìr-Le'co in¡¡estig,a,te tire e-tf'ect of fcod oÍ

ra1,e oi develoÐl,len'ù, survi.v¿ll and fecuncl.i'¡:J i t?:e rel¿l'uive i:rr-

porterlce ci' envi.rcnnent;:l f¿ictcrs such as te.üçerer.tu.r-e and, rel-

¿tive liuiridit.l' ;;',trU nrz'cri-bional faci;ors suc¡.r aEj rcod. t;ype ai:ó

ilei-rticle size on 'i;ire r¡¿te ci ii:crea.se oij 'ühe s-t)ecies"

Boih snecies \T,iere a.lso ::e¿r-Ll€il ri.nd.er ac'bu¿I fLoir.:c iui'l I

ccnil.itions, li¿is allcr¡¡ed a cc,,trarison t';ii;.lr :restil-'os cb'ùair:ed

i:: tile -]-abo:ra-i;or¡i anC, al so i-re:fi,ii'¡ted, a iricre v¿-l-id åsseÍ]äiì:ent

ot tire tJossiìriiit¡,' cÍ' ü " ferrlr-gj-neu.ü beccl,,,in¡4 ;, i¡.il I ;;es-i; in

t eii,perete re,-iiorLs ø

Cor,irra.r¿.-iive iticloiical in'iorlta'cicn concernin¿i'ohe i,\'Jo

species ¿Lnd. a ,shor-b descriotion of 'bhe -orccess of rrii-iliüg
rr¡irea't ha.¡/e been incirrd.eri. -i;o ori-et1'üa.-be the .Lleaäei:"



¿-

lire chaï*¡er ciea]-in,q rvitir generat liter:l.ti-r.¡:e l:as

set arl¿ìrJü, tr;ì:ile Literai;ü:re d-ee.iing ¡,r:ith the snecific
of tire present invesii_{:'-ti on iras been inctud-eû in .ilre

cus si cn cf' ';he aÐllrlo o:f ií:r.'ú e cl:Ei-.t er Ê ,

UUSfI

L-f UúIù

clis-
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rli$/IIii C!' GXilljilLi- L.rrrE¡)ÁUiiLii

'Ihere el:e tnree s Decies o-Í= 'r,he Eerlu.s üry_itr cl.S;s:t-es,

-l 
=' /\ Jìn-..'.r.Id..i,:€r./ rr,o 1,gl-{trËJ:lgü,Ê, ü" 'qu.rc-+q.qF ânai g-" ,r" "¡ that are

pests "; 
-;cr grain andf or ¡¡illect cerea] produc'ùs in liorth

Â,ill.erica (Bishono 1960). lhere has been SoIIe 'caxonotiiic Uncer-

taint:¡ in'i,i:is geilus and, in cer-tain s,oecies of i;he Aenus" ¡Tior
to 1955, tile ¿rbol¡e:,rentj-oneû st_)ecies ri'ere ii: iire reilu.s J,e_e¡r_o_-

phloeu.s (rarrrily üu.cu. jiäae), bu't in 'bh¿it ;/ear i;1le s,:ecies of ihe

genus lvhich attacl:;ed si;ored 1:roduc'cs ilere r-.laceú in tÌre f-ienus

ürlr"låo!-_esi;es (lov¡e and. l,efliovitch, 1957) " Sone of the confu-

sion over s'pecies resu.l-bed fron i;he d-ifficurl'Ly of setûara1,ing

ü u t:-Li.iru'uu.s and. C " iurcicu-s (Cottcnu 19ijO; I-Iorve and iefLcoviich,

1957 ) ' 
Tii'ii'a.tters (L95'ó) referred" to ü. pusiilus (Schont,) (rnin-

uiu.s) 'ui'heit, ir reality, he ivas proì:abl;y dealing i-li,uh ü, tuqc_-

icu.s, Reicl (L9¿.2 ) listeil the raorphologica"l chi-ireicteristics

wirich cou.ld. l¡e used 'oc seoarate tjre adult insec-i;s anä tsishcir

( 1960 ) ou'c li-ne d t hre i:.iorpir.ology of 'úhe larvåe "

Surve;yrs conilr"rcted" in the UniteC, StateÊ have sirov¿n that

species of Cr.l¡lilgle_Ë:^gq are cciirj,Ioil in siored 8.rain, ¡'lat grain

bee'uru* r-r"tJffiìil.oua seiiri,,orJ. s,oecies of insects in sar.rr:les

frc:.1 grain elev¿tors in Oregon (¡r'le:.rson a::rrl 'Junnoelc, L951) ¿nd.

lïere al so caugÌrt in ireÐs locaied" near a whea'¡ s'corage a'rea

in iíansas (Cotton et åi, L953) . li srr.rvey of scire tlal-ifornia
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gr¿iliâ:f ies i¡t'.iictì,'c e,l, '¡Jiii-b (j , f erl,'"t¿,inerzs anä u,* iilin'rr,cr;.s iÌ?e:f e

seconcì-¿rr:¡ ces'bs which rrere e:rcorinierecl a l_iitte ress-frecr-
-r,ientl:,¡ "bnarr rrere fj our î:ee-t -l-eg a:rd_ sar,¿*tootired. ,ç{r¿iin bee,,;les

(Liir.siej¡ anc1 l,.iclcelbacireru 194g) " ç-" ¡ri¡.!j;rJå lla.s c).,iong -bhe

J]ios'ü ccii-,ijtoi1 of five sl¡ecies recovered in roi,a-i;ing, ,ûråDS in a

g-rain stcra¿Je 3-ree in l:lansas (Sch\''ii.bzgebel ail.å ,;a,l-kden u J-g4tt),

Ç.r;¡e'c,cl es_t,es sl-.jj" i:Íer:e f ou.nd" in 45 cf 5¿14 srrics en,oering -i;ì:ie

¡ioL:''us o-l'' l ontreal, Sorelu 1,irree ìivers and ,lrr.el¡ec Ji'c;rr .l-i'-r'iitg
1948 a:rå 1949 (j cnro, I95l). Du_ring Lg¡z+, Lg45 and- .L-r4ô, ¿r

'cct¿l ct 2lj of 100 siriirs u.seð. in j_nte::n¿i1,i._,n¿ir tra.d.e, ;:¡.c1

'ii¡h-i ch cail 6¿ ín lingla¡6, \¡¡ere founci -i;o j:e iní-es-Lec. vith cne

olj -i,rolle s ,:e ci-es of f-l-¿l-b grain bee'cres (¡,reerr-r.¿in , 1r)tL,'l ) " *(J\iii ê

and- -i,eficcvi'bcÌr (l-95?) iden'ci-fied ü-r:.y"!icr es,¡eF- s1lp, coliecte,å
on slii,oEr o:i:i..iirei:ican origin in _;.ri'¡ish -oorts anc. recorded ].16

cccurt:ences of u, fe!-Ïgii:er-r.s anð, 25 of J. .ùu.rcicu.s" L)r 50

ccl -Lec'c-ions o-F (; " 'l;urcicrr.g f ouncl_ in ¡rrcd.ti.ce :fro.iir. varic,u_s

?er'¡, Ë of' -'che 
"'¡orf 

cl , .iior'¡e ( lgrs ) re-por'-û od 'r,i::i-'; --r-1r. \rf ere f i'ciri

ltortn ,lr,ieiti cg,

ilcwe ancl ,-erlror¡i-i;cÌr (Lgi? ) have slior,/::r. o, -'¡Lircicus io
be t=rltErgs¡1'6 in j:icn:: :r.il lÊ in lng-ì-:r:å, iirlr.a¡;ua;/, ,ìf'gen,,, in:iu

ú " lJ ".! " , l.o.roccou 'lgeria, Gtl:eece, 'ìunisi¿t a;:cl- rurl,;e:/u Ëjril e

i;;alron'Í (19c6) recovered- c. åeÍLqgJge_u,åu i-" i;_uirc=ic.u.-s aiacl û-.

,,¡inrr"tu.s frci¿ a -i:'l cur uil r in sco-bl¿i.ud., _l-n tliis ir1s,c¿r.n.ce

ir.oi.¿everu ìre ref e::::eõl t o ü * ¡¡.ini-rtrzs iìs å seconc'-¿ir:,,¡ leÊ'r, ¿l.nd-

dicl no'b corir.iiLen'r, on ''ciie iiipc::'bairce cf 'L::e other. ,6!ïo, j:jJ,:i¡Ê



( 1955 ) stat ed ihat 0 " turcicus lvas corr¿on in Eurol-re, and

al'chougir ii was es¡ecirlj-y abunclant in f l6L1¡ tlit _Ls in ,Britain,
it waS Seld.oit found i-,r antr' other kinci of -preliis€S" l:ie al So

indicated that tirere rvas rel¿tivel;rr litil-e rel-iabie pu.blisired

inf cri:raiicn on tÌre v¿orl û d.istribuiicn of tnis species, c "

tu-.rcicus lvas first notecL on a vuinclolv in a flour:¡ill in "iingland

by Joy in Lo"25, bu'|, r"¡¡as not recorded as being in a fl-our nit r
siream i:r Eng,lancl until 1950 (iriilliarns, 19b0)" LefkovÍtcir
(L96P,) stated '¡irat ü" t_!¡.rcÍcus is fairly cojìM.olt, in nrovender

mills in rngrand, but is noi irreseni in f lcur r¿ill-s in the

1,ropics. Iiiorve anû Leflcoviteh (L95? ) sir.id c" ie,rr:ugineu-s had

been recovered. f:roi,l iaill nachinery on several occasions in
ilritain, and i-efkovitch (L96?,h) ind,icated. th¿'c it is tjre

cor¡.noi1 rriill pest in trc-rpical countries* It has been sugges'ced

by Hov'te and iefl<ovi'r,ch (L957) thal, rrljhe food and- envÍroirr¡rent

in raachines of flcur ¡'iills gives C. 'üurcicus so¡le ad-v¿r.n.;age

for survivi¿I over other species of Cryptolestes'r.

several species of csy-otoleq'bgs- ir¿¿ve been recorüed as

pes1;s in f -l-our nLills in the u.nitecl states, lìhei:ard (Lglt?)

stated 'bìrat :. liinutqs_ tras 'ühe rìos'ú cciniloil of tire gen-us in
flour ¡nill-s i,vìr.ile 0-, fer;jggi*4eqs- r,ras less co¡;irrc¡n but -feû oll

flcur or meal- as d.id c' :.¡iinu-b-us, Í:ie record.ed. Õ_, turcicuq
fro:¡r one rr:ill in iìinneacclis " co'í;ion (1950 ) siated tÌrai 0 u

rtj-.nu,tg.s and ij_" turcigu.s- l¡¡hich is very siitilar in aj¡pea'ra.nce
*a /1 "':"^'-4"- illê,1.ê'nn* rr-r''i:;.-^êri -i\adJ-c l¡rr'l- r;,rã'(,^ cnÐ17Ã. -^-¿^t/\J !/o l...Irl-tLttrui5 r!çre rruu r.rr.r1J.I'-V llesLii IJUú -v*vvrr-.r-I'S



ir,ririci:í'ed. on ¡lrain and, i;iec.1 wirÍch r¡as oL1'ú oi:'conC.ii;iolru :l:rd-

on ';his 'i;:/ne of fcoit 'ì,ne si;ec-i es could becoue abundan'¡ in

rili11 l¡oo'üs and. siftêrÊ" :acccrd-i.ilg 'r,c üo'b',,cn (195C) , í.i u ïerr-
g-gIlg3s. lras r1Ìore cor.ùioil in ;¡rain in ;.¡re ifoi:-i;herit i¡t.:.tes' :]:

wirl'r, er su:r'!'e)j cf -Í'-Loi-r.r -i,,i I -1S in -bire ;lrif Ía'l c " lieiv líoi:jt ¿ì.j:eä

s,nc';¡eil- U " f er.ru,gineus and u, ¡,inu'Llt,s 'iJo be present iä unireaiecl

iirill-s anci rrrcre colrì-lr.or.r'i,i:¡;;r

1956)"
" 'üu-rcj-ci.r.s (,liIei;-b and- :jeiIe1,

(j " tr.Li:cicr-is is co,ì1ùuorÌli/ f cund- in -f -Lo-,-rr r..,il I s 'bhrou.gh-

oLii ü¡¿nacL¿ (:,iscoi,,.ì:e, i;.npu.ìrl isired däta)

is lllrelr¡ i.:-urä-ri" " i . ivrc ic us has b een

di-r. st ir ins in ::u.:r¿ll ,.-a::iit oÌ:a , l¡u,t i'ü r.;s&s

SIir:Ve17 of Írlrii S]:elnal:ies in -';he irrfi,',ifie

u.nd. ',íat-i ers, l96t ) '

grain in the üorbnern States"

i n sr,', r-¡rerl F,-el.;-'f\ in 12 ¡t¿i-i; es o-i'i-\Á w-

r',rcr,rince cf .|jritieji lc-Lu.l:bi a.

liori,h ;ritej'i ca :;.s i: jte c¡il ii rfi,'.T'ü

bu.t C.. '+ gJr:qgi:4qqs"

:rec overec'l- -[ro-Lrr el eViì'ù or

:rc-b i:ecLrvered. in ¿r

'i'roviiÌc eÊ ( -,-,isc cr,-r-hG

tsisnop (1959 ) -icrin.ii" tiie s Decies

'r,re Llniied" ;:i'b¿i.'i;es a-n.1" the

r,efi.;or¡i'c ch (1-962e ) re-îerred 'i, c

l,-f 'r,he v¿o::l d t¡ire¡'e 0 " 'i;Liïcicus

,: r€c€rrt sLr.r'vei' cf ;:-bcred g-talrL in '1;ne State of ì,:asir-

iLg'uc:.r s.roi".'eä .iJ. r;l1g;L*gqq. Tias r,-i::eiy f ¡i.rnd (\,ierlker, 1960) e

whil e Uctton (1962 ) sie'ueij, 'r,iiis s'¡ecies often inf estea s'coreil

-,'vou. -iCL j¡r:eed r)n u,i1ìlf oce ssed- ¡lt::,"i- rr"

ü. -i9::I!iåi*gr1g h¿rs i¡een rel¡cr-bed as 1,he lrcsii ss¡i cus

1,:esb of s'cored. grain in :íes-bei:n ijriïrad-.ì (.lr1cJ:r.', Lg¡+ð i ,.l'Lcl.erso.i1,

ì 9i;ij :, :,.t:',.,te1'i;r n -r9'ri ) - I'u h.as al sc hee¡. cDirr-r,.LoIi Lrl s'b of eä



I
g,raLn in rrinnesc'u4, J,orih i:.nü Êou-th Ð¡Llicta :.nc-[ ,,o,,ttana (_i3utier

ancì i.ickel , L955 ) and tire ìtiillair:.et'þç !¿1.l I çv cf' 0regon (\'lallcer,

1960)" ,i:'arrar and rilint (L942) si;ated. 'chat u. fe:rru.ginerr.s

lY¿ts oj'r.e of 'ûi1e -qix si;ecies o f insec''r,s r'¡irici: resu.lted. in the

i¡lost acuie store¡1e -proble¡'Ls l"¿ith sirelled corn in r-l-linois.
l,pecir¿ens of Llr.,¡ptolestes sllr)" ca.rtrr,red in tr:a-ÐÊ in a reisin
s'uoriige J/ard in Cal-ifcrnÍa (Barnes and li,alcostian, l9l¿0) lvere

later iil-eniified to be Q-. {S::gårneus b¡¡ lìisltop (1959)" ,Jhe

rlrstl¡ Srai-n 'oeetl-e i.,s coi;riíioi:I in grain ancl sto:red prochr.cts in
Errglarnd (Hou,¡eu l-951), in ijng]-ish ¡¡r:rnar'ies (Cocl,ibs iincr ri-ree-

i:Ìair-e 1956 ) an.d in r/ar j.oris prcd.uct,$ f :rorl ij', iriigeria (lJov,re, lg52 )

and, S, 1[igeria (üoi;'uerer, 1952 ) , ],efkovitch (I962b ) s'cated

'r,nai i-I" jsry!flil4eu.S gains àccesS: to i illing I'iacirinery r;i'uh in-

"or"iOg ,r"t".
lhe 'ürr-r.e irrportaÌ.Lce o-Ì crJ¡ptolestes spp" i_n grain and.

ce::eal rrrodLlc'cs I ies in 'uhe a.etual- daärage 'uhey ceu.se " It is
di:fricu.lt to assess the daieage by s¡tecies -bira-i; inf es-b flcur
¡,.ills ¿\s j,i is iiinossible 'uo cleierliiine the e¡nou.nt of food-

consu.i¡red. o:r conta::rina'ced (.i,eflior¡itch, l-9621¡ ) . , resent .¡.oocl

and. Ðrug lar.¡s i-.rol:iÌrrt 'i;he ril¡.rl;eting of con-'oaiiiina'oed_ f ood" f cr

h.uil:an Gor.surùi.r'ùi-on, ¿ncl a. bacll¡' j-nf esteil i,ri11 ;i,ey be ci-osed,

dotvn if ii can ì:e þr'oven that it is itr:cclu.cin3 adul'cerated r-ood..

It is ¡¡.ucir easier io re¿-ili ze the clairrr.p-e dcrre to si:oreú

o,i.:.,ì:r Ä,ro t¡ 'iire p1'eSeItCe of S¡eCieS of Uriip'bo_-l-eSteS rvhiCh

cause grain 'co ire¿it " 'írÌ:is -rthelrc¡l.enci:. r,va$ a'btributeCL tc iire



geiluS eS a r.'jìoIe ( .'r eG:.,':r.i]

::lowe, L944) d.s i¡¡e-11 ¿¡,s ic
rilinu,1,us (-.ifoil", l-961),

l_0

, .L9ziB, L952; r:.oi¡¡e , Lg4i; i;;11 s;r ¡r.:1f,

i;he s,;ecie$ i-" :lg.j.rugrne-urs, and ü *

O;re of 'bhe c¿ues'uions ccncerning insec,¡s lihich atiaclc

s-i;ored- grain is i:vhethe:: or noi; i;Ìre i;est is consi clered^ to be

1)j:i:,,ir"Lîri of SeCcndaf;r¡. -i'f i.i.rtf;,2 itestg ii.rle 'rjj--LcSe that ¡:.t'u Lä.Cic

sorr-nci 5rarii: u.iid c9.u.se leav.i I osses. iiecond-ar;t :;esi s co.i'tr.o'r,

¿Lt-'c-.,"ck sounil 5,,rain rncr Senera'l l;z f ol-ì-oi; or åre Íon¡d iri ¡:ss-

ocia-i,iorr r'¡i'bh prillar.y 'oests " Second-¿¿r.;/ i,.es'us ¿ire consitereiì.

Iess cì-an3e:rcu.s fro:¡i the stunci-'Joi-nt of eccncriiic I oss '!;ha.n are

.l)1 iÌ1:ef J¡ lt €S'ii S "

tr'rr:,,enkel ¿i.nd. :lIer've'b'r: ('L9Ì=5) , Îavies (L9zi9) , Rilei;i;
(L9t+9) , Co-bi;on (1950 ) and rrrecrii€r.TL (LgS?, ) stateil tLia'b various

l:.eiiibers oj: i;he geilu.s Urr?tol-esbeg, are unal:l-e io feecl on sound.

grr+in, th-urs Iel-ega'bing-b¡re.rir.'úo a second.ary ro11, i3uiler anil

i.iclcel (1955 ) f ou"nd on i,Licrosco-iric exalrlinaiir¡n of I000 scu.na

kernel-s cf i o" ] ido::thern s',,ring rrirea'r, ihat 5P,B per cen'ù

h¡¿d fissure*q oveï -û¡-e i,er:rì large encugir to 'i:)er'rllit ovi¡tcsitioü
b:/ 'il¡t ,irain beeties. !ire¡¡ sur:geËt ed tir¿rt Ury-trt o-l.e_s'u es. s1rp,

li¡et'e noi; cie-oenclei;'i, oi1 'úhe presence oÍ other insects for est-

¡¡.blishriieit'ù and- could o 'r,here:io.f e, be conslderecL llrir,iar¡r ¡ests

cf stcred grain, Lu.cas and Oxiey (L946) fcu.nC. inirria'r;rr.re :fo::tls

c:fl fl-at grain bee'L;les lj-vin5 vithin'oiie kernels of r¡heat and-

nct visible io i;ire n¿ilcecl e",¡e. I'o is ncrz v,rell establisheû

'i;hei a-b lcast C. fer::u.¡:ineus is a nrirlrì.r¡,' =lest in ilaneda"



I1
(åt1oil.. e L945; ancleTson, f956; i,iia'cters, lgSg; Lisconbe anû

i,I&t'bers, L962) "

lire cou.,rtrr: oÍ' origin of (-), tu¡:cícrrs nas been c.¡uest-

icnecl- b.y severi:ir worke.rs" iJor¡e:¡ncl Lefkovitch (L9ö"/) s'oated.

'r,ire species vrals i;robilbl;y na'uiVe'bo lurjce¡r ünd. r._¿J,, jleve enterec'ì.

flour r.riilrs in the i,ied-iterranearl. area b;¡ fli¿¡h'r, and thence'ùc

Briiain ctr iiirirorted flour; or on rvheat Ílçor'ced frc¡r the Uniied

States ' irfter coitduc-bing a su.rvel/ of recc::d.ecl inf oruration 
u

Iavies (L949 ) siiå'üed that C-" 1;ur'-q.!.q'!r-s- riras cos::roool itan in ciis-

triì:u.'cion i:.¿hile l{ov¡e (I955 ) refr.r.ted this assu¡i,oiion as 't,he::e

\¡,¡as li'¡'cl-e rel iable -pu.blisheðr inforiintion on the disi;riÌ:u'cion

of ihe pest. T,efkoviich (19ô2c) s'cated, '1on intuiiive grcunds

I believe ii ',,c be e iÌorih ,'lrneric¿¿n sÐecieg'I"



OI-L:.Pt-Eti III

GEI'{ERÀr- i,il'I¡i0Dri

C ollect in 'Pê.À :f-1 'n and handlin of la.bor'a'6ory insect cu.l-t-

:ld.urts of eacir sr-ìecies o-Í' inseci, used throu.gl-rout 'i;i:is

inves'üigati on lvere obtainecl froiü laboratcr.y ci-,.ltures started*

frolr separate sotlrces in iianitob¿" Original individuals for
the cultu.r'e of C . tlrc-icu.s rvere obtained froär a flour rlill-
in t/irden' 'Jhe individ.uals for the c_" {e.c.r_u-g-inegs culture
originated in the aíineli cf a ccri.rüercial conntr_r/ elevator 8.,u

Gretna.

stock cultures of q. iiurc-icrls v¿ere re¿¡red on natent

flour to which had been addecl five per cent bJ'weigirt of fine-
ly grorr.nd wheat gerí;iø Íjtock cultures of c" ferrugineys lvere

rearecl on 2 lilor'¡hern saring r¡vireat conditioned r¡uith r¡¿ater to
give a iloisture content cf 16 per ceni;, Containers consisted

of vrÍde mouthed gallon ja:rs fit'ced rvith f ilter paper lids
vrhich u/ere sealeå on with hoi para.ffin"

The moisture content of the r¡¿heat useci for ihe cult*
ures of C-. ferrugi4eus was d.eterlrrined iviih a Halross dielec-
tric tír.oistu.ïe neterl" ¡,ndersoïr. (]-956 ) renorted th¿rt the stå'in-

dard- error of esti¡naie of tÌris r;ietere cor.ilpared v'¡ith tir.e iJrolvn-

Du.v¿rl neihod e trrrag O "2"1 per cent in 5õ4 saruples of r'¡he¿rt ',vitlr
äroisiure conients ranging frciir L2"2 tc 17"6 l¡ler cent.

-ì*Cir"i'ti'.clii-'n :.vi:Lt ion El-ecironics L1id. " , it iruri oeg u i ianit oìre
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lLìhe cu.l'cures 'l;/el:e Ìce1rt in reeLring cabine'ùs ¡,Ìâj-ntaineCr

at BOi:Io¡.,n ai1d. a,rlroxiri€L'üely Ys per cent ystative hulridity"
To obtain adults for 'che v:rrious ex¡rerir,,ents, the food

¡recliurir in the stock cultures v,¡as sieved througir screens of

variou.s size mesh'oo concentrate the insects in a sti-¿¿ll Ê?iiount

of ii:e food meäinl'" liith c" fer.ru.qiqeus-, the ccncentra'ced.

nediu.rü eontaining tile ad-ults vras piled on to,o of a.n inverted

=oe'r;ri dish in a'ural/, 'rhe a.du.l-ts cluic!:ry crav¿l-ecl to the ecÌge

of the ciish and fell to the tray belovv. ïlith C." t-Lr.ïcicus,

the concenirated nediu.::i r,vas rll*ced, on a piece cf r,¿l:ite paper

t¡.¡hich v¡as shaken to renrove the r¡iediu¡r and puptz,l cases v,¡hil-e

ihe ¿r"dults and larvc.e elu.i:.¿¿ to the paper. The ad"u.Its rrvere

picked f::om the .jlãper v¡ith a caL;-rel irair brnsh"

Eggs of boi;h species \i/ere obtained by ¡llacing adults

in f'lour which irad -oreviously been lassed ihrou.gir a I00 :::.esh

'üo 'uhe inch sieve" The eggs lvere re¡rovecl each d.e-' bJt pass-

ing the eÊjg laying ¡tecliur,r'oirough an B0 riresh to the inch

sieve. li-his ailorved 'uhe fl-our to pass th.rough read-il;y anrl

the egi{s irlere retainecl.

Early in the course of the investigations the stock

cul'cures of both species becaine inf ested lvi'ch r,Lites" i,ihen

this occurred., the adu.lt insects were sepe.rirteä frcn the

inites i-iith f ine sieves anä netv cultu.res v¿ere set üp, 'i'ire

culture ccntainers rvere later set on ¡reial legs in a tra;r

of nunber ten notor oil, afterr';hicl: tÌrere i,¡iere no further
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dif ficulties wittr lliies.

Se:eing cf ü. tu.rc1"u-* ou*u b¡-sed- on leng'r,h of anl,ennae

sirr.ce the anten¡ae in'che male are longer tnan in the ferlal-e"

.:i petri dish containing the adults \¡ì,'as r:Iaced on ¿i i,vhite back-

ground and, individuals oíj e¿ich sex vùere sorted out v¡ith i:.

camel hair brrish,

.idults of 0, ferr'uginells v.iere sóxed. by the netìrodr des-
'cribed- by iiilett (L949) " l'he beetl-es to lre se:ced rrrere placed.

in a sr¡ia'l l- petri dish v,,thich rested in a Lzrger il.ish contain-

ing crael<ed ice. ,i.s soon as the floor of tjre cl"ish- i:eca;tie

chilled ih.e beetles became inactive" iiitll tire aid of a ¡ricro-
sriñ-r-ìê the lt:sl oq Ì¡rê?'ê qê¡;-.4'r;ed. ffgi¿ the fei,fales On iife baSiSvvvj/v 9 vr¿v rJ..Þ!vv

of differences in ruandibl-esu âs the riiale ¿dul-t possesses a

spine at tire base of the ritanclibl-e rvhich is tiiissing in the fe-

niale, Iil. cases u¡here doubt existed, as to the sex of a pÉì.r-

tieular insect, light pressu.re i"\ri:s a-'lJ)Iied to i;he ven'cral

part of the a.bdotrien by neer.ns of a blunt n¿Lir of forcens" If

the beetle r,-rere ¿.; fe,ntaleu the stylí and, si-r.bstituticnal ovi*

positor v'Jere extencled " i¡ihen cr'"ref u I l.l¡ execu.ied, tiris pTo-

ced.ure did not hami 'bire insect.

0ollectine ancl ¡¿n61.1i of exneri-¡rrental foocl niedia

fhree grades of fcu.r ruilling fractions lTere used. thr-

oughout the ilvestigati o.ir" Sanples of these mill stocks

viere collected in a loc¿r.l- flour r:rill, lilhe.r¡ vier'e taken d.ir-
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ec-t I .j' ìlel 6it; '¡1," rol-ls o-il r.i,¿'"crtines Cresignr:'c ed -..s :lol l-cr¡¡s :

:¡ i::si l:reak 'jni::d irre:ilc "r'' ifti1 i:reelc

!rirs'r; i,iiij-äl i:]gs tl:irui ir:i äcìJ-ings r¡if'bh niil,ill ing,s

l:'i rst iailings J'ou.r-bit 'i;,-r.i-l in:rs ,l.erlr iarlings

i'i-f's'c lov ,3-r:r:"c1e ;ec.¡nd j ow 5::';i1e 'jlhird. I oiv grrrcle

iihe sar,ir-rl es \¡r¡êr€ ¡rl I talien :ircr¡r bhe s¿ìirie rr:i-ll ru.n tc

el iirr.i::r¿r-Le ooss;iì:le d-i :f f ere;lces 'oe'i,y/eer. jllrils lnü l'¡ei'e sioreCi r-:.'c

2Oo¡'" ur'Ltil requ.ii:ed, -i,'ci:tions of i;liese sa¡r¡rlIes yie-f e ci:elr:ri-

cal l.l¡ a'ral vseiì. f crl 'r:rroiein, asitn f :i-ber ¿;.nd. f¿lt conten'ú * irrior
to ìreiLng ri.seä fcr ¿n eìr;rori:rêi1i, al-l- icocis vi ei:e ccncj.:ì-iio:re ä i'cr

a 'periocl of SeVe::r d-tr;'g a1' the -ì;etiÌÐer,i'úu.i'e ¿rnd. rel ¿r'üir¡e hti.r'ticl.i'¿'i

of 'bhe exl:eri¡re.n'b in clesicc¿:t c::s co.rr.'tai-ning ap,piio-pria'ue soln-

tions r¡f it0i:1 for iri,rrricìri'u¡,i cc.ntL:o-l- (lltixton anù r,.eilanÌ:;,,', L95t=) "

i¡or.,..".] 1 tesis 'iliä'r, reo-',r.ired a fi.ne i:a,rticl-e si:¿e 'b.iie

-Ícod iried.ia r,:ier:e g::ou-nc1 in ¿¡ ..ile:y i,i1l1ø r O"5 lrl. br¿iss

screen was u-sed in tire i,r,',chi-ire to obtej-n ¿.i-r-ne ilarticl-e size

i'ii'¡horr.'u cir¡--ngi¡r8; iire :rloisiu-re ccnterrt aTDTeciabI¡¡. ir'liis lle-

il-u-ced- ihe ¡:eriod o:i titite requ.i recj- 't c co¡iciii;ion '¡ne f ocä 'úo

tl:e l-eve-l of lroisii-r.::e rec¿u.Íred- ïc:f e:i,':eri-ilental l',¡ork" !ne

f'ood ued, i¿r i.iJere lrro'.r-itd r¿iiier tr¿,.n si-f iecl so -"rir¿.'c 'uhe cheu-icaI

coriïogi'cicn c-Í i,ire fr¿',c'¡i-ons vi¡¡r.ffl. nc'ú ite e.ltered"*

i,iite::e rfcÐi:,i-Ìrj e, iire exlteÎiirental criiì'iiFi- \rei:e a:.r:il.j¡secì

s'bati.r'¡ical l;¡ (Sneú.ecor, 194,8 ) .

L,,r'i'c-'':.r -,:" l;:ci.'rlÈ 0c" , -. ¡rj-l.Lcrcl ;lnia, ìj-¡ .,r:rd .r'cl . coel j.o, ',5
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'IllE FIì0'ilil.SS 0B ivili,LIi:lG !TLI-i!,7

lhe v¡hea'u kernel congis'cs of endospenn, bran a.nd. geriir

in tlre el-proxirråte ra'ûio of B4:L4:2" 'ihese parts and. their

corrrposiiion are d"epicted- in .L¡igure I'

The -process of nilling rvheat consis'us of gr.:ldually

redrr.cing the ilernel of 'r¡rheat into flour, the objecti.re being

to se-Ðarate tire enclos?ern fro:rr the o'6her colirponents in ä.s

hìì-,.ê .r f n-nr-"r .ì S l)OSSilf Ie 
"tJur v vq

i,:ois'oure content of r¡¡heat to be i,rilled. is raised- 'ûo

.ìÐproxirrÞltely 15 "5 per ceni by -ühe ad^ciiiion of lr¿ì'iler" This

oivas e f:orrr¡Ìr bran coat u¡hicir Tvill holå 'cogether upon grind.-

ingo and a melloi,v endosltern 'ohat is read"ily crusheô." 't/he¿:'î;

is grcuncl by passing j.t bet¡,veen peirs of ireavl¡ ro'lls" rhe

firs'u break roll- ¡nerel:r¡ craclcs open the kernel 'uvhich then

lasses thrcugJÌi a sifter d.esigned- to sepÈr.r?,-,t€ fragtir.ents åì.cc-

crdi-ng to size" 'Jhe coarsest f::agi,ients go to-i;ire seconcl

brea]< roll ivhich grinds 1,he¡r a l-ittte finer" 'I'he l?rocess cf

altern¿tely grindi.n.q and sif'cing is relreated- four 1,o six

'citnes clepenili-ng on the l¿ilIu 'ühus provid.in,g; fonr -bo si:c

bre¿r.,ss, Jor eaeìr Su.cceSsive breaku the rolls are Set a lit'ule

n'l nser 1:no'elìher ¡ncl the st¡nlr i s ¡:rolrnó a liitle finer,v¿uùÞE¿ uuiv u.¡rvf, 9 LLrru Þ e vvr!

tselovu each set of break rol Is is a sifter \'.¡hich classities

ear't icles acccrding to Size. ;i generalizecL nill flol'¡ sheet
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is shoi,vn ín ¡'igure 2 "

'Ihe llurflose o'i 'ihe 'o::eül< s:isie.i-r is noi 'i,o r-ri*lce ilour,

but to liberaite endospern in the for¡i of riici.dlinss r¡¡hich can

then be de¿Llt wi'¡h in a recluction s¡rsfts¡i, lhis is ¿L griidual
'Trrocess of grin"4.ing, si¡tilär to the bre¡'.].ç sJrsteiii, with -i;he

r+n¡n''nr+rl.;r finr't't_, 1_ainr _--1qjfcl_ iiftO flOUf 
"

vf,f rr v p-'J v¡ r,r r +rrc 4!.y u u rrfó ¡:¿ -

'Jhe gerL,i is largely rele¿sed b;y 'bhe b::es,}c rolls and"

aÐpea:rs L..S yellov,l pi'"r'r,icles in ine coi.lrser r¡id dJ-ings. It is
noi -rêrrrovêiì l'lr¡ the 'ônri f i ers but - bei ne sloft - i-b is 'Êl i'.t'uened-

"el

out \¡vi1ei1 the nid,llings are reclu.ceil, :ttd in ihi.s flel{ecl coir-

di¡ion c¡in be sei,.àrated. by trreans of Êieves. 0n1;¡ a sr'rrll
rr¡.ri: ní' Lhe .o.efju c¿rn thus be recoverecl Ln a .,-itTe fort.t"

'Jhe stcck coriling fro¡lL the brei:.}c sif'uer$ (vrrith the ex-

ception of the coarsest iitìteri-¿;l .qcing to 'r,ire next set of

rolls ) is callecl nidd lings ¿¿nd consists of -particl es of end o-

sperin iinil silall pieees of bran" 'Ihe lsran is lar,c';ely renoved.

'o;7 rlealrs of lrrachines called, -ourifieus" In these iüachinesu

the l¡ran-enclosoe¡:äL ¡¡ii:iture 1,ravels douln a J-ong slig;btly in-

clineil. sillr sieve through rvhicLr ¿i cur.reni of ;iir is dral'¡n"

iìar1tid. s,trr.king of iìre sieve ceuses the ¡i:i:"terial to nove in a

series of Êriiall \r,Javesu and, 3s it t::¿:"vels frcll the heacl of

the lru.rifiero 'i;he ireavier Dârticles consisting of pure endo-

sl,re-riil work to 'che 'oottorn of tne shallow La;¡er and- fall thr-

cugh tne 4eshes of the sier/e ¿qainsl, 't he uut'¡arcl current of

eir" 0n the o'cher irand., tire ligh'u bra'rtr;y rlarticles ¿re helrL
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irigure zn $chem*,tie diagran cf a general rnill flow sheet"
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in sus;oension by the air current anrl tend. to Í'loat on tire sur-

face of the sl,rea"rir to finaLl;'r tail over the end- cf the sj-eve.

lailings consist of the tailovers of soÍle of the pu.r-

ifiers ancl of scalp clcthes of sifter sections belor,"¿ 'uhe

rolls" ji,rt-ìteria'l going to 'uhe first i,ailings roll c¿rries a

hi sh ¡ei-centn.ge of sei-rn i,r-¡ni.ch is rerlroved. å,t this t iüre,¿a¡ Crr

Lorv grades are i;he laiter reùuctions of rr:Lidd.lings and

contain end.ospenir, bran cirips and- ¡!êTlt' Shorts is itade up of

a iirixture of snall- ¡articles of bran, ger::i. and- endosperlil v'¡hich

can:ro1, 'oe fur''cher treateclu ¿t least not econo..,ticall¡r"

'lhere is no stand"ardized. nerrìing of the various llor-
.,t-.Í aua ^+ +L^ .-rn.r-1;iall-rr srou,nô wireat kernel called. StOcleS. Õon-U f LJII-Þ UJ- tr.!lv _L*- - ,*--¿ <)- - -.

sefl¡eni:lv. s'fi¡nìrcl ha:¡'ni ncr the Sàúe nA1ne bUt pf OdUCeCl in diff *pvYuv¿¿ulfJ¡ 9 uuvv¿\u vve¡+¿¿O

erent nills i'nay be dif.Lerenl, in physic¿I and cherirical ÐroÞer-

'cres. i,,ost laitls use the general frac'úicn classification of

breaksu nidillingsu ta.iJ-ings and. Iolrr graóies. iiach of these

fractions consists of severel gra,deÊu '1,he nuinber of grad-es

being depend.ent upon the size of the nill and tire nu¡iber of

roll stands, ühe¡rical anal¡rsis f or lroieinu ashu fiber and.

fa'u content ¿rs v¿ell as il:le t:l.oisiure ccnteni of thre three

grades of each of these four fracticns used in the Dresent

investig¿rtion are lisiecl in îable I.
'lhe ierm extrection rate is usecl io signi:i)¡ the a'ricunt

of flou.r p:'odnced. fron a gi'ven arirount of lvheat" f n Canad.r-:"u

the extracti.on raie cf 'l'ö"/ l)er cent generally uËed. rueans
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ihai 100 lrounds of v¡he¿t ¿)-re r-r-sed rlp as

ii.il-l screenings (weed seed.s etc, )
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lu.ring the inilling orocess the i;ernpereture of the

atn"osphere $/ithin the ldll building is an i!,Ðor1ian'u f¿rc't,or

¿ì.t al-I 'r,i¡res as it influences the 1,e¡r,ceru.ture of tne stoclçs.

¡ìor -orotrer grinding, ihe riril-ler likes io keep tne te.L;;-irer-

¿ìture of the breal< fracticn e.s close to ?5o.r¡. as possible,

Ðue to the heai; t)rocLLlceû by the grinding process it is not

r-'lr¡rçrrq i1^oo-i 1^'l o '{-n ì.-aan *ìra tor,r-norr. l:irra ¿f, this I eVe}" IIe¡i-p .uvþurv¿v vv $vvy s¡fv vv¿s.vv¿ç, uLr¿ v

l?erature readings vüere taken of the stocks i¡riihin the roII

stand.s on the roll floor in a local flour rill in Oc-l,ober to

give soiír.e idea of the average ter:iperatu.re of the fractions

iÏante II)' åir tei¡rperatu::es taiçen on tl:e rcII fl cor were

gaii:erec1 for e¿tch dat¡'cire i;rilI v¡as in olreretic'rn dri.ring'cìre

period ¡ui¡r.rch I to Cctober 15, L963 (ta¡le III) "
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:t o-l-es'tes t .i;¡ c i- cri s (Clai, 'u V )

'Ijre l-ife histor:¡ of ü" 'uuircicu.¿r is sinila:r to 'ùha-'u of,

C. fgr::_t-l'ì_:Lneu_s_ ('ìitetb , 1)ttj) u g" ,iiilr,'.iJ.s (ï:vies, l9{.9) enc).

;" *a,*a" ,*4""t and -:or,¡e (Lefkor¡iicir, l9ii? ) " .'e'¡kovii;ch ( LgAz

and" r-Ìishot: (L959 ) .::ef e:::.ed" tc tire bic'l o':.; of q. 'u_qqç.:!:c_ur.-s bi-ri;

::e j,-i;irer autiior !.-lê, rrur.cir cLeti:.i-l- of tne r/.'.r-ì or.ts È'b:--¡;es.

Eggs àrle ci.e'¡osit eal I cosei.¡ iir ',-'"e -iooo. :,rlt-i; e¡'i ¿rl ir.nil

the incu-Ì¡¿:,'r,i o;-r 1:eri-r:ä äer,.end.S on 'bi:re 'üeirr¡rclt¿:i'ti;lre .'rltt1 ve 
-l âi;i-ve

iru¡riiö.i'L ji of ;i:e env j-rcnirÌ.er1'ú ' Seg;iie::l'u:i't i olt o-i -bi:e I s"ry3 ceil.

ìr,. sìêê;r ins-l: 'rr-i oli;¡ rc; êrZe-,.ICe fr C.-.. 'r,he e::3; " l¡r Lì SefieS OfJV L¡UVJ.] J(4UU

S',,l"e'i,Ching and- u.nciUia''¡ing rüoVelleTì.tS the Cllofioil iS brcjren anå

the laL:Va etÌierges" lne cau.Cl-aI l:OOciS oll "e.q3 bl¡.rSterSrr tìr:e

risecl t o ¿ssis'L i;he :/oiìi1g, i¿¿r¡,"¿ t c ese¿ìjle frcn the ei,:ii sirei 1.

ühe-r:e,..;re f-cur I a::vei instårs" Ðrr.ring'ohe la'{;e'¡hird

at: ea::J-;¡r Í ce'.r,;h inS'¡¿;T, â -itai.l: cf Sillc ,31 ¿ìndi-c bep.i-:rS '; o d-er¡eloTl

cn ';ire .¡e:r'bral su"rface c'i. the í=i,L:st tho::aeic segilenì; (:isì:o,o,

:l-9ôO ) " 'rhe silit gl:incls d.evelop ra¡:icì.J-y, li::d- sirc¡:'LI:¡ bef c::e

-¡i'ie onset of i;i:e T:repui¡al stl,ge in 'che I e-tter nart of ';he

foUf'¡if ins'üAf, A COCOOfT iS S,oU.Il" !-'he CCCCOil r,la;¡'1,¿]Ce SeVefa'l

foflrlS* III fi-ne fcod" l.ediUn sr.:.ch aS -flout::u 'ùì1-e coCoon rrla.i7 ì:e

for¡rieå entirely cf sil1ru yïhil e in coarse f ooil. ri-rediu¡ri the cocooll

ìlslr:ìl llr êr-lrrsi a-l .* ¡-Í ¡rq-nl:i nlgg Of tlOOd i:elil- ';C¡etÌ:ef ¿iifd. -l-ined.L!ÈU:L}-!!.7 UVtrÈIÈtJÈ u-L .yGr uru-

r,vith 'i;h,e si.lllen rlate::ial , the L'¿rv¡, lvill cccasionaiii/
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-oupete t¡ithor;-t f orä:.ing a cocoo-iL" 'ihe l)u!ù er,ierLqes anierior-ly
thro-rr-zh tne sirfiÌ; l¡.r:va.l slcin of the fouri,h instar lerva,v *-+ v !r ()--

'Jhe dura'cion of tlr.e larval period varies .<reatlyu d-epend-ing

on iiie te:.lpera'uure ¿rnd relative hutr,id.il,¡7 ai rrvhich the insect

is reared (I-,efkovi'0ci1u 1962). The ad"ult rei,rai:rs v'¡itl:in the

pupal case for about'ü\'/o d,a3rs end, then cirel-¡s i'cs lv*¡¡ ou'ù of

the cocoon (¡igure 5), It soon ccäileeuces to Íleed and search

for a nate,

îìaaai-i -n.ì:i nin n.F c.,r-oroa.1/l'ÞrJItpt,J-Ul-L tJI Ðtr¿5 ltË

.I\.ìrur-snop I JiJbu] ÐuDr].sneci

larvae of üo turcicusu U"

a iiaxonorùic

-? ^---^...,.î .^ ^ìr àr çtJ J. Lt i-) _LtJ-\t L/. ù]

iì ae a i"i rrl- i ¡'n CfBVUV¿!-LJU!v¿r

¿¡,nd. C " rninu'tust-L^ullç

and, ntrt I i nc,4 * lcarr =inr 'nheì r êêarõ'¿^'l-'i ^-vuuÀ¿¿¿vs k r.!e,/ !V! Ul1ç!! Ë8l,,ÉLIClt/IU.ftO

!óa)

T he egg o:f U, tu.rcicus is seusage-shapetl ancl glisten-
ì r.r o rr¡1" i l'. a ir¡h a r- ..----r. foiA, *l-** ¡¡el-Lolvish artù opì;que just

before eclosion" It is sligh'r,ly rnore tiran three tj-nes longer

tl:an r,vid"e i¡r¡i'üh oiLe end rii.ore 'r,a.i:cred than ihe other" the egrgs

of tiris species are very siLiiilar in anpearÐ"nce to tÌrose of C"

ferrugine.r{¡, 'Jhe dinensions oi ten eg¿is of each species aTe

p:iVen in .Jable lV" '.'he incu.l¡ation -period. r',,nd l-tori;ali'i,y of 'che

elq[{ very i,'iih te::iperature and rel a'riive hu¡lidii¡¡ ('Iarì:le ii ) "

!ÇÈt v Çr

',.'he ne\il-r/ iratcired. Iarv¿ is r';ni'bish ¿¿nd sligh'cl-,r longer



Figure 5" tioeoons of

energed" '

ü, tu.rsicus frora i¡¿hieh nerv ad"u.l-ts have
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f;h¿n ihe eg¿{. i'here L."re f our insterse the rast cf lvnicir is
1;ä.r'üIir s¡ent as a prer)i;tlao In 'ciris conûition ,cne }arr¡a 1s

shoriened, thiclie:red anil. colii_.leiel -i irilriioì:ile.

i?]lp?

'-rlite r1ev./ jiuÐa is t¡;hi'ce

rLi-bles clarlcen firs:1, foI-Lor.ved

ren¿inder cf 'úiie ìrocly"

li Cirt,lt

50

v'¿ith light brcwn el/es. .üre iiaí.i-

by tire ¡1radi-ra_l darlcening of ilre

'Jhe beetle is light a;.rber in cclor r¡L'hen for,ied" Tt

re¡¡¿rÍns in ine cocoon un'ci-l the exoslcel eicn iras l:s.rclened ancl

'bhe bod.:¡ Jr¿rs ä.'u'r,ained- its norlial red.-brovr,n color. !he sllec-
ies -qhorr,¡s sexual cliriro:cphis¡ii wi't tr 'che na.le ¡,Lntennae beir:.g aÊ

lcng as ihe bod-y and,'uhe fei;ic,le anie.nnae half tne bocl¡i ren-
gth.

l¡ligir-b habit s

Observe.tions in 'r,he labor¿r-'ocry nnd in .f-Lciir rlills
h¿ve shov¡n -bi:¿rt the ¿rdul'¡s of u" ]lu.leicgs ¿lre fairl¡r strcng
r-l iers ' j.i.,s 'ùhe ¡-ir" t€j.-i-r ¿¡¿'6¡1¡" a,:i;roaches 80o..i,. u aclul i s
se;:i:.r'ated. fr,¡Lt. their fcocl. a¡,pe¿rr exciteit, vj-tir frec_Luent fl_ex-

ing of the ely-bra i:.nil par'r,ii:.l e:c'uenÊion o:f ihe hind rvings,

.is tlie te.iii¡:e:raiu;'e rises aÌ:cve BOo,', ", 'úire insecis 'uvj_-Ll i¡¿þe

c-i'f i,nd -fJ-i¡ i-ririv'ard.su u".;ual.l]r veering oÍr ir: i;ire d.irection of
fhe winclor'\is" -,,iterall-y ir-Lrndreds of ¿f,1r-ltË have j:een fou.nd on
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trii:-cio\¡r¡s in an unusecl f-lour r,:.i-l lu ind.icaiing ti:¡.t lr-s f ood be-

ca-lire gc¿ì..L]ce âïtil 'clle 'r,eiil-i-.er.l''r;Lire exceed.erl [JOo.r'" i;he adu.-ì-'¡S

left their hailita-i: in search of nerv siir.rou::idin¡<s, iisiro¡
(l-959 ) noted. 'bira1: uncler iäen-i:ic:ll cci.rdi'r,ions tne tenil.encJ¡ 'co

í:i-;v,:.i-r1:eared.'cc be siron,le:r in ü".-åe{rLlålrrçgg'L;iretl in u. !1t..r-

cicus " :|nis is ',,ne f'everse of observi,r-'cions ¡iad.e clurin,g the

cur.ren1; str;.dies. l,'¡

flour ¡:.i.1-l-s i-n ü¿nada

infesiinE forns round

l'v es'u of the ll " l'i , À "

C¡innib¿ilisrrr

is r)crSr,riilLe 'úi1:i'1, ü " tu.rcicl,¡.s f ounC- in
i1-*e & cj.i-:i:'i,erent str¿iin 'rhen tiie gra"in

/ . .. -,\ \ .b:'¡ -:iishcl (19t9 ) in t;re .i.rcif ic t.or'cir-

-bu.-r:cicus l-¿-,r\rÉ'.e \r.ere -ici-rnc. to be

ilopulation densi-t "¡ Íncreesed. be*

torir-h ç; j I ker cocoon ref err'eci to

nc obs'bacle'ûo i;he lerva (li'iSttre

Lr-tcas and O;rrle.i,' (194b) rei-.'s3¿s6. ariiil-ts of üry'ri;-ol-eåtes

spp, 'úo be cannibalis'bic bu.t no'ü I arr¡ae. i.ef,:eovitch (1957)

obserr¡ecL canni balisrrr in cu.l tLl.res of q " ug¿rnd-ae t¡v¡ien l¡.rrväl

cle:.rsi'i;;r l"rn rì higir, :¡-srrbÏ" (l-961- ) :-nd iìile r,-L (L9+9 ) s,rid J "

fer'rugineu,s i,,as c¿in;:ibalistic ¿ncl. l.,efLiovi'cch ( 19o2a, 196¿b)

"r,r""*"U 
*" sarire ciraracte-ristic f or Ü, 'burrcici-ls' In 1,he

Ðresent invesi Ly,ations, ü ,

c:rt rci ,e I r¡ cz.n ili bl-Ii Si: i c & S

:;ord e cer'uil,iit t)oiÍr.t " rhe

bv r,ef lçov it cir ( 19 oPa ) "'"ii:"s

4, 5).

3iclogY

Leficor¡it ci: (f 962a) stu"clied 'bhe ra.te of C.evelopriie::t OT



l'igure 4' J " iurcicus l¿rv¿i f eedirig on 'i;lie illì.i)¿t i¡ithín -Lite

coccoiL'



f igure 5. :i nuii:.ber o:fl cannib¿.¡lLzeú

Ä e;rsel w nnnir l ¡.li e(l Ci-t l ttirevvr¡p v¿J

coeootls t¿llten froür.

cf u " tu.rci cus "
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¡Q, lçLtqciqqq reãr.ed. cn \,rheaif eeci, levef oþilen'L r',r&s x.Loslb rapíc1

e'r, 95o]'" ai:,d. 9O;; .ì"!i. u ihe lif e cj'cie iiiinu.s ttie inci-r.ba'cion

ÐeT'iod- of 'uhe egg recir:.irin.{ 25,B da¡rg" Si-lrviv¿rl hcr¡¿eve.r,

rrels onl l/ 20 pe.r: cezl'{; " ,r.t tire sallle reia'c ive irnr;iid it¡i 'úile

greatest su.i'Vivàl '!T¿r.Ê '13"5 1-reT cent at 7¿cjr', a:-rd. -'uire least
t¡¿3.s L6 "'/ -.,.,.e r cent åt 65oiì'" ; -bhe cj-u-rat icn of d.eve-Lo-¡l.irreïi.*c be-

)-ng t¡4"5 da¡'g ai 72otr. anci l¿Ì1.¡ da;rs at d5ol'. !Ïre railge o-f

'i;eiiiperattr.re a'c v'¡hicil tire insect coi-rl-ci coiii.olete CLevelo_6;rlent

l',¡iien'che relai,ive hunid.ity viae reCrtr.ced. to 70 i:er cen'ü \rìies

nar-rorved to f 2,o.Í " iio 90o]ì'. ai '/Atii n,Ê. the r'ate of cl evelol-

tlent ¡rt eacÌ:. te.i:ioerai;ure v,i¿r"s sl-ov.¡er'clr&r1 tn¿¡t obse:cveci at'i;he

ì:ig,ner hu.l,iidit;'e tire slror'¡est iiia ì:eing 'ó+.i da;¡s a'u 9Oc.'o

anil tire I ong,esi being 60.'7 d:r;ys a"¡ 7¿ori'. Ërr.rvival e'u 70;., iì.

FL. ranged- frcn 23.b -Ðer cent ¿it B6ort, to 76,6 per cer.ì.-i, ¿r.t

ryoOr- ri. ¡:n, j
tÉJ r o ¿rr, uwTo A,,l{. ¿i.tl larvae diecl at 72o'F" &tld, gOoiì-"u bu1,

there v¿as 66.? tler cent sllrvival at SloI-"

Bishop (f959 ) siudied rale of d-eveloptilen'u of g, Ug-
cicus on foocl coilsistinp. of one-half a r¡,¡lfee-ii kernel contain-

ing ger]ll, itt; 90oI,', s.ncl 90¡ri ;1.¡¡i" u the averÐ.Be 'üiirte reciu.ired-

to ccrr'olete cle-¡elopirient (f i r's'c inst;i.r larvg. i;o ¿dltIt ) vui:.s

2Ð "2 d.a¡tg u V'lhi- I e e-b 't,lte Sexie t eitrpef a'CLr.-r:e bU-'í; ¿t 'i 0 end 50i,

R"l--r., i.ill fi::St instar larvae died, ,ì'he discr'epâncy in ihe

results liial/ be drie tc f cod, lhe resril ts of Bishop (f 959 )

ne,,r'noi rei-lect'ùhe;ilri.Li'cy cf tire soecies to Ëu.rvi-rle becau.se

cf -'¡ire circice of -food.
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.i:'or ovil:ositlo:t str:.c1ies, risiro.tl (f959) useCr -i'Iakes of

\,,'1re:i'b íierirì ùs lccCL ¿ind" .ief::;orrit cir (L962e) üseil t;le¿:-bf eed. , '.:.'v

^^Õ.- r ,90'!,, ,3isiro,: (l-959 j re,ror'cecl a -l-j-f ei jr:,e avere.ge o-f 55"6u 6 "6

¿ind 0.5 eg,?.s -Qer f ei,iale at 90, '7A aird 50 r :i"--., r'esrr,ect-ivel y"
,^,-. o--..r'ü '70",,t ", lie rei¡orf;eil e ''l-if e'¿iil-e Ð,vere.ie cf l5l '0r 2i,8 and-

5,8 eB€!s -oer felu.Ieo resprsç'¡ivel;;2, a'¡ 90, '10 ancì 50,., iì..:1" oi1

fooci consis-Lii'rg of ecluai ÐertÐ cf r'¡hclei,ieal fI clir' ¿lnû i¡¡ireai;

gerr-r. -1.,e{'l.icvi''ocii (l-962a) repor'ceû a 12 i'veek to'ual of 10È '5
eggs i,:rer j:elrial e at 9Ooi1'' ¿:.t:.d 90,: p.i1" u l-12 ' I a',, B2oil. eìnd-

9O,i P.'i-i" and gO ^4 el,irs åt B2o.:'. ai:ld- ?C,r .R, i:i.

l,eflrovit cir (L9 62a) clairrred'uhe ci-rt i:r-r-:rli condrit ic¡ns f or

C-, tI{g.Lcgs to be ne¿rr B2oi,', ¿¡ild. 90,,,, -),.li" u ¡¡,¡.[i-]-e jlishop (f959)

s i. rt ed 'cire c-Ji i.L,-tr.]rt r.,.t-;;' ìre neer ?Oo-.'" ¿ilt 9O-¡ rl' ii"



-l,irt=ni nrrc- ¡-n11 rrup vJt¡q v o :f er.1'ugir€LlS

t'he biclogy cf c-. ferrggMçr4e iras t¡een clescribeC. ìr;r

iìi1e-i,t (I949). 'Jhe Iir'e c;'cle .;nd 'Lire at)Ðeer¡r.nce of ,cire -l_ife

stages ere si¡iiil ¿r ic -i,?r¿;-t cf ü_. tlrcicl_ls :;nü i,r is e:ctreret y

difficult 'rio ciiilf eren'ui¿rte beti¡¡een tire iurnature f'ornLs of 'che

tvlo specieg" tsoth Ënecies;rra.-¡ forrir sil¡ritar cocooÌ,l.s (.lIig.r:rre

6 ) bu.'u C." f erru.ginellg usnall -g To:rrLrs onl;i ¿ cell (I¡igure .i) .

0ccassioL:r:"rl-I¡¡ ü * terru.gineris 'ru-i¡¿teg in a nal<eil concl j-ti¡n.

'ìir.e reles ¡-¿nd feir¡¿-ies of q, fqr_r-ugineuÞ can be seDs.r¿.,.ted b:¿

bì Ðrcil.inent tocth a'r, i;he-Ðå-se of 'bhe rmndible of the r.ale,

and bJ¡ i;he l,arsal fcrnula lrnicir is 5,il-4 f or ¡iat es ancl 5-5-5

f or f einales.

iïvidence of ea"ruribalisrL in C" 'riLlrci.cus I'ras been nres-

ented; ,ìileti (LL)49 ) reported that C, fjfru-gine-uq j¡ossessed

'ühe saÍrte cii¿,rracteristic. I ,lr¿rve not seeit a C, f erru.,gineus

larva attaclring another I i-¡e larv¿:- but i:Ìani¡ c'leacl larv¿e v,¡hich

had been caiu:ibalj-zed \Tere obserrred ii'r. cr:.iiures (Figr-rre B).
riiris ra;; sinpl¡r indicate th¡,¡.i; ü " f errugineus is a scâvenger

,¿nd noi; a canui bÐ.1.

c"

9f

bu'r,

^L¿t" l)

îeruirerature efïects the
lr -F a"¡,-.-," - -i .^ ^'" , 'r-i o ref'r'ufgl_IÌeu€l 1n a iilanner

i-b apllears from exaiiiinii::g

conrtareb.Le terrperai;u.res tire

incuba'uion -rreriod of the egg

siritil-arbo -1,ha1, of C" 'riurcicu.s

the d,ata of ,ìiIet-i; (

eiiils of ü. 'l,urcicr.i.s

L9+9) that
À arral n..uv v v!vj-J



cry

¡¡igu.¡'e 6. üoiriliLrr.tive size

ü. l,urcicu.s and.

rì 4 ^---.^,. - -'Ì -- ^'" ¿U o J- eJ'-L' U Y. J-lte U S "
-_-r\:,1.-

rii.Ld sh:ìpe of
.ì f^^ -.." 

^; 
.^^'...

U ê I Eil I r-{ i,., tlr\' Ltù)

cocoolls forriled b¡r

( larger one is



,rir'

tii.ì
'É,

-&.

U o fer-r'tlr'ineLr.s r¡/helt eci,iplete
t.Æ

i¡igure 'l . t,ìr7- rã nf nal I
-L J -ii'v

cococn is not

-f'rr-nrrrañ l¡v
¿vf!:vg 9J

f orr¡.ed. '
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,'tigu.re 8 " llyrrical ¿ìï'0earailce of cannibalized larvae of

ü, ferruginollso
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sonrel,rìlat faster tiran those oi C" ferylgingus"

Ril-ett ( 19z+9 ) re-rorted thai; u u fercugirreus der¡eloped

nost ral-riðtlJr on v¡heat rvith gerii and ¡iosi slor,vly on whi'¡e ficur,

ilsing split lvhea.t liernels as f oorlo Bi-sh.olr (1959) observed that
^at 90"1¡. tne leriod of develoìrilent of ü" ferri,r.gi4e.us v,¿as

shorier ¿rt 9Oi, R.lJ" than at 7Oió R"Il, and. all- fi::st instar
larvae d.ied ¿rt 50,.., R " 

tT 
"

Bisirol: (f 959 ) co.rrri:ared ti:e oviposii ion rat es of 'ohe

tlvo sÐecieg tvhen reared on fle.kes of r¡¿irea'ri gerl'Ir, iJe found.

^ -.ñ,rthat at 90"jJ', , C. tglsicuå laicl a f ev¿ tjrore eílgs than d.id 0 "

fe_r,rr-1g-i-ne_us at 90,,r R",i-1. u but C. f'erruginerr,s laid several

tiirres Ìùore eggs 'ihan C" tu.::cicus at rel-ative iruniclities be-

fen'u.gineus ap-,lears to

red,uced relaiive hu¡¿-

a(tI u-v o

t3ishop (1959) Aetertirined the average rluii:ller of progen¡r

oer ferlale cf bcth s-rlÊcies ai variou.s terlrreratures and. rela-

tive humidities, Iie found that C " tlr.rcicu.s -r:roduced iiiore

progeni¡ than C, fç¡¡1:.gineus at 90 ¡;.nd 7Oo¡'" ancl 9O;: R.h-., but

fi -F^r.--rì d; h^'r,u_ø lg¿¿'!is_+l19ug prroduced riiore ai 90c¡-.. ¿¿1lcl '/0i.,.R,ï" !i:ese

;"-"ar- ,'r""- j-nclicate that Cu ferru.gineus is less sensitive

Iot'¡ 90,ùer cent. ,'or ovi¡csitionr 0"

be -l ess seilsi'ùive tha.n ü, turcicus to

to a redi-rcticn in relal,ive huiriidity than is C " turcict;s,
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0i1 C

Oil I,TILL $fOCiíS 0Il

" l,urcicus ;¡.hiiJ C 
"

CìlÀL,'ìEiì. i/II

'Jii¡l iìiiÏji 0P ÐEVrll,û-i,ri.ilt'tr,i .iitll iUiÌVI-tL;L

f erru g ineu. s -."11 
-ii¡l j1I 0U S,ilEì.ìirlili-i.¡ t_11 ii,lE S

-,iiiÐ R.iit.,^+-1 I v:[ ]:uiil DI i l]trÊ

Ðgf i-äi_'c i on of- t en¿inolc8.y

ïhe te¡:iii riiill stocics ref ers tc -bhe riifferent physicar

siri-tctQre ancl chelrical cofipositicn of the pårtially ground

wheat lçernel as for"rncl in the vericus xrachinery of the r¿ilr,
In l,iris inves'cigi',tion, the l,iill- stocks includ.e three .clrad_es of

the four coinnonly designated fraciions of break, tailings,
tLriddlings and lorv .qred.e"

iiiethoCr s ¿rnd rrr¿l"t eri ¡Lls

lhe effect of mill stocks on tl:e rate n * ¡'l arr o 'i nirr,r a :r I* -, -*-1rr..-r" j

in a series ofand survival of ü, turcicrls was investis¿rteÕ

exÐeriments ât a rela-bive humidity of 90 ller cent and at te¡ii-

r:eratures of 90, BO, 70 ¿¿nd. 600l', and. of t, turcj-cu.s andr ü"

ferruginelis at goolr. and. 7O;; R,II"

Culiures of one week ol d aduits of each soecies v¿ere

set rr-Ð on flour v¡hich hacl been sieved. throu.gh a lO0 i.resh io
tire inch sieve" T he flour froin 'ohe cul'cu.res r,v¿rs sifted. claily

and i;he eggs reriLoved" In tire series of ex,oerillenis with ü.

turcicus ¿t 901, R".ä,, fert, O-2+ hour ol-il first instar larvae



t"Lrere reared individrr.all;r¡ in 5 r,r1, shell- vials containing O"s

Ersr,rs cf one of the LZ stoclçs. tseginning f ifteen åa;rs af'6er

tne l-arvae v'/ere placed on the food. media, the via'ls, lvhici:

I'ftrere siorecl in desiccators, rvere ey,¿¿L.Lined iì-aily until atl l-iv-
in.q larvae nad pula'ced and er,rerged as aclu.lis. lhese exneri-
¡rentsi vrere d.one in c1uolica1,e"

In the series of ex¡errriients v,¡il,h 0" turcicus and. C.

lgaqlg!4qqq ai 7Oi5 È,"H", duplicate lcts of tenu O-24 hour otd

tt-.- t"*"" larvae of each species vrere set u.p as in i:he pre-

vious serj-es. Ï¿j-lJ'exerninations u/ere be¿i.rn ien clr'.ys ¿fter
the experirrrent r',¡as set up ancl continued until al 1 living lar-
vae jrad nu'¡aied anü ernerged ê.s o,d.ults"

Rqqul-.t q

The rate of develooi¡.ent and per eent survival of g.

l,urcicus on the clifferent i:rill stoclcs at four 'cerrperaiures

and 90:¿ R,H. åre given in'ïables VI thrcugh XIII and sllrillr.-

eyizeÕ. in 'Ì'able ,iIV" In generalu there rJÏere riore rli:ifer*

ences between rrrilling fractici:s 'cirait between offici¿] grades,

l:,t 9Ou ?0 a.nd ô0ol¡" there lvas 1r.o significani, C.if-ïer-

ence in ihe rate o-f cleveloti:ieni bet¡iveen ind.ividuals on the

i:hree .õ?;r11 es of D-i?r¡ of the -Ínirr liri lLi lrs irlictions, .it BOoi'"L: v,qvU

tirere ,,'¡as a significant c'l.ifÍerence in -bhe r¡,ibe of derteloÐ-

r-i1ent betvueen inÕiviiluals on tire various gra.ûes of i¡tidcllings

and tail ings,

-tt 9A, BO and ôOo3'', there -r¡/as ir.o signif ican'c Crif f er-
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erlce ìre'útreen -,)er' ce'ni su.il'vival on -bire tìuee 3racies oi tire

four rLrilling fractions, bui ai 70"iT. there rn;as a significe,nt

diff erence l:e1,'r,¡een grad.es oi 'orealcs, ieici.dlings ¿nd. IoI.rr grad,es.

liihen the p.rades of eacir or tne fcu.r fracticns l¡!-ere

ar,'eraged, iire::e was no significant dif-jerence in the re"te of

clevelor-rr,len'¿ betlveen breaks, ti-iilings and lcvi gra.des ai 90o,"',
, ^^ar*r,vhile aI, BO"li. derreloprreni; on tail in¡gs lJas signi-r^icuntLi¡ fas-

'cer than cn brealcs or lorv graclesu bui there \'vas J:r.o significant

difie:cence betu¡een thre tatter tv,¡c' -:l.t ?Ooil " develoor,r-ei't-'r; \,ias

signii:icantly faster on Ì¡r'eaics ancl lolv gr:ides .t han on iail--

ii:BS. .!t 60oJ, d.evel oprrent \Tä.s significantl:r sl or'¡er on bre¿uks

than on ta"ilings and. -l-ow gracles, i)evelopr,ient rvü.s significan-
tl.¡ sl nl¡¡er nn tili tl rll i n,os 'ùl-ìP- ^r 'ìhtr n{-ì"a¡ ffaCiiOif a1, alI f CUfu!J Ð!vÙJv¡ ula !I+uLi¿I¡rLllp u¿IOitr vLL sLL,r uulJv

+^---"'r-¿'r#"rr'¡n 'i'he nui:Lbei: of days recluired for d.evelop¡,rent rrvagtrt'l::Utt-L(å(rl-(I çrÞ o :.Llç IiL{riIUçJ- v! (¿GJÈ J ULIUJI "- 
aar;

increased b)t ror-rgirly 50 ¡er celt'ú for each #å{r€ degree -t. d.ro-r:

in ieür-r:erature until 60oi¡. \¡Iqs reacirecl ti'¡he:ce developrte:rt tir¡e

vlas dcu-¡:le that required a1; ?Oo*î,

survival l'¡as nci; signiíricantly aff ecied. Ìry 'che t:y-oe of

f ood rrraterial aiu 90 or ?Oot¡, .1lttlou.p-h a'¡ gOoil" srr.rvival cn

micldJ-ings vfas L't io 22 per cent lolver'rii:an on ihe other 1,hree

fracl,ions. Àt BOOF, survivel r'ias fairly unÍforn. on breaks,

i¡,ril ings and lovv grades bui; v¿as signif icanily lol,ter on rrridd-

^ ^ô..-lings" ,it 60"i', there ï,rir.s ir.o significant aifference in su-r-

vival on lniüdlings or iail-ings bu'ú survival on riiCrdlings was

signii'i ea.ntl¡i lovuer 'cl:an on breaics cr f ori¡ greiles ø



lhe rate of develoit¡lent aniì. per cen-b surviva.l of q.
'burcicrr.,s at gootr'. and. ?0,tå 1ì.ii" are gi-ren in Tabres )iv and )ivru

the sarne inf omal,ion for c" f-errf,gineus in ilìabres l{vrr and.

riVrrr' a sul.rr/1ary of the d"ata for boì;n sr;ecj-es is eirren in
'ìable :tI-l{ "

lhere lvas no significai:t clii-=.f'erence in rate of dever-

opnent betlveen grad.es or fractions fcr c" ti-rrcicr-r.s. rt dev-

elcped l-rrore ra-,:idt;r at goo¡-n and ?O:, R.H, than it did at any

other co¡rbination of tetirneraiu.re ancl rela'bive hn¡,liûity tried"
Ëurvival of this species ï'jas signiÍ:icantly I cr¡er cn ::riddrlings

anci tailings tna.n on breaks and 1o\¡¡ grad-es.

iit gOoii"'. and '7Oit R"i-i, the rate of develc¡irient of C,

^'¡..^..^'.''.]qirnÌr¡lto-e,o¡f'irr¡.i:har'l.e.in".¡^'-¡¡,ìnnJtJJ-J L4úI.tJtiL-tÞ Vr(-È r¿liv c,,r uEr Eu , -* ---UÈì |-J_-AU_eS 'Jl tJlle

breaks orl;ailiflES, but a significant d.ifference l/'/as observed

betr"¿een ¿¿11 tnree grades of i;riddlingsu tlre rate of develop-

r.rent being i¡rcreased as grade r:ras lov,¡ered. 'Ihird low grad.e

significantly lengtheneô the rate of d.evelol:rient over that

cbtained- for 1,he other two ,qrailes of ti:e fraction.

fhe rate of developilen'ü of g. ferri:.gineus v{as rio]:e

rapid than tha'c of C " turcicus on breaks, tailings and" loro¿

aæn Ã ^a 1^r¡-!-gr-'d.uurj uuiJ equal 
"r't 

r.t* Deveiopr.ien'o of ü,. ferrrr.gijr-

eus uas signif icantl;r slor,'¡er on riiddlings than on the other

*"" fracticns, riìhe latter three v,iere equ.al in their effect

on rate of develo¡nent.

hiore C. f erru.gine'r-i.g than C" turcicus survived on ¡:idd*
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lingsu 'cuilings anú Ior¡;

'ù icli? v.¡as about 'uhe sslie

jli scuss i on

i1 çJ

3r'acies i';hiie sli.L:rrival oit ihe break frac-

ror bo'ch s,tecies "

It ir.ia¡r be possible to ex,olain the ra'be of d.eveioirrlen'ù

ancl sL'r.rvi val claia cir ihe basie of e¡ivirctuleil'ú , .¡'or ü-, 'cq.r_ci_qq,s,

9Oo!'. enô 7O.i lr,,iI" naJ¡ be op-i,iriial n tiri-i,s a-l-l o¡;¡ing soi,Le lat'citu.de

in the nuiri-ticnal vel lle c:i' the f ood- \,vi'ühou'r aff ecting tire re'ce

of cr.e-uelc¡ltent ancl su.rvivarl of tire larve" .iJcv.;ever, \¡¡hen 'r,iLe

enviiloiriLeniJ becoii'res iriarginal, ilifferences in nu.tri'r,ional r,'aiue

cf i;he -r^ood- lvoi-ild beconre riiore i'pparen'1,,

Ihe effeci of 1=ood o-iL r¿:itê of develolrr¿eni of a nunber of

storecL i;roci.ucts insec'r,s jras bee¡r invesiÍg,*ted." Ëlilall.rian ¿Lnrl ,Los-

chiavo (L952 ) -Fou.nd" devel-oplileni of t, coi:l.flr.su¡¡r liuval I arv¡ie ELt

BOo.jj', u¡Íi.Ê ¡iLost rapiri. cn'raiiingsu fcllor;ed b¡r lolv grardesu ri'r.idd.-

lin¿1s and breaks in tnat ord.er" rirey also rei;orted no siEnifi-

can'ú cLirf erences in survival of -cne inseci cn any riril I i11g fr¿:.c-

iion, llu.'r 0osthuizen (L945) found the survival o-i' g, c.?s,b.a"ne_unl

(Htrst, ¡ tc be Io\¡,,er ci':. l¡ran, riiiiì-dlings e¿nd- f lou.r 'Lhan it i'vas

cn gerrir" ancl senolina" üot'oon et aI (Lg/t4) re'1,lorted.'úIla'ü th.e

nLr¡r.be.r:s oÍ insecl,s i-n sectic:r"s of fl ou.r nil-ls coni;aining foocl

o-f irigit n¡¡tritive valu.e nrere f-r'or,r one and, orre iral.i -bc tirree
-bi,ires ¿,s g-rea'c as'r,ire u.u-Liiiters j-n ci;her sections of tire ¡lill

ccn-'uaining. leSs nlrtri-bive f ood-, ¡'r;¿enicel ¿inCL i3lelvet'1, (L94U)

stated that sorie stored prodrr.c'üs pesis d.id as r,veil on L:iational

flour (85 fier cent e:ciracticn) as on livholerireal floi.rru but
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i,hgt flonr of lower e)i'r,rac't,-ì on f orilied a iess sr-litable i,iei"
0n '{,he }at't eru 'ùiie leriod- of derrel oirl-rent vr'iìs I cnger and rlror1,-

alit¡,r lvas increased, tÌilett (L91L9 ) reitcr'cec'l- in¿;t gerÌìi iiirâs 'rihe

iles'c d,iet for C" feffuginçus, ancl ¿¿lthougir bf'¿¿Ì1 i¡,'as ccnsid-er-
..j^l *. 1^^¿-+ ^-ã +'^ ¡r.. r.r'-.{ n-^ 'l:l ^...4 ¿-1^ -Ái ^-f ^-! i ^-, ^f ^-^..^.^.'euLj uçuuçr ,h; trta"i;e -t'-t*:: the ¡eriocl of devel or:;.rer'L'u was

d oubled.

Ioorel: d.evelo'orrrent on flours \ì',Il1ici1 rrere belov¡ B5 per

cent extraction was attribute.4. by -rraenl.;el and iSlevret'u (L9/''ð)

to a def iciency o'i B cc;;rp1ex \ritä"i.rins, 'úìi.e '.,ercentl;.ge oi

vriricl: fells as -i;he e:ciraction r¿te is lolered ( -lndrews et å1,

L9¿t2; lei_tley et âLo L9+2; iii:onas e''u &I, L942). ljinton (L9¿.4)

stateä 'cir¿t tTre scu'ùel-lu:ii f:rac'¡ion of ti:e gefiii contains al:out

60 1:er cent of 'r,he 'botal aneu.rin in the il¿he¿it l<ernel, i{ico-

tinic acid, is found in'une gerrn and. outer eniLosnern, li¡i'bh the

highest coilcen'riration in the gerni (ii:oran, 1945). i.ie also

s'i,ateiì" 'oha'i; ri-bofIevin is m.ore rinifor-rd-y dis'i;ributed tiirough-

cui the i¡¡heat grain th¿rn is nicotini.c acicL Ìrut i;he iri-.o;hest

concentraticn is in -'ohe {,er:;:" .r-s the extraction ril.'ue cf

f,lour fsl tsu tìie gert,. is el ii,iin¿rie.4- ¿:,nd, increa.sing airiounis of

scuteJ--Lu.:,;r, i¡ran and. ou.l;er end-os¡terIiL are e>:cIuLd-ec- o restt.l'r;1n3

in '1,he s'u ead;r recL¡; c'i; i cn of lì groul¡ v j-tal¿ir]-q 
"

-,.ccord"i-lg to ;,ii-Llia.us (L954) , .,.âi1i'ùol¡a l'¡i-reat ¿.nd. whoIe-

neal f lour l{ere eclr-r.a.lly f ¿LVorabl e f or the d evelopueilt anci

S'ürviv¿ìl of (j. :¡Linu'uu.s foilori¡ed b¡¡ ; i¿."te rraize and itrngiish

v,¡heat. ifa''cional f I cur (S5 per cerli e:l'b.r:ec'oicn) an0L ÜailÐ.cl.ian
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flour ('lO-''/5 per ceni; ex'r,raction)

Àshb;r (f961) f ot:nd t.trai t::re r¿.te

l:Linu'bus v¡as equal oiL irhea'i, ¿¡nci on

\'/ere equall¡,' r-r.nf¿ivorable

or l¿rvai d.evelooüient c-Í

i¡vi:.ole¡aeal flor'rr t:Ius ten

0

-1rer c ent :y'east .

-îyte (f961) , worliiitg i;i'cir stì.rr.t)Ies froin centrifugals
(sifters) i¡i fIcu,:: ¡lills in,ingiland ccnclu.ded i;hai; l,oisture

lJas b;f fil"¡rre j'oÊt i-uil:or1,ant f¿ìc'ûcr in d.e'cer;..iÌling ivnere

large r;c-pul r.-b j-cns of j¿" t,rrqqicus v;ould build u..¡r, and. nrLtri-

i;ion¿rl v¿Iu.e of iire stock had li'i'bie signif ico..Ir.ce " .r-,ef iro*

vitch (f962 ) ind-icai:ed tl:r¿.t iLLere iila;r be selecbÍve f ee din3;

l-rel:'ûicle size or'tl¡.pe cf -fcod iriai¡z afrec'r; rate of develoit::ient

ancì su.rvival "

Consiclerable worlc has iree:r ilone on the erïect cf -foocl

cn 'r,Ìre rate cr cj.evelc0iiien'u oi Tril¡ol iril.i spp ' Oh¿¡,p.rtan (LÐ2+)

S'bc-.ted that virheai gerxj. ril.ore ne¿i-l-J¡ s¿.tis_fied tire rec¿uireile¡:itS

-!^-' ^-''^."+ì^ - "^i '¡rans-iorlrìiìti-r:n 'i:nan iiicl cj.i11r o-i;irer 1;rzire or irrill-.L JJ úJ \-rl'; tJlt cLIj.L,t lJl (]v-!Iú: url:rJtJ -L:,'rr ui:Çlf !lrLl ¿.tt,/ 'Ju::v! u,l l_/v

ing f rac"'cion. iiris t¡¡r¿s ccri:obr¡r,,'ceci by üasii,iian (I951-) and

ijlveet¡ian år1d _iral ¡le j: i 1928 ) vui:o rer-ror'r; ed 'Lit¿¡_'b ì;he lrhe¿lt e=,ibr;;o

s€o!|ed.'tc ccni;ain so::.e grcwl,Jr prol,toting subÊ'uaïì.ce, i;:.rc'i \,'¡nen

'i;lte eì,ibr:,'"ro !"/âsi i-rc'¡ 'rre seili e r¿r'ù e of g.ro'',r'/'o h Ti'as re-b ard-ed. .

Uo'L'bo::r et ai (L94i:) shorved.-i;]ra-b ribci-larvin åiå not

signif ic,:iit'r,h¡ ;iiter 'ri¡re ra-i,e oÍ' grol;'bh of ,-. ccn:i'l-i.su;:u btt'1;

r,-ulcer ji ¿-i.ücl. Sinira (l-955 ) :;.nri. Llrel;r (19¿:B ) 'i'cr-inci- th¡"t it did" "

i-raeniiel ¿inii tll ewett (191=r-I ) stateil i;ir¿iì; ribof .l-¿'Lvii-r ccn't,ent cf

uåiJen'û -f I our ira.cl the uos-b ili¡ìrlie,1. efi-ect oL ¿ill-.f o-í' ii're jj SrouL)
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viianins on'ûhe grcr.;tìt r¿rie of l!, confllsu:l" i,ickel ancl;jian-ri)

d.ish (L9¿-6, 194'/) f ou.nd tir,a'¡ 'ij " confuñL¡.t,i alrå :.- " câS'úai'tellril

d.evelopecl more ra;rrid-ly on cereals ihan ctl soJ¡ p:rodlicts, indi-
ca'üitl-î '¡hat the sov produ.cts \¡/ere lacking in trecessarl/ â.-:-ot-lr1ts

oï so.i.re groiv'ch r;roa,"o'uiiLg substance o-r subst?.i1cês"

Investige"tions in fl-ou.r ¡rills b¡¡ .: iller' (L9++) sìrov'red

th:l'; tailings f¿¡¡o.red riiore ra¡iC. cleveloi:t;ieni; of l¿l.rr¡ae of T,

confusul..r 'bhal lrateni f -Ì cu.rsu Í'irsi ltrealc bein¿ oü.1;r sli-git'bty

less favorable i;iran -i;eilings, In e labor;tcr.1,, ii-rves'ciga-i:icn

l'¡i-th nil ling -iractions, iir.iiållilan anä L,osciiiavo (195¿ ) r^ou.nd

'oh¿Lt ra'ü e of deVeloi:¡:ient of '-l ' co11Í'u.gu-]j1 \ilas sig¡if icani,]¡¡

slov'ier o¡r -i;ail ings tiran on breaks, .r¡ric'l.dlings anrl low grades"

'-Jhere was no d.if:'r-.e.rence beiween 'che fat-i;e-r thr:ee,

P,ate cf d.e'f elon.üLen'c of :,-iinid beetles tui as observed to be

¡lI'¡ered. 1¡v -i;:¡tre oÍ :lood (Tiolve and r3u.:rg,es, I95¿, 1955) ¿ni'- ,:ìicir-

:i¡:d son (L926 ) f ournd. 'ch¡ri; ..nrgÈs!g icühnietta (zlett. ¡ d-evel orrecl.

i¡.ore rapid.I;r r'¡iren ";he gerl\\ of' 'che r'¡neai; kei:nel lvas inchidecl in

the icocl su.i:pl;r" ?hor:as anct Ëhe1:ard" (L?+O ) oirserved tjrat lar-

vå.e cj. C,r '/zi:.epili-lus Eilr.ri naxienËi Ê (L " ) d-eveto rted. f ast e.r on rol led

oa'i;s ,un¿r *--,' ,¡','rtt*- *' ttt-rt* ¡late of develo,onen-i: of larvae

of 'j " destructo.r Uyil, " rraft correia'ced. 'üo "bhe f cod 'cire ad"ul1,

insec'u received (iìev:rolds, Lc)45) s bu"i; this r'¡as 'chought 'l,o be

dlle 'uc 'riire "i)resence ot intracellular s¡ruribicnts ,;'¡hich s-urltplied.

vita;:.ins u oybhat the nntritir¡e v¿:.lue of 'üne ilollc of the egg

Tr¿rs t¿Lr't L;,' res-¡:cnsible f or tire acceleral,ion iri grolvi;it ol:ser-
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vecl iri tire f ol l ei;¡i¡g generaticÌl (cash¡ian, 1950) , Ðaity dis-
'úLr.rbai'r.ce a.i:cL û d.¿i-'l--i¡ ter,üteråtrr,::e orco of onll,'50 ii:iinutes d.u.r-

;'cion r;as guf,-icie.r'c'bo significi."nil¡¡ ir:creese ';he lengtìr oÍ
l?i7

the larva-L period oj: the lih.iit,,r*, bee'bIe (81,.::ges, }96å) , Stan-

-Le;v (L946) slioled tha1, high 'ùeirii:era'r,ure farrcrs rar:ici üevelop-

l,ient oi: ceTt ain insec'ùs bn'û 'cì:e nLuliber reach_i_ng the acluit

stage is reduced. .:i'li lovyer -i,eiiLDer¿i'ùureso sJ-or;rer develor-:äient

is ass:ccia1, ec1 vi'itir high su.rviv:ll "

ilhe resflonse cf ai'r. insect is e::¡-:ressed. in part by the

¡irer¡silrabl e tu.nc'tions cf ra.te of d-evel opirient and i:ler ceíl'ü gr{T-

vival, i'lïíiliin'che reilf{e of cQti;,'tutr'cel,.-¡erature ancj rela'i;irre

hnrdiii'i;;ru d"iffereni; 'ioods rtue;¡ 
"1' 

¡.¿i.y r'ro'b ¿¿ffect the rri'be of

develo i:r¿ent and ;oer cejl'ú su.rrtivrj.l-. If significrent d-ifi"eren-

ces ¿ì.re founci in 'i;hese la''c-ber i;r¡'¡cr criteriau then i'i, liiusi be

assu¡iecl 'r,hnt 'i;he focfl is the factor causing 'che ehange" ns

te¡¿oerature anrl r,roisjJrr.re condii,ions beeoriie r,iarglual any diff-
ere.ûces in ra'ie of ûevelcpr.eni and sri.rvival üia¡¡ be cl.ue to

eilvi-rorxnental condi'cicns ¿¿Ione or in co¡lbinaticn l',¡i1,Ïi f oocl

dif:f erences.

l;everal s'batistics h¿rve been cleviseû in an e-ifori; to

e\tålua'rle the e'if ec'r, of a. co¡lbin¿L'bj-cn of facl,ors sueh as tejlìLr;

a-nq.t:rr.,-a ;,1¡-i qf ,.-a^ .F^^,r ^ic " on 'bhe Ta.rtre of i ncrease of .bhegrdLrLlr(,g i:l.uJ-iJULtf ç9 luuu,-9 gL

slrecies. ?he :lethoû of Birch (1955) u.nd- tire nociif:lca'cion of

Holve (L95'ó) includ"e a -oar¿l:eier denoted. by tìre letter r and.

ca.lled, 'r:he inl,rinsic cr inf inil,esiilal rate of increase" 'r''his
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oercu.j.eter r tl,at/ be ce-Iculateci for an:,2 icind of li-fe cycle, bu.t

alrlies only tc a -¡¡ciru.Iaticn lvj-'uh a stable ¿ige äisi;ribr-r.tion.

h.ot,¡e (L95'¿ ) stated 'rthe ::Lain d.isad.vu.ntage of t¡re rietirocl of

Birch is that ii inr¡olves the use of trial r¿ncl error solu.tions

cf au equ.iLti-on, eaci: involving the su..r,iL"¿ai;ion of v¿ilu.es obtain-

ed. frolr- er.ponential t¿-,ìrlesrr o to si,,t¡lify this rle-bitod f or

'bhose not :ria'bhei.:atic+lly inclined, iTo\'íe inser-ced a rlrerequis-

ite: a ferira,le l-ife iable and an age-s-t-recific fecu.ndLit:¡ ta.ble;

the life '¿able giving l,he nrobability ar,i birth (.Ix) of e

fa,,.ql o ìrai i.i.ø :¡l ir¡a nt aÌ.ììr s,r-, .L^;'rvir-ç.4v Jv!'!) kr! v v au v.LL.! uui- u(rLr ".,¿'E ::e And. 'rit" l"-Specif iC

ïecunrLi'r;:f iairte giving ',,he fteÐ.n nu.i;il:er of fei,-¿Ie cÍ'fsi:ring

(-',oc) orcd.uced. per rr.ni'c cr -bi';e by e" f er,iale of û3e l: " It is

plsii:fe 'to ileal rvitr'i the C.er¡eloi:nen'cal jlcrt j-on of the 'i:ables

¿i.nd- tL:ie ¿l-Crult portion se¡.ra..ru.ieI:u-, In such a cä,seo a figure

f or ì;he nteai't developlrenta.I Ðeriod. is ob'¡ai¡.ecl froiir one exlleri -

lueni and il:e age-specific f ecrr.;rdit"l¡ data fro¡¡ a second. exrleri-

rent u.sing freshl.y er::erged ¿d.ults and recorcling the ni,r.nber of

ep-qS l¡;.ì fl ihf C,- -ì^^rì¿ +r-^ ^-r j -¡¡¡oi i:i 'r;r iro-ei 6f,ovoi.y ---- -)LI-¿?J-[IUL¡.t, trilç UVIf ,\JÙIt -L\JLi r.J\tr

Birch (L955) statecl. 'rt]ie iir:r.ate cet)acity is def inedr as

tire intrinSic rate of increa.Se I or i't,S el{Ðression aS a finite
rr,.{:o} rnrl.or.oh ecluals antil og T^ lhis iS the :rate of increa$erL:uvl \ g

of a po¡ulaticn cf stable age d"istri'rrution grolaing. in u.nliädted.

q-rìârìê a.f, il:s ¡-{-;.'rr''. .1 n'¡ni'i---Ir rra -ß¡r"'Ã :CtUaI f eSUl'üS Of e'.-ptJse JUUll¡lul.l Ltt ]-lÈjJ-U.V s .Ltt -LuLtllLl

T)eriril.eÌ'l-iial r¿odels carcied ou-i urlder laboratory ssn6iiions to

deviate Soitlei¡vhat frorr:. the theoreiical- calcu.l;r'¡iong aS Varia-



tions in nuil'oers occu.red-, bLr.i the value of r tvas said tc ì:e

J Cicil- ô

:rnalysis of the rrresen'Ìi resuliis bl/ 'uhe ¡ie'uhod.s ou'clj-ned

rtbcve r,vould. recluire age-$trecific fecundi'uy anð, life table d.ata

at e¿:,ch of ihe te¡rireratures included- in tire exireriliien'Gs. Áll
su.ch cjata v''¡ere no'ü obtained,. and as t vuas l¿ore concerned with
results thai; night ap1:l¡¡ in lraci;ice ra'l,her -i;han theoret j_cal

populäÌ;ion increeseu T chose to use the environrüen'bal ind"ex

.{g as ou'ulined by Sta.irley (L9+6\ ,

lìis ca,lcu-lations ere valicil;1, 'rrased on 'ühe prenise tiral,

o1:iirntrr;L envi-ronmen'ù¿l conclitions of 'r,erïlerttllreu reletirre hui.L-

idit¡¡ anCr food are not 'üncse ¿i.t lvhich the insect cleveloped

fastesl:u brr.t tirose at i.;hich ¡:ost \jTas accotaplished- per uni'c of

tirae in furthering the increúise of ihe species, tire relative
enviroir¡rentaL index is ca.Iculated b:f divicling 'ühe ,!er cen'ú

survival of any one stlige or the 'best ¿i,nii,isil bl¿ the iiüre

required io col.iplete that s'cage" Ín this vie.y a .ìieasure of

the sriitabiliiy of an enviroí,ríi€l1t is ob''cainede Lìs it tirkes

ii1'r,o account the ral,e of grolth and rnorbal-it¡r, If this v¡.llue

is d.e'cernined, for va.rious i,e¡rOeratures o'r different food.s,

its hi.qhest value lvill be â'ri the orrtir,ru¡i ter;iner.ìture or oi1

'ùhe Slreferced food." ly exÐressing 'che rel¿ltive values as a

decirrnl fractrion lvith ihe ¡aa:;irriun eciuated tc 1"0" an absol-

ute envii:on-r.nentei incl.ex Ea is ol¡tained" 'Ihis value wiIl
Tt.r'¿.v -ijænr- I fl -l' *l.a n-...|'i:'rrr'. -{-n D^-..^ Á^- ^'.Ã4^e -l'1^¡vuLJ ¿¿vrrr *.- g,t the olrti*tt.L. to z,eto d.ep,=rrurrl.-, (-,-Lr rirr.r, su.it-



ot)

a'bil ii:r¡ ot tire envirorurienil iir wrrich th.e iilsec'i, \'''JÈ.S reere d.

l:¡hen'i;trese indices are:ipplied- to ihe reSuL'c-s ob'u¿,1-i.ned" in i;ire

-oresen'ù exueriliien:r s ii is Þos sible 'c o c or.tì.ÐÊirle tire ¡u'ori-b icnal

ValU.e of 'ûire f oodsu âS 'che teL:titeL:atu.re and. reia'ùiVe hut.iic:it.,¡

were s1;andard,ized" for a]l l-¿ foocis'

.ti;nvirolitental ind.ices f cr (i. tu.rci cu.s (rieble ,ii]-) incLi-

cate that tailings and, lot,¡ grades \¡fere ijore favor'abl e 't,hai1

't,ile otlter fractiorrS at al-I teirrperatrr-reS erce'ir''c '70c*''. i,L.oSi

llrr'íí'ori-riitv -i.itOng ffaCtiCnS WaS SiiOr,,rn a'u ?OO¡t' f Ol IOTTeC-,. l:J:

60, 9C and. BOo¡'" in d-eScend.ing, crcl.er" :l']:e higirest r:elatir¡e

r¡¿rl-u es were obt aj-ned ai gOol¡ " rnd-i cat ing 'úlr::,t ihis 't, ei.,Ðera'üu.re

;i1,90,,; R.jl" w:rS irioS'b faVcrrble fo:: tile j-ncrease of the s;-'ecies

fcl] c-rred b¡r 80 , '7O and 600I, j-n cleScencl.ing orcler'. lhiS is

dif ferent fro¡¡, the resu¿l tË obta.inerl b¡,r Bishop (f959 ) zind"

Leflcovitch (L962-,), lvho s',cated i;l:at ihe olrtiir,"urri. f or the s'gecies

rïas belolv gOo¡'' Iheir resu.l'r,s liia,:f have ]:een ed'rre-r:ssly aff -

ected. bl; the fooiî i:iediu.n antl tirus not 'crul.f representatir¡e

o-f -bire re'ù e oir inc:rease of C " tLlrc icus "

¡iccor¡Ling -bo 't,lte indj.ces in Table ,'íiil:, there lTeS lrlore

ra,irid d-eveicctlen-b anil greaier sì.rrvival of ü-" {erru.ginei.rs than

C, turcicus a"',u gOoli o û,i'lü ?O:; Fi"Ii" B¡r coti:--paring rela'oive

ind-ices in 'l'¿-"ltle :i,Í with 'ùhose in 'Jabj-e -ìiliIu it â-¡l,Oes"33S bhat

gOoii, Ð.fl.d 9O!: li,H, is irire clrtinulü f or 0.. turcic!'s.' Unrl"er

aciuat rliiil conditions i¡¡here the teril:eÍati:.re of 'ui:e stoclcs is

close to gOor¡" (üable II) s.ndr the noisti;'re content is ã-Ðoroic-
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j-r:iatell/ ecluivri'l en'c to 70,., R,iI, or aborre in u-cre "Lhau 50 pe¡:

cent cf ',he stocks (ta¡Ie L ) e C. 'c_urcicl{s. ccu}d be e:ipected

to nresen'o a seriou-s threat as fi-rg ¡¡* -ro'pr-t1a'r;ion level is
concernecl " This verif i es r¡;liat actu.¿..]lJ' hr..ir1..ens in prac-bice.

lìr¡ r¡ñi','1rì'r,i'na tl:e f elatiVe ind-iCeS f o:: ü , tUj:CiCUS andrù

C. ferrrr.gineus (ta¡te ILI), i'u is iipparent that gOol*', äiLd.

70':r 4"1r" \'/as rilore suitaÌ:l e 'r,o C" 'i.exrug,ineus 'bhan C. turcictls'

T'r, fr¡OU ltl A.nnel'e'¡.ho-co-l''nro +ì^.-r-
JU L,!-.vúI UffÇ¿u:vaç9 uJLc.l'U .LII:iCJV.'l tlW.'.

ü;?inerr.s ccrr.ld buiJ-d ul; ii: . ri'l :-ing :;,ac.iLj-nes if ter,,l¡eratLìree

"*"*"e hu.niC-it¡¡ ¡,nd f'ood- were tl:e onl;i i-actors cf itl-pcr-

taance ccncerning the ra'üe cf increase of 't,ire soecies. lirese

d.â'cer ilo not 'ualie i-r'úo acco-urnt the e-j'fec'ü of interspecific

corrilre-biiion cr cro¡;¡dirrg,, anil we nusi e-'l-so asÊur,i.e 'r,hat C '
fs-¡¡1:.gineu.s is ca-ûabl-e cf gaining e.ccess tc the r-;illing

tt-"""*tr *oir:. the elev¡¿tor sec'r,Íon of the pleint"
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Ei¡j'iJC't" C¡' -,,Ii,,.i, ii{'CÜiig i,l;l *'il:i iì:'TiJ C¡- IliCilt-]Ià$JI Or¡ C " 'cu.rcicus

¿I!l) C. ferrugineu.s ltlJiill r-"iBLìF'iÏC,l.Y

-t,iethod.s and. niat e:ri als
¡iìi'¿o exire¡:-ìr..en'üs ilJere ccnd.ucted- in the l-aborator'¡¡ 'co

r:'ì Ve J,'ìr e f Ol lni,'¡i t,g i ¡'i¡7¡"r,:r.-i; iOif :Lr! v v

1) lìu.iil:ei' o-i l'1 generat ici-r ad"u.lts nrcdnced b:¡ C" lq_q{.-

cicu.s rr.ncler c::cr,vcledr con.clit ii,ns.

?-) li:r,r.nbe¡: of offs-¡rr::ig. prcdrr.ced" b.¡ oÌre nair of ail-rr.I'cs

of (i" turcisug i:ind ü. 5sï¡¿r.F,-ineus in a.3Q ci¿l:/ perioci'

-i'ire nulrrbe.r of --1 generation ad"ults of ü-" iurc-icn-s pro-

d.uced, ancì the:tean tir¡re'bo prcci-Lr.ce tirent u.ncler crotvded- coi!.-

ditions on each of 'chree grades of four rniiling frac'cions

\rras d-ei;erriiined b;r se';ting u.p 2b -pairs of one tr'íeelç ol-d adults

on three gratìrs of each:ílood contained. ín 25 liil. shell viels.

Duplica'be vials v,/ere set ttl: and the experiilent v,¡as carried

cnt in d.esiccal, ors a'c AOoiJ " û.ild. 70,,; R'i=:î" f he ori8inal ad-ul'cs

v,íere reiüoved. 'co fresir f oocl every 2L da'r's 'r,o prevent nei,vl¡r

n¡rar-anÉt o,4:r'tJ,-q fl"rrnr le.rr-ìnci eçr.-.s È.ncl ac'l di''d 'r-^'l-1^¡ r^+'11 ¡uirLberçllie t'¿3 e u l1. Lt Lr- -L u u - --._/ - --L)

of aÕr-rlts prcd,ucecl ' :lft er 65 d.a^-/s the o::-i-g;ina'l adllit s v',,ere re-

irioved. a:rd- al I vial-s h'ere exarlined ai tv/o cla;r inl,e-rvals un'uil

ell liviir.g Iarvse haCr lup:Lted- ana er,terged as adults"

ïhe nuri:,ber of ofí-spri.n.1 orod,-rceCr b¡'¡ one llr-"it' of ed.uI'cS

in a.30 d.a¡r perioä oli ea.cir of t.ire LZ fooäs r'¿as d,eterliined for



7L

bcth species as f ollov,¡s:

One pair of one rveeir clcl ad.ults'wiìs rrlsced. in each of

tenu 25 ¡rrl" shell vials containing three granrs of oÍLe of the

l-¿ foods, ;L"fter 5O days'bire vi¿¡ls v/ere exzuilinerl and a.l-I liv-

ing larvu,e, puÐae and- aO.ultS \¡i¡ere counted. 'the ex,-reL:iltent l¡/as

run i-n d-uilli-ca'ue and l''ras c¿:-rried. ou'ù in d.esiccators li¿Lini;ainecl

a.t gooi' , and ?0;J Iì" E "

iìesult s

Great varia.bility in the nu¡nber of .¡I genere'uion aclults

of C* turciei-r-s proclu.cecl andthe inean tiüie rectruired- to prcduce

thenr was evident be'r,lileen fractions anil grad"es' ljignificsnt

differences in the nu¡iiber of adults for¡rrecj \¡Jere observed. beit;-

een all four fractions (itaìrle l;,{II) " fthe lnrgest nuie'oer v¡as

Þrcduced. on tailingíS ancl -r,he s¡nlleSl, nu.r¡ber on iniud.Iill.r;S"

'-L'his coinciäes rvith the sr-rrvival d.ata (le.¡le lil ) " lhe¡:e \'-/ere

ito d.ifjlerences in the iiieail nu.nber oÍ'days reciuired- 1,o nroduce

l¡r e.dults betlveen breaks, iail ings anô. Ioir 3.r¿.deso bui nicld-

t-ir.g* o'r.* signiflcantly troorer (la¡te ,)ürrr)' 'i'i:is coincides

rvi'ch the rate cf develo,J¡nent d-ata ('f'a¡te "/II ) .

Significant úifrerences in the nurlber of .,:'1 arLuli;s

fori:red v'iere obtained beiween all ihree grades of brealçs and

'baitings (liLa¡Le lLïIV)" i¡j-rs'c Iolv grafre r.'ras signi't'icanil¡¡

Ðoorer than seconrl ori;hird. Ioi.¡ Srad-e, the lat'¡er tr¡¿o being

eclue-I" 1;o d.iff erences v:,iere obSerVeå be'ür'Teen grad"es of niui.cl*

li.ngs wilere feu¿ ilr adul'us lvere for¡recL"
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Significan'u difierertces in the flean nu.nber cf da"ys

reo.u.ired to lrroûuce i"r ad.ults \¡ìíere obi;u.ined. bet'øeen all three
cr-n¡,4 ac¡ n-F h'no,i?¡euvu ---åirs .na iiaOtingso 'oetl,reen first tail ings ¿lnd

1,he o'cher it'lc iaili;rp;s grad,es and between first low grade enû

the other tr;.¡o I oïJ graåes. 'Ihe latter tlvo grades of teilings
and. Icti' grades shc,ved. no respective clifferencêsu

ii,elative environlìlental indices i,'¡ere calculatecl, b.v d.iv*

iding the nurtber of progeny prociucecl b¡z i;he tirle in da¡is re*

cluired- to procluce thei,:. ('lable liXV) . Sig;nif icanl, cri-ff erences

in relative irrd"ices ('ia¡le ,ijilv) viere obtained be'ov'¡een all
iirree graô-es of breaks a"ncl iail-ings ¿nd betr¡¡een first loi,v

grad.e a.,-rd- ihe other two lotv gracles,'ùhe la''ctel: two of i'¿hich

were eo.ual" iìio ilifierence vúes oÌr'oained betv,¡een grades of

üriddlings ås all i;hree \¡iere equally poor. 'Ihe i:l.eân environ-

mental indices are grouoed f or frac'ùioi1s in 't'able ,îdfl., 'ihe

resulis inrlicate tailings lvas the besi fraction for the in-

cl:e¿Lse cf C. turcicus and tire oi:her tirree fractions rrvere sig-

irif i aantl ¡r iroOger. tihefe \¡üere no d.iff efenCeS beiyveen bfeaicsv\¡¡¡ v ¿dl

and. lot'i grad.esu while uiildlings rra's the rloores'rl.

AbÊolu'r,e ind-j-ces ('la.¡les )üiIV, ri;{VI ) ln;ere calculated.

by'uaking tìre irighes'c relative vallre es an absolute val-u.e of

1.0 and this highest relative va.Iue i¡/as dj-vided into each of

the oi;?rer relative valu.es" Ihe abso-l-ute valu.es allolvecL a

cornna.ri son between ,sr¡¡cles and, fracticns as to 'ühe value of tirevv¡¿ ¡¡

diff erent food.s f or 'uhe j-rrcrease of the s-i)ecies. Uonsiderabi-e
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oïv€rriat ion i¡- absol-ute inctices \i/ere cbservecl be't,v¿een grad,es

e¡Leh j:-rac'c ion except liricld"lings (rlìabIe -,';rIV ) " Cierm taiÏ ings
r-:aôq-ôô,r *n 1-e ',,he bes'u fcr tire increase of tire s¡ecies foil-ç;¡J¡JUg!VU UV VU U::V 

'JUÐU 
IU¡ UIIç JJ]V¿UøL-ç

orvecl by foLirth tailings, thírd loul grade, seconcl loi,'¡ gra.de

ancl thi:rd break v¿hich Tvere al I about ec1u.al, ,firen cair.e firs'c
tailings ancl Í'irst brealc ancl finu.ll:lr, fifih :liddlings, fifth

break, first lorv gradeo f irst iiridcllingls anól -'¡irirci iiiiddl-ings

v¿hich vrere ¡rl-ì- noor. .i'osolute inclices ('La¡te -,çiVI) ind,icate

the su.i'cabili't,.r¡ of tl:e fr¡"ctions for .i;he inc::ease of tire

species to be in '¡he orr-ìer of' tailiiegs, lclu g:::adesu brer.kË

and ¡ii.i,cllings, ilt',ilings i¡/ere rougìriy tr,'¡ice ¿j.s beneficial

fcr t?ie incre¿r.se of i;he st-recies ¿"s breaies and. low greides ¿rnd

five tiirres as benefici*.1 as nicid..l in.?,s uncler crolvcled. re;lring

conclit icns in 'ohe l-aborei'b ory ,

Uhe nu.¡¿ber of offsoring; irroduced- iter feiaa.le Í'or each

s¡ecies in 50 cì,ays in 'l,he laboral,ory ere listecl f or Ü. -bur-

cicus in ifar,rl e ,ïr{VII and for C " ferrugineus in 'Jabl e ,CiVIII'

tn brealcs, tire nut¡r'oer of off s-irring iiroclr,r.ceil b;t !i'
turcicus decrea.se(l as grad e i,vas loi',¡ered " Ûn ¡¡.iC.d-.1 ings u t¿;il*

ings arlci iorv gr:.d.es'cile nu.libers incr:eased as gr:ad.e f/¿j.s lo'v'¿-

ered, eicce'D'r, O1t gerli tailings vinic¡r IiaS poorer tlnai: -ühe o'r,her

1,i,vo gradesu bui eqr-til to firs'c bre¿r.lç' i,hen grad.es of eeLcÌr

fraction l'íere u.veraged the nu.¡tLber of of:fspring llrodtr.ced. per

fernale fo.r ü" turcicus rrvas B.Bu +.5e 4?"0 anð- 29'L fcr brei,llcs,

nidd I ings , tailinS.s and lor'i ¿_irades , reslrec'b ir¡eIJ' . iliris i-.9.1îêês
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B.l

l.'Jith Ðreviorìs elrirerilrerlt s sìrcr-.Iillg a decrease in lu.it:r"ltilit-v
of the four fractions as focd. froll tailing's to 'l oii.i grades i,o

brealcs 'uo iiiiddli:rgs " ;,.n analysis of ,J¿rj-ance si:ot'¡eå signif-
isiì:nt differences betv¿een fr¿lctions i:.nd_ grad,es, Ihe iailings
'î.rac1,ion v',ras si¡;ni:-ican'r,J-;,' bet'uer i;]ran tire o'r,nel: 'uhree fr¿:.c-

i;ions for tire pL:od,uc1,ion of oji-fs;oring, -r-,oi¡¿ grades ï/e.ce sig-
nif icalrtl y be'cter tlian J¡re¿rlçs ancl -i.iiid.diingso 'ùile latierbrr/o
being eciual (L;iD"05 ec.uarl 1,o 5,8 ) . ,¡'or gracles, f irs'u break

vlas si-:ni:ficu.nti.J' 'Lrei;ter than the ct?rer iirc grades r¡hich Trere

ocJ.lLir.l" ,¡if'ch rlidd.-l-in¡-;s r,råS eo.ual'1,o'chircl lrid.d,ì-iilgs, bc'ih- cí'-

vvhich i,Tere siÈnii:ic,Ì,irtJ-y better i;han r'irst ¡liclcll ings. ¡-ou.rth.

'uailings rias equ.al to firs'r: taiJ-ings bu'u si¡.aificanti-r¡ bet''cer

inan Serj,r -bailin.qs " Gerrir, ';ailings and f ir:st 'ci;.iLings trere

equal, 'jirird lci-i gracre iras eqi-ra} to second lov'l gracle ai:.d,

signif i cen"úly bet''cer than f ir*qt loi¡,¡ grade, 'ùlÌe l¡.t'uer: 'i;wo

gracles being eclual "

.l:'or ü, ferrugineus (îa¡te Xi{VIII ) there r.,¡eÊ i1o a.trpar-

ent oa'r,'r,erí. in 'bhe nu¡il¡er of cffs¡.lring -produced- on 'uiie d.if-f-

erent gr'.Ld-es of the varicus fractions" ìrihen gra.d,es o-f each

fract icn r¡¡ere averaged-, 'bhe nLlr¿beT ot cf f s nrinq Tjrod.Llcecl per

i-errale Ì,,as 18"0 u L2.9 u 25"1 and. È0,1 i. cr' breu.l<su i:id-d.linßs,

tailings and lotv gra.d.es e resr)ect ivel-¡.i. :Lthese resu.l'b s ¿,ìre

h.igi:er than ti:ose f ol: C. louqci.quq. on brealis einci rLidcllings and

l-ower on i;ailin,e,s ana loi'i grailes. 'i'he 'r:otsls agtee t¡ith :!re-
viclÌs e;r;oeri::reni;s indicating a decrease in suitabii-i'cy of 'che
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f cur fracticns f Tr-:::.i t:iili n.gs tc lor¡¿ i1-f!,,fl99 r o ir.r:e¿¿üs 'o o iiiid.d.-

lingË f cr the proärr c'r, i cn of of Í'si:ri.lii'" -.il â.i'i-il.IJ,isis cf r¡ari-

aì1ce siroued- no signif icant diff erences Ìretween fra.ci;ions (.,,S1-

,05 eç¡uais I 5,9 ) , iiignif Í.cant dif f erences 'rretv'¡een ¿5rrc1es ïÌere

observec'1. on]-¡r ln ',,:i1in3s i;irere ';lte 8-err,.- tailinEs i'las signifi-

can-bl;¡ be'uter than -i;he othe:r-biru'o gracles"

Ðiscussion

Bhe cal cp1*tr"U absolu.te inclices increased^ as rrilling

grade \:,/as Ior.'¡ereci in tÌre I'riilCrlingsu tai'ì jngs ancl 'i 
ov'¿ grad"e

-i.rac¡ ions o .Às i-rsect in this tiresis, ilie abschr.t e irrclex is

a. r-Leasu.re of the slri'ùabilii;"y of tire envirorlrlrent Íor the in-

crease of i;}:e SpecieS, ris tetriiierilture :nd. rel ative h.lrl, i dity

r','ere constani u tne i nd.e:l values inaÍcate 'uhat nui:ri'uional

differences of t.r:e fcods i*a:r have irad- a"n effect on ihe nuülbers

produced., lhe s¡¡ourni of 'Oran a.nõ- getti chips in relation
-i;c enclcsper:r:r i¡rcreased. aS grade TlaS lov¡ered itr eacn of -bhe

frac'ii.ons lieniicned. above " The lot:,Jes'r, of i;ire absolr-rbe inclices

i¡Jere ob-bained on r:riC,illirigs which is alnost -Dlr.re enclo$1:erm. iilhe

liignest absolute inde:i in ''uhe break 'Ìrec'bion i¡¡as obiained oi1

the thircl gra.deu 'üile f i¡:sl, bree¡.k beinS; iralf ';his a¡:ici-lni; encl

ihe fifth break being half thar of t.he first' Ii:is r*a:¡r be

exclained b¡i 'che fact il1¡rt altl:cLr.gh all the cciil;r)onen'Ü 1:ar'cs

or the whe¿t irernel are preseil'u in firS'u br'eak, the -f ood

consis''Us of large Cirl'.nlis :i::iä in'ciriS foni- trlay no't, ìre read-iIy

available 'üo 'r,ne Soung I arv¡r. :lhircl breali is siililar to
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f irs-b breali in cc.nposition blr'c ihe particl e sÍze is red,u.ceci

in ihe tirird break nrobabl:'¡ riiaicing it easier for the :yotlng

IarVa to feed," lhe fifth break ccngis'ûS aliiios't, entire-L¡z of

bran and a-pnears to be of ¡luchpoorer nutritive val-ue than

the ottrer ilvo grad-es -i.or 't,he increase of the species "

ilLricst 'r,\'iice aS r,is,ny llt adul'cS were ;orod.ucecl on iail-

ings as on lcv,i grades by C'-b-ur-cicus, ì:u.t'uhe lteån tj-ne to

¡rod-u-ce iirer,. i;,¡as 1"5 d"al¡s longer on tailiflgs. -io-¡roxirlatel¡r

25 1ier cent fe'n¡er ac1u.I'us \¡,Iere prod-uced. andr'che nLi.:,rr'oer'of da;;ig

required, i;o p::ocluce iheu. r.¡as sligTrtly longer on brealcs than

on lor¡¡ sracles" 'Irhe f ewest ad.ults v.¡ere -proclu.ced on ¡ridd"lings

and. it took ahios'c a lo;eelç longer for'cherir to reaeir:üatu::i'c5r

tiran it Crid oit '6lte o'r,i'Ler three frac'üionS" li:he ratio of nurLr-

ber of Orogeny-r:rodi-:.cerl to-i;he ti.':le require'å to prodlr.ce tjrei,r

s¡6'¡i.1d Ðrcvicie a co¡irnrehensive index of 'the suitability of

'che i:iilring-iractions fcr. tile inc:rease of rj. tryiggs- as i't,

tal<es in'1,o acccu.nt tne nr-i.rtbei: of eg,gs taidu rilorialit¡ of eggs

ancl larvae ¿ind rate of larv¡"] d.eveloplteil'b" It alsc includ"es

'ùhe eff eetS of interaction betvueell 'ühe Variou.s stages Su.ci: as

cocooll ð-ai-r:age by' larvae.

0n the besis of t,he absolu.te environ-jilelt'uÐ"1 indices the

four rnirling fraciiorrs cu''n be rcughl¡r d'ivid'ed i''r'bc trvo grcu-ps:

brealcs and ririd.d,lings on lvi,,ich rate of increase of C , turcicus

xVãS lo,;v, ¡tncl 'oailingS and- Iol,l ¡,rades cn Yihich it lvas high"

firis coincides Í,Jith t¡.e resul'r,s ol:tained by Sri:iaililan anä Los-
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chiavo (1952) for t" conftr-su.l'i"

tjignificeni; differences \Teile sirown beit.¡een gL:ac1es ii¡ith

resi:,ect to botn n.ttnber of .i', ad-u.l'us produced b;' Ú,. t-urci-cus,

r:nd, ti:Le r¿ean nuil-ber of da.;rg reqtr-irea- 't o Ðrodu'ce thern" rirese

results rra,¡r Ì:e du.e to the u.neq'rial d'is't,ribltiion o'i nutrients

in the varicris sr¿,.d-es of each fraction (t¡iÌ:le t ) . i,,'iddli-ngs

are i.iost Ly end-os-r)e fi:i l¡itir I ess irroteirt -l:r:-:n is preseilt i.ir 'che

o-bher frac'üionS, -¡irSi: and tirird- breaic contain all 'the eSS-

en'r,igl ¡ayi,s of tiie whole lcernel tr¡hile'¡he fifth l:::eak con*

SistS of alnos,t pu.re bran" -'ire retüoyal of ,?.eril i:articleS

fror¡r the cliei, uelr be the reasoTl fo¡:'uhe poor ra-be ci increase

on ti'ris f oocl. :tltircugn .f j.r'st e.lld. 'ci:-ird, brealc ¿re siniilar

ch.eriicall:/, i;ire fac'o tha'i; 'chircl- breaic ccnsists of f ineir Par:-

'uicles ila¡r rrtaiie it easier for the insect to eat ' This is

reflec-t ed in rate of ,grcvrith and- reprod-uc'üion'

The nunber cf orogen¡r lorod,i,tced by one ?air of aaulis

of each s-oecies in 5O ðtays sirou¡ed i;irat for'0" t.urcic}Su 'l;he

la::gest nnlrber of lrrogeny t¡';as fornreci. cn 'i;ailii:gS, the nuÍ't-

bers being reilu"ced on l-olv ¡,irac1es, brealts and iitidð-lings in

deScending order' CoIuO¿¿reCL rvi'cir the 8,6 cf-jìSpring peT' fe¡inle

of C * 'üu.rcicus ob-baj-neû b¡r Bisirol (L959 ) f or the entire tif e-

time of i,he feii¿rlen ihe present resu.li;Êi are high. Bi,shoir (L959)

used equal- pa.rls of' r"¡holer,vheat flour ancl r'¡lieat gerlr' aS a foocl

ßed-iuilr, îire ,oresent results inc],ic¿ìteCt r-roor lrrodu.ction of pro-

geny ofl. €¡;errl 'uailings r¡irhich is ?rign in protein (T¿lbte I),

al'chough tTre presen'b ::esu.lts oj:'14"4 progeilY per ferrele in a
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lel:i-od. of 50 ci.ays is ¿L,¡osi iì-oubie 'uhe figure re;oor'ced. by

llieho¡ (1959 ) .

.ll:e resl,.l ts o'¡i,',i:rei. fc:: . ferruqineu-s inäicateð. that

ti:is species shcwed less variil-ti.o¡: j-n number cf i:r3fÍenjr fortned

on the c1i-f :i'erent f cod,s ih¿ir" c1j-d C , tu-rcieus " ir'rost of rsjlrj-l1,3;

of q. fg,r5-ugln_gu.s- i.,vere nrcduceiL cn tailings; feirer vilere ;rlro:

cl-uced- on I olv graåesu breaks and ¡,ric'].dlings in descending ord.el:,

'Jhis coincid.es r¡vi'ch .ci:e resu.Its oìrtained t¡vitir C " tu.rcicus.

lfhe nu.inber of insec"s in the various fraciions in r,¿il I-

ing ::racirj-nes v¿ill be deterinined, ìt;¡ the nti-cibe.r of i:rsecis

add-ec1 'r,o ihe -frü.ction ¡ls v¡eil as by the suitallij i'u;/ oÍ' tire

f ood f c.r inseci g;rovrth a.na reproclu.ct j on' IiiIh-s and. jìcth

(l-950a, L950b) deilonstrs.ted, iha'c attr¿'"c'o j-cn of 1, cas'¡&neitm

tc flou.r r:r'as aff ected. bl¡ tire l:rroistu-re ccn'r,ent of iire floi-Lru

d.elend.ing on whetirer the insect,S \¡iere sl,ari¡ed- or Sa'uiated-

'cire¡r L.rigir'o ite aiiracf,ed. or repel lecl by 'focd of a hi¡rn ¡iioj-stu.re

cont en'c " Tyt e (196I ) St'ni ed. th¿Lt l¡.roisinre cont ent of 'u ire

fno,l nirira¡-rerl to be ihe inOSt ii:l:O1''t,ant factof in ileiefrrinlngsr:/ '.r vs¿ vw

r¡¡her.r+ 1a'eqe irnîìrl r¡'¡i nns nf ü " tll.f CiCl,f S V¿Culd. blf il d Uo in niI'l S "!lrlg! ç rea ¡5v JvvÀLçv

,i,l:le nreseni crata 'r,end.S 'to 3ç-Fr-ite ì;hi S bel-ie-f ¿s signif ica.nt

dir:Êere¡ices in the nu.nber of oflr¡nrinpi prcciuced. rvere observeil-

"oeirr¿een -f ood.s r¡uhen ¿noistu.re ccn,uerl,'ü \"¿as nel cl conÊ-ì:eni.

Insects can Ìre int::oii.Lced. i.ntc ¿i nti lling f racticn by

ciioice u b;'¡ cirance c:r b^y boih (:ioschiavo, r959 ) ' rn f lorr'r

uril l-S r;vhere the Stocks are lltoved. ülainl;y by gravi';¡r, in$ec'i; d"is-

g

i
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t::ibtiiicn r,ra;;z be bit cha::rce rliore So than by cjroice" únce-i:he

insecis d,re;:,reseni in a particular siock their ra.te of in-
cre¿ìse lrey lle governecl by i]ä'uriiio.aal value as l"¿ell- asthe
'uernperci.ture end iloistu.re conte4t of -i,he f cod".
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:ïj-¡rì'jiC:l O-Lrt Ì II.L ijî0CiíS 0i{ 0VI}rCÍjItIûi'j rj,r- ü " tlircicus ="irÐ t "

1è-î'(111 a/r nôì?(¡

i:.'ei l:od.s and .ma-r, erials
riìwo exrJeriJrienis 'üere cond.ucted to d-eien¡,ine the efÍect

of food on eggr prod-ucticiL, Uhe first v/as carried out in des*

iccators ¡ra.intained. at gOci'. ar.d 9O;; fr.i{, One .pair cf one

T,¡eei< old. ad.ults cf ü, ì;u.rcicus r¡'¡hicir i:ad. not been aLl s1',¡6¿ tro

¡ri¡lla rirê-,âô n'1 ;:ggf, in eaCh Of f iVe, t\r/ù Cl,ii,tCe S¿r"lVe tinS CCn-9 "'" "

t-r,ining one gra;n of orLe of tire L2 s'u ocks, ilggs arncl you-ng

l¿¿rvae \yere r€r:.oveCì i'ieekl¡r. tr'he experiirien'o l¡/as 'u er;rriita-t ed. a'û

ilie end of seven vieeks because eBß lal/ing becai.re ert:¿rtic,

Ðe¿¡Cr ilales vrere replaced a'ii e¿¿cir ex¿¿i;iina'tion and fe¡iales l'¿irich

d.id not l*1,¡ eggs !-rere d,iscarded ancl replaced.. "{.lthou.gh a ster-

eoscoÐic irricroscope vias used-o i'b is 'orobaì:Ie th¿,.'c egg coeini,s

Tvere lor¡verthan ac'üual since soüie of the egßs iiia¡,r þsys been

..:^^^.:r _----.-!-:rlll.Êr'l .iz iir i:he CO:.;frSe:f S,úOCÌíS"lill-ÞÞ |JLi I IJJ,J- tJ I(.;L{f,c}-L J-J' Ili uIIr

li'he seconù ex}eri-LrÌent was conducie6- in the sa¡:ie '\¡/a;1 g,s

the first, i:'c:: eacli of ü " tqrcigLls- and r.j." f err-u,,gj_neus, excerlt

th,*lt tTie relative hu;Lidi-b;,, rvas Iot'¡ered. to'lO per cenii.

ilesu.l'c s

,j'Ìte resu.lis fot e:i-teriiiÌent ol'r.e are Drese:rted" in ïable

lüilìi and. sririrlarized in 'Jaìrle ji";i. 1'here ï,Ias i'Lc significant
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üif-f erence in the nu..r,rbe:: of eE,3s laiå bei;i'¡eel br'ealçs, 'bail-

it¡1.* or 1o.¡ graaesu but sigiiificr"nii¡r -i=swss eggs \rvere laiC

on nid-c1lings. ?here l/â.s ¿) significan'b oifference in ihe nuÌtÌ-

l¡er c-; eÍ:,s Iaid be'br'reen ee.ci:. grade of 'uailings i,-;:i'uh ferver

eg.a,S being lE"iä ¡;"s-bire grad-e was lor¡,¡e::ed" :-of"e e,!i,gs \r'lere laid.

on fíf'un breait ¿¿nd fifi;h i,ridd-Lings 'i;iiarr on firs'i; and 'r,irircl

break or f irst and thi-rd ridddlings in thrrt order. Signi.l'i-

cant'l iz -i'e\,,/er eF,EjÊ rrrrerle L¿.iil o¡ third I ovr¡ f,.r;.de than on firSt

or second. Iow gr¿lde" ifhere rvas no d.iffe::ence be-bli¡een ei-i;l:er

firs'u end- third. b.::eale or first and secor:c¡. Lc\'¡ qrade.

:llhe resu-]-ts -i=or ext-reriirient trvc are Ðregented" in ,jable

,,'iriiil f or C ' ï1l:icicu.s and la,ble ;i;üII f or' ü" ferru.gineu.cru :ì.

Éiu.-:ùia.rj/ Fcr bo'bh s-ùecieÊj is ,:.ivei1 i:r -.'aì¡l-e jIClIIf ' 0 " I-ql-
cicu.s l-aid sigl:rif ic¿Lntf¡¡ teÌïe:r eg,?,s ai 90o-rr ' aitti ?O;, P," ii " on

breal<s anÒi loli,' grad-es bi'r¿r.i: on ta.ilings. i'e!-'¿er eggs 'Jere

l¿id on i¡idd"line;s iha.n o-i1 e.nlr oi;irer fraciion" r|he nu.tiiber of

eggs laid by ,J.. tu.rcicgs cn first br'ealc vl¡is significtlntl-y

loi¡¿er tiran tha'u oil ei'cher ''r,irird" or fif'ui-r breal'i I'vhicl: vtere

ec,.uåil" liignifican'cly feive:: e¡;gs \'vere I aid, on f if';n rlid-dlings

than on ,-irS''; cr 'chirrj l:idcll ingS" lhe ia'cier two graC.es Ï,'êTê

equ.al. ilo si-gniÍ'icrnt C,i-Í.,-ereir.ces 1.'i ere obsei'vecl iretr'ieen

¡.rafr-eS CÍ 'c::.ili-ngs, b'ut Sígnif iCi-,tl'r,l¡Z f er¡¡er eil[rS Y/ere lsiid oi'].

'j'irst ¿nd tirirå 'l ol'¡ grades 'bhan on seco;rrl I o't graLcì-e.

Sishoil (L959) i:e,rorierl tire Iifel,ii.e åverage nulriite:r of
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eggs I aiå 'oit i; " tL.r.:rCicLr.S t o þe I C\-,'er titail tÌre ËeVe1t ueejc

rivrlr:-:,je cjt-lai¡red- in 'i; jre -i,i:esei.t'ü s:'t L,.d.-tr 'oc';ir at 90 ;"nri '"/ O-,.,

i-,,i.i" ihese ,li-:i-erences i-a¡r bg e:E;l aineC. b:.2 nu-triii:nal c1i-'if-

erences in 'uire -Í'ood tried.is.,

Ü_" fSr-rltgrnetls_ laio. jiloTe e3:-,.s than tj_" luiti:cj-cus on u.l I

frac'cions e:ice-ot 'ce,il ings (le¡le ,L,ü{III ) , 'r,he lieãn of i;ire f ou.r

i:ractions being 6ir,0 etSs per feilale or 7 "Y eggs _!e.r: fe¡,iale

iiiore 'ùhan C . 'tu.rcicus. 'Jhere \¡/¿rs -tto signirican-b c-ilff e::elice

jn 'clle nLrL.Lber of egg.s -i¿irl- l¡:l' 9" ferr.urS,ineus on 'i;c,ilin-ls or

I cr:¿ i-lra,:les, bllt 'uheile trere -iei¿er egls l¿ici on iri:eaits " ilg.q

]trcilu¿ctio:r cn idcld.lings vas sig,nif icantly lcl,Ter '',,hen oÌ1 ¿ìíl"ii

o-uher rra.crio:r"

Ihere r.'!ere ilo si3nif ics.nt rJ,ifferences itr the nurLì:er

of €ro,gs IaiC. by q' ferru.gi:rePs- on v¿:rious grades or ì:::ealcs

aniì- lol,; gracles. I.lor r¡;ere tire:'e åri1y cl.iff eltences 'oet\¡'¡een first

¿ind tllirð g:::Lde liid.cti-iiigs j:ut'ühere ïi¡erê felver eggS laiÕ cn

ti:e fiÍth gTod.e" -cignific:rn'ul-y fe-l';er eLqçjS lIelle laid. olf Serli

-!ai1-ings i;ran on 'újre 'i=ii'st a:ncl rcUri;l:l gr¡-ìAeS u the l-¿t''c't er 't,\itro

being ec¿ual.

_1,)er fel:iale per 'or;eek d,ttring.

cviposition perioä on eec?l

of '¡he 'iour i:raciions ('¡l:.ble :üüiIV) , 'r,he r¿rte then fa]-ling

g'read.ily for tne::epainde:: of i;he e>lïreL:iritenial l]ei'icd, C'

fer'rugineus laid '],rcre e8;3-s tha:r Ü , t,arcict-l.s excelt'r, clu,ring tire

0 " t,qrcictis_ l¿Lid" -rjics'Ú e8€{s

-Ì;ne second- rveelc of '¡he seveil r'¡eelc

f iret 't,nro t:veel'ís ancl, col'L'r, increü 't, c

ra-[e cir-rring 'i;ìre L:er.ainder of 'u]:e

L*1.¡ úL'ü a f ¿ii rl ¡z c or: Ë-b snt

seven rr¡eelc .¡ericd (trr.ì:le
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i{1"il.(r,r ) . C. f er:-'u.gineus laiCr jilore ei-fjg than dad Ü-. turcicr-:-s

on a per feiiL¿Ie basis ii'r 'i;ire seven rveeli -ceriod and- 0" ferr-

u.giner-rs continu-ed- i;o La¡' ¡€-¡rp¡¿ tir-is peri-oct' i]-"

Jrr:, rl9*, eggs on teLiling;s, tirhile C-. fe::rpgineus.

eggs on breaks' ilo'ch s.rlecies laicl significaittl-¡

on riid-d-lings tnail ort ';ire o'cher fra'c"r,ions "

Ðiscus si- on

rhe nu.rirbe:: o,f e:jJ,',Ë l¿iic1 b"!t C, tlrcicus atLd- C." f efrugineuq

a.::e ¡iffeci;eå ìry'clie qu*.lit¡¡ ojj'l,ne äooðr avarlal:le tc i,he aduli'

fe::eles" ,I¡is disagrees ir;ith the wclic of Ðyte (196f) ivìro si¿l'ued.

'îit aÐpe€irs thet nri.n'oers of ü, 'uu.fqig_l-1s are direcii;r de"lrendeni

o.n,¡iime and nois'uure content bu.t til;.i d.i.if-erent Ievels of nu-t-

ritional val lre ¡-la,lie no d.e'cec'oable contribrr.tion tc 'ülie*qe llurtllersrr "

Àt gOoi¡. an.i1 ?0.; R,ri., Cu ferru-,gi4-eu,s l-aid ;i"rcre egtls -rler feliã'le

ih¿r,n did C, Ì;urg j-cu-,S., lhis sgrees ivitil '¡iie ivo::Lc of lishop

(Lglg) exce'pt thaLt iris figures for eg.g lirodr¿ctici:r' ere lo1'r'

iie recorrred '¡he lifet j.rie åverle¡e nt:.liber or eggs per fer'i.arle o'f

ü u turcicuS ¡"nd C, f errugineu.s i;o be 6"6 a.nd 'ð4'5 reSlrecti*

Vel y, l-vhe1, eASu in the presell'[ Str,Ld-;i, Llnclef '¡he ÊAlie conclitions

of teini¡eraiUf e and ::e-l-a'r,iVe hUniOi'Cy, ã Seven vteel: to'cal Of

51 ,5 a.nð. 65,0 eg;¡s Ðer feii,i¿¿le lras recoril.ed,. Ii'L o-r:elii,iinar;z

'CeS'OS oi1 OV1üOSi'cion in 'cne iabOfa*uOf;r it WaS ObSefVerl i;Ìlei

SignifiCaïf iJly :f el¿er e!-3S vi ere laictr r,vhen 'uhe f erii¿¡"leS r¡¡efe

caged. i.n 5 ril . shell Vials hha.n i''¡nen tl-re:i tvere cageo- j-n two

tu.rci cus

laict .iilost

fet¡¡er eg,:js
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oir.:r:l.ce siìl ve j, ins ;ii'ciror,rgi:Ì 'l,.jle j:e \1iås :ì.i'l' er.ir-lal f ood su1¡pl ;;r '

îhe di-.i'ference in i;he nuliber of eg.is laid- ilråJ/ nolre been clue

-'cc su-rface are¿l" Bishor¡ (f959 ) did no'c specift,' tiie size of

the cage used. to holri insects in iris ovi,oosii;ion e:rperi¡:reiLts.

Õage size iheref oreu uLa¡¡ irave resu.'l i;ed" in an unc1er est j-za'cior-i

of eg¡ proilir.ctiol b¡z -3isiroir (l-959)"

Du.ring this inves-l; igiit ion, jio e4g, c¿"nni be.lisri:" by either

s!ecies rvas obse::ved.. shens-Ïcl (r936), riitet'c (1949) ¿.nd"

ì3isho.o ( 19 59 ) ¿r.l-1. l:e-rlor'u ed 0." åe.r:,*g]ge-qs. 'o o eat it s citn eg:rS '

If eÍîg,, c¿L.nnil¡aì j.sil was a factor in '¡he preSent e>lpe;'i-i,ie:rtS, egg

COLIn'ijS Wot-r.lcl be lov,¡er than acttr.al, T'b iS reåsonable -bC aS$u.lte

-'¡hat a species rv j'uh c¿rnnil:alistic t end encie s rvou.Ici be i,ios''t,

al¡ulrlant in a foocl- lvhich was ¿deciu'ate nu'brii;ionall;i anå in

r¿nich ,6he i¡sec'c couid best proiec'; itself frou. cannibalisli,

|Lrhis assu.rnption is si-ibs'uantiated. by the ciata t'¡Lricir shoip the

?rigtrest nu.nber of eg,¡;S ï'/ere -1:resen't, in 'i;he brea}; fr¿ic'L;ion'

'Jnis is the coarsest foccl. lta'ceri-¡rl includ.ed. in '¡he e:ti-)eriiilen'cu

1,here being nuüierCuÊ c.racks and. cre\ríceS tt'rhere eÎ:gS could be

deposited and be proiected' from ca:rnil¡alisl.,r (r'iP'u're 9 ) '
ijl-iiiilh (1962) studied- the raie o-f oviposition of c.

fe{ru_g,Ln-e.ue cn \,ïholeiireal flou.r ¿:nd reriorted 'i "21 eggs per

feiira"le -oer day over: a 'óO åal'¡ 'oerioû at BBo-ìj'' and' ?O;" iì"IÏ'

L:¡ìor the f irst 50 d-a:l¡s of 'hhe -irresen.'c investigati on, q 
" -L GT I -

i'lqineus fcriial-es laicr- äLil aVer;)!.e 3'F 9"? egls ler fei':aie Pef
-...'.'k
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in r¡¡hieir eggs and. larvae of C *

a.nt1 esca,ile fro¡r cannibalis¡t"

cracks and"
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day ai 90oil'" and 701å tì"I'I" lhe increase of al¡¿ost 2'5 eggs per

ferrial e lreî dâ.r¡ r'¡r¡r¡ hqve heen d.ue to a cont'oina'iiion of particleI Vrl.L?¿V }/v¿ vu¿J r:auJ/

size cf the ioodu sligh'cly higher 'tei.Iperatu.::e and nn'bri'uive

value of the food" ln a period of 25 days, iìilet'c (1949)

found the r¿¿te of ovi¡osition of 0.. feq{ueinegq on lv}role wheat

to be 2"54 eggÊ -per f'eili¿le ï)er day' iihis is consiiLerably loi'i¡er

than 'che resu.lts ob'cainecl by llriiii;h (L96'¿,) or in '¿he present

investigaiion, and^ it nay irave resultecL froli the fact 'bhat

Rilett (1949) did not reniove eggs or :zou.ng l¿irvae but vt¡aiied.

for ad.ul'os io ilatu-re ancl eliLef'ge. lhig filay nave resul'oed- in a

disi;orted pic'cure of ovi-ccsition d.rr.e to r'lor¿üai-it¡'u pariicu-larI;7

if c" ferTi"gineus is c¿.Inniìlalistic, Ii is also possible that

i),ile,ctr s resu.lts (fg4-g) rvere due to the f ocrl, on t¿l:icir th.e ad.ults

T,/ere rea¡:ed.' ?ïesent resr:ltS initicate 'cir¿-b f ood vuil-I ¿ilter the

nur¡.ber of eggs laicl" ithis ind.eed is an ir.portanl' f¿''c'cor not

includ.ed in investigations by Hilet'c (1949) and Srnith (1962)"

Lefkovitch (Lgö2) rearecl C' tqrcicus on whe¿rl'feed' and

recor¿ec1 8,,7 eggs per female irer lveek for 'ùhe fir'st seVeil

vreeks of the l2 ln¡eeks he s'uu'died oviposition at g0ol¡' and 7O';it

R,Ìi, îhiS colùrlares 'iavcrably wi-bh tire results obtained in

iiris siud-:z shov'ving en averi:r;ge of 8"9 eggÊ per feruale per t';eek

e,t, gooli , årrd- 9O;, iì.]f " Ihe increased r¿'f,e of ovipoSition re-

cord.ed for the present siu,d¡r on breaks, tailings a,nd. lon

grarles anü the cle-pressecl y.¿te on midd"lings nay be exlllained

on tire lra.sis of nu-r,ritional- Value of the fcod" 'Ìhe food' trledia
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used b.'¡ L,efLccvii;cb (L962 ) consis'ced of br¿rn and enci.csnerlL

¡rilicn is e less nir.tritive f oocl, 3s sltggesbed b¡r cneidca.I anal-

ysis (ï¡lbl-e I ) tirs,n ';he break, tail ings or lotr gra:d.e f racticits "

Cn 'r,he blrsis cf €"=S ¡rcdu.ctiono g" f erru,'=li:?eus- ccu'l d-

nns si lrl r ì-renor¡ç rioÏ' e llU.Ir-reroLlS ihan i; ' tu.rcicu.s in ririllt-inguçpÐLU!J

rnacirineS" ll'his dces noi 'oake into acccunt sUcir faci;ors aS

in'r, ersi:ecif ic co.;iÐet it ion or canniiral istüu bu-'c i'ü is certainl:,r

reason 'bo Str.speci 'r,ira.t 9"" ferrttgilegs- cou.Id. become a rres'1, in

flour nills if it coul d overconie th.e iiiechanical ì¡ar.riers such

¿Is cl eaning of the v¿hea'u and scolr"ring rvith l/a'r,er, lvìrich iend- io

keep 'uhe insect ou.1, of 'cire mitl even l,ircrigÌr it iiay coüe into

iire elevator poriicn of 'che ¡:larnt witir the l¡ireet su.:ç,:lY"

Oronbie (Lg42u L944), ì3oyce (L946), l,âclagen (L932) 
'

iì.icnarcLs (Lg4? ) and" j-'arlc (L955) reporied tha'c insufficient

food- had. a d-epressing effec1; on egg procìuctioï1. This factor

ccu.l ,å nct elcert i-tsel-f in 'i;he -present investiga-uicns as cnl¡5r

Cne pair of adu-Its l.,JâS i-.laceÔ j-n eacir cfìge ''¡['¿ir an e].ceSS of

f ood_, t-,efkcviich (L957\ clained '¿i:at changin¡:, 'i,ne food- for

oyigoÊit jr-cn e:<i:e:riüientS could delress or j.ncrease -Lhe rate of

egg Lz.yiny. or c]ela¡,r -'che onSet cf oVipoSiticn and- so not f.ìive

A 't,-r7e piCtU.fe" l-n the r'lreSen.t eiiïeriLientS, i'c lVâS fel-b 'l'hat

enough f ood. lvas -present 'oo -pretrent anpreci-aìrle contalLin¿L1,ion

of Ì;i:re food t'i¡i'oh 'the reSr-ilting erfec'o cf d-ecreased orripoSi-

ticn (¡erk and". i-LoYd-n 1955) "

-r.a::son ¡;nci .riisher (L924) fcr-ind- ''cn*i feed,ing Br'-tchus
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û,u-aqrijiia.cLr-1,à'rìq-s.-i';'ll"sLr'ils-i'aniiarl-rrincreased'c\ripcsii:io¡1"

Bt alce (196r) obserr,rerJ. 'ch¿rt '¿he j)resence of Íood. cricl ¡o'u sig-

nifj-can'i,l t¡ incsease cviposition b¡r .t.n-';n-¡e,lrl.¡-s i'-e.rbasci (L" ) '
itire rresent resu.lts leld. su.-¡l':or-u ¡o ihe il.¿-lt¿r. .¡a.iiierecì- by

l.,arSoii. f,ir:ld ¡riSller (1924) r¡¡hicir Shoi'ved the.t foc'l- diC- af rec-ì;

oVíTrcsition, and. a¡:e contrad.ic'bor"tr tc the resu.Its of tsIake,

(19(iI) , 1;yie (f 961-) and l,efkovitch (f 9ô2Ìr ) , a] I cf uiroirr clai¡ied

"Lha'b fooo- had lii;tle cr no er"i'ec'i; oil-'che rete or ìncre;lse in

itLih-'b ei: -q of inS eCt S '
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ri..rrr,.oinclrs

iii tsY C" 'r,LlrcicuS

i;urcici-rs oi1

ri:etho-ds and materials

Eff ec'b of f ood oarticle size on ovi'oosition blt Ç " "7urr-

cicìls and (J, ferqugineu,s lvaS åe'uer¡lined. u.siirg first breaic

Siock as the f ood- ¡aed-iUtri, Duplica'úe loi;S of ten, 'ùft'o otlnce

salve t ins eå.c]1 c olL'û ainj-i1,1{ on e Llrâ¿r''r o:: -i; lr.e f ooû rilat erial ¿ind'

one ri¿ir o-i one i,veeiç oto- ad.r-'.lts cf eitjre.r: si:ecies i¡¿l:ich had-

not-oreviollsll/ been ai-Lorn¡ed-'Lo iiLate \'''lere seJú Ì1Þ. In half of

'r,ire 'bins 'ihe foocl consis'cecl cf trartícIes cf fírst breaic S't,ock

sufficientl;r large'bc'ne retained by a l0 r¿esir to the inch

sieve, In -'che other half of the'riins iire fooil- r'¿as first l¡realc

si;ock v¿hich had. been grou.nc1 in e ililey i'iill su.fficien'cly fine

J:o .âss'lhrough a 5O liesh to the inch sieveu 'l'he tins were

stored. in desiccators at gOor+* â.i1ù ZO;, a"H" fcr a perioiL of

severl weelis" liach r'¡eek the eggs and larvae ïJei:e relllcved""

:ìqsult-s

signiriceil'r, l;,2

co¿rrÊe food than on

-,rn i¡r,qfai-ene.e fcr afrv

ineu-s (Ta¡1e KtiliVII )

ferver eggs \rvere laid- irY jf'

fine food ('l*ble "¿ilíXvr) br,rt

ile,"rl, icu.l¿r ,ûart icle size bY

' 'Jhe tllean nu.¡nber of egi::s

v'¡eek f,c:: 'oo'1,h sirecies oil co3,rÊe '¿ncl f ine foocÌ' {llåbte .Ji'iVJ-II)
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Sl:totiS tirat ,.) n tu-rcicu.s I*,iå i:iüSi egES in 'i;he second- 'u:¡eeic aiid-

ovj-positicn d.ecl íned s'ceaail;¡ fr"on 'ùhen on until- 1;he encl of

'i,he experi-.,entaI neriod." During 'cire firsi lveeku Ü. tr-:-rcícLr.S

Iaiil r¡e1';u" fs1:r¡ eggs on coal:Se fcoù a.nd. rian¡¡ on fine fooil' .¡'rcn

'ùl:Le 'bliirC. to 'i;ne geVeit'ch v¡eelC, rcu¡;ìrl ¡r tUice ¿ìS iiianl/ e .t¡lS

lvere teid. on fine food. es o-r'r. coarse focrl. I-n ine firsi: rveelc

oi: c¡¡iloSi'r;ioltu g, f e.rrui{ineu,s Lr¿id- reLai;ivel;¡ f erv eg,ls cn

coarse focd:in& Ver:!¡ few on fine food." ì:ry the second' \'veek,

eg,3 ;rroch-tc'ricïl cn -.fi¡re fooü itad. akLosl, åc'ull-ì ed- ijrcit oÌa cosrse

f Ooú, if tr-'ú f roi:-L ine ihi::d. 'C o the seVe.r-i'cn ir¿eek 1,he nurrli¡e1 c-i

eggS laid r,¿a"S s"oou.'t er;,Ual on bo1,h -'c¡lpeÊ of foOd." ç). ferÍU.g-

iiterr.s il¿Lintained, a fairly consbant rate of egg 'prcctu.cti on

fror,i week io week vi¡ith al.Lit.'-.s'1i &g jìråil--,¡ eggs ì:eii:g, laiti per

feri:.ale in'uhe SeVenih v¡eelc aS in eacl: of tire ÐTe-UicU.S four

or f ive i¡/eeks "

Ðiscus si on

i,'ood. -p¿Lr'ûicle síze did- nci; ¿f-;ect t iie

laiä per t'etlaie ,,:e.r vreeic by Ü ' {-eL:!'ug-ineu-s '
Iaj-,i- *igi:ificeil'ùi¡l f ei'ier eggs on coarse Ïood'

j:)revi ous elr0erijjLe11'ù¿rl lvork has ind.icai;ed- tira'u

d.iff erences cf f ood will ali;e:r 'uire egg I alring

ü u 'r,ulcicu.s ¿indr C , f errt-r¡1ineu.s. 'j-' c r:ed-uce i;ire

rirrl -;,ê"a n-it' êoriJllf Lrar.u v¿ v¿f L'v

but ü. 'cLi.rcico-s

t i onal

i'r,;i cf

t i on¿-il

iJ-i'¡n-!
f,aaÐu

c$'Ðac-

.I.IL{ trI I-

e:l-f eci; as ltuch ::.S pcí:Siille in tl:iS el{Ðerj-.:lretlij e 'Ùiie

breal; stock l'/tts used" 'r'his s'ricck ccntai-ns all 'i;ne ccn-
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ÞoLlents of i;i1e trirea'ú lee::trel , aitö wilen p¿r,c c, the iood v,¡;;'s

¿,.fOLlnä in'i:i:e'riite:V .,.i'ì I, eli't,rej.ir,e Câfe \r"IåS e:refCiSeä'r, O S ee

'i,hâ,'i, ¿,:.-l-l -bire stogic ,cassecl -bir:rongh l,i:e rr.3.ciliÍle. Ii:.is t¡;as cìone

so ihe c.hexiica] coii,trcsiiion oî 'i;he fine-ty g;round fooa had- no'i:

been altererl, !-ite feci 'bh¿l'i; f ood ¡tar1'ic'l e Ê-i ze did, aftect

eå'.g r-rrcducticn of ü_, tl1l9i9l1s, ànd, d-id. not ¿iffeci 'üjla'ù of Ü.

+^^..--,- n-i.¡a,r^ :;.- ìre e:¡-,rl ¡..-j ireC-l C;f t.tte ltaSiS C:i -brre enVif Ojtj,:en-ijICrl I ¡-r¿irl.l.ÇL/.!-) --:c!./ ut çr:-r-'rc;+rri

t" tr,rt"t ""cil Si:ecies is usua-Lly f ound i::r t¿;n¿cLa. -q. .t-u::.cisus

is r.:r.sr-r.a-l-l ¡,2 :ì-sscci.tr.'i,eå v,ri'i;jr ;:dl-L r:-'cccics 'r¡ire¡e ''¿he whe¿i'1, Iierflel

nçrs been ¡airtl-;r or coj,rnietel',¡ 9.rol:.nd--uil¡; r;" 1e-q{gg*4euq is

usr,:.al-l :I a.ssociateit witir v¿ircle Íìr¿r.in anû is, l;here-io¡:e, ã,d-ii1-"6s6-

tc-, la;,' i'¡s e.r-Ì: s cil co¡..r:se ,.ta-[eri¿ i " ---,o-ti:]- species ìreve 'oeen

feareq on ïfiloIe i¿ileLii i:: i.;¡.e l-¿.bora'r,or.-/u U " iU.::CiCuS LnCr'

eased f'oilr-:f o-ld- and ti. ferlugi_rle¡.'.s increased twenty-Ïold in a

lrerioil of Õ0 cla;;zs"

If sxial-l lar.¡¿r.e 1ia.d i:rl''c been reiroved eaci:. ï'JeeK ùurilg

-che cur::e;it s'üu.C.:,,t i-t is âssi;.lLeci- 'ch¡;'b e. leLrger' polllri¿ì-1" ion o-í'

q" f9.r't'u,g"1"9gP. t¡'¡cr,i.lt have builj: i-r.! on -bhe co.r'rse -lood' tnan oj1

"bhe fine liood. i,is "bhe iarvae;:riiiirt hc.ve:iou-nd cretrices in lire

coi-ì.rsìe rood, in r,rj:icjr i:he:l cou.lcl hid.e and eËcajle fro;ll can:ri-

balisn, ihe ra,i,.iil incre¿rse of 'chis insec'iJ in 'rvilole grzrii: jrirl.¡i

be d.tr.e l,c Sojlie exi;ent'co'Lhe pro-bection afÏord-eõ-'.,ne larV¿ bit

i?ieir irabii; o-jl bii.rroi,¿j-ng l¡enindL ';ite $GTÌ,i c-Í 'i;i:e kernel .

i:,ccd^ i.rar'{,icie sìize a:ffec'cs rate oii tj.eVelo'rlreni of :'tinid

beei;les (1íoue , Lc)It7 i ilo"rve ancj Eur:ges, I 913 ) , ;.. qci+uqu,iri (i,!ra:/ 
'
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( 194S ) ancl ! " gLîcì.r.llri-tr.i,- ¡verb s ' (-'ic1:l:ins, 1955 ) .

tire d-ata oresented in this investi"ria-oion slr.pr'tort ti:e

ctaia rJreViously;treseili;ed tiri;i egg, ls¡¡ing iri¡ Ë" Í.e.¡:.ru.¡ilreu-s

is r'laintaiiLed. 8;'c a f¡ir'1.!; consi;ant ra-i;e ovej: a ¡-'ericd" of

SeVen ryee.çS, rrthile e?.F,:, la¡¡ing b;rr rì " 'cu::.c j gi-i.S ,1,.rad-ir.:r1 I v clili-

inishes ovei: -bhe s¿utÌe -neriod of 'üirúe, The l-a.rger e83 pTo-

clu.c-t,ion b;yr J, 'bri-::,c.icUS iri ì;iiiS S'ù'ttd,-y iS cofti;Ïar¡,r't,o the jl-re-

ViollË cha.,lrter l,;het'e it t¡,¡as 'fcu::rL 'chat C ' f eq*rgj-lleuq laicl

lloïe egg,s on '¡Tre break fraciic¡lf i,.nan c-itì q' tqr'cjcgg, the

rea.soì1 f c:: 'b-liis c'iiÏ-ierence ì,É-i] 'oe Òir-r.e 'i o -i;he f ac'c tila'c on l- ine

-i'ood, l-),. i;urcicyrq. lia..)¡ h[r.ve lait- ijicre eiigs than it r'¡ou-l ci irave

CLOne or1 ËL i.riXtu¡:e oi' co¿iijse ¿Lnd f ii1e larticl eÊ, t¿jrieh iS i'he

'c.5r_pe of f ood uSeil. in 'uire ?reVir-rU.S eliperi¡.efÌ'ü ' the cl-¿:'ta ShcW

ih.i'u ün ïeffi.rgi.nelr.s iS abIe to ovioosit ec.¡u.r;'i-i¡¡ r¡ve-Ll in ìrcih

coarse ano f ine f oods, inclicating tha'u ovillosi'cion oi tiris

inseci s,ticuld nct lle afîec'ì;ed ìry 'uire Û'¿TÜicle siøe of ¡in"j7 of

'i;ne riLilling fraciion$,



üH.....'TEli ),.I

Eï..r'.1ir.)'l LI 1.I-r,Í- l:ii".l'Jtil-; fä r:illrE C,ir -LilCliii,iSil OF '.-) " tu::cicus -.Il'Ð

g. fefrng.'-iJreus Ili .,,I1,.1-IiïG 1,,:rü.:{Iii-,5

; .ei hod s arcl :,ta'c erials
'jwelre rol I s'uand,s, ei:ciL griading one of 'oire 'ünree

grad.es o:- iire f ou.r rai-l -lir:.ø. frac't jon-s u.sed" as fcroû in previous

e:c1¡erir.ientg r'¡ere sel ecl,ecl in a f I our ni'l I in :,riltiti-leg" In

e¡rch ojj 'çhe l-2 rcll g \Tere r:laced- tt,¡o" -[,hree ori-i].ce salve 'c:i-ns

fiiled v'¡i't¡.h t.ìre s'úocl< bein¡J t::ouniì- l)i/ ';irai irariicul ar set of

rolls. ûne set of iins coil'rained tvr¡o pairs of cne t¡¡eel:i cld,

acitr.lis c-f u " -'ctr.rcicu.s u 'i;.'le c'ùirer set, 'üvo rtû,írs or one t1 eeLi

olil ad.ul''ús of g" f erru.,lineu.s' The t j-ns trere se¿iled- r,vith ta-Êe

ancl sti,spended- bel ow the ro-l-l-s trithin tne roll hcusing llrr t'resns

of shorb leng'bh.s o:i wire" .jire salve tins \¡'Jejle :cei,roved ever.r/

'óO cl.a:i s ¿lnc ::.erv ci'Les \¡'/ere ac-d-eil " -i'his coll'i, inu.eci. f cr ei-1h'o

i¡Lonths " i;"rr, i;he e:rü cf the eighih .iiionih, -i;r?c se'bs c-F 'r, ins,

eacir -se'¡r ccntaiLing 20 oairs of one u¿eeli clct adu.Its of ü_"

tui:'c j-cr,is cr /-j. f e::n;.¡,¡ineus a"nå 'the a_il-Dro'f-1ri¿rte f cocl lTere

.placed. in -tìre racirines a"nd. arlowed- to re:,tain there fcr'óA

åays. Iach ti¡:se à sei of ti::ls lv¿"s renoved" frori.i'¿.he i,iilI

'Oirey \:ief e ::e';L,,::ned t C -une ,'l-f..bCL:at 3¡ii r-iì-, grg ¿-"1 I lai:Vae e ÐU-Oðì.e e

¿nd. aûril'ùs trYere coütt'ced.'

.1g!:'$ s.

/,jonsid.eraJrl e variai;i on in 1,he nu¡iire:r cf of isoring



Ll-9

,rlrcd.L/ced- each i,orf'üli !ïas e.¡icLeni -Ícr 0. !uf g1"'qË. (=¡,ì.bl-e "-i;iiI;:)

a¡d. ,i.. iglgigrg":å (ta¡te .:ilÜ:-,li) " q, 'turcics; i:.rc'i.iiceo- :rcr,igìl1 ,'

iral-f as -t,tenJ./ o-í--Fslrin' in "'¡ire ei3ht iiicn-biLs ås C.id. 0" i-e*rrLt-

gineu.s_. (-) " 'bu,rcicu-q increased rrios''u rapiCLl;y cn bL:ealcs f oIl olred

Ìty ¡Liddl ingS, lolv gL:adeS anCi. taiJ-ingSe el,rell rühou.i:.jl colii-¡l e'i,e

¡iortatit..r¡ v.¡as ol¡serveCr- in each f ooû i.r:o¡i i 1l,ie t o tiir.,e cii.i.e 'bo

iiicl ,ri qro'ff'clr- in 'che sea-l ecl- i -j ns ' , ici olinP-s t¡v'as ''ohe l¿ost glli'r, -

¿iÌ¡l-e !'rac'i,j-on ior 'i;he incl'ease of i' åg::y*ii$e-qg foilcrved by

'i;ailings e:nd- 'úhen lcrti grÐ;d-eÊ, ,r'he soecj-es inc::e¿¿sed. tl-re -ì 
e¿ls'ú

on breaks, pcssibJ-;¡ beciu-se ¡-'r' '[be cciiì-¡eti'¡ion 'í'rol-ii irrcl d- :f or

t:re c-:)ìJen ;s n];¡Il' in 'bhe se¿',led caz'u:.i.Lers.

In 3O di:.¡rgu 'ûìl.e 20 Ì-rr:irs oi'' ¡;d,nli;s of u." !g19!9-u.s, "nd
ü_o -f erru.gin*F :iroüli.ced. .rou.,3;hl";i Ihe saj(e nu-l.Lbei: c-í of is];rinS

-j)er )'¿;it o-il a,clu.lts (ta¡l-e -ì;Ci]il-) as cl.iå'Lr,.,c ¡e"rrs i¡;ire;r the

eii;h,i rricntii 'c otais f or rri:od'i:-c'i: ion of cfÍ s1-'::il'r8 \rÌere avera'3'ed '
,Jable ;-,,-',i-!- Ccrrobor¿teS '¡he c-ial,a :Ln ir-'aÌrì eS -'i-,i,ïI,i afld 'i-,ú'li

shor,;i-ng tha'c a,oj¡roleitir:rtiel l/ tl,lice eS llan:,\r off sori-n.g cf j¿" f PTt-

ugii:.euS aS q. i;.urs1.cu:-S \Tere fcrliLed, {-,nl¡i a- S;iie}l -r-,ercen'ucge

r-,Í the C " -i;urcicu.s I &rl¡L'.e ¿iir.cl. annro:çill::L{;ei;i on.e third of -bhe

g. igr'.1:,-¿1.¿.:-lle-liq. -l-arvae t¡iere rlead ¿,i tire enci cf 'r:l:re 50 cley' per-

iod." ,Jhe presence o-f a large nu.¡r"iber of cococl'l"g ai'iti- sot,ie lì'l

siil-tr.lis in'che 0.'ùLlfcicl-.:-s serj-es, e-ndt on-L¡r a j:'er¡¡ 1ìullae and no

I,, ad-r:1-ts in tite ri. ie.r:ru.?,:i-{ieu-s. series e i:räica"'ced 'birat U-" 'lu'r--

cicu.s cleveici;ed uore r¿ri;ici.l y u.nd.er c¡'cr',ð.eci concliiions in :¡.i11-

i:r¡, r'-.r.-..ì; cq tl. r': i.i ð r1. -i'ei':=ll .ì ì1 elis 'la:,< l..clv. J-j-vil u ji;aa llf Lt u Þ
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i,ii-scu.ssirtü

jjne -bo -i;he ilossibiii-i;¡-' oÏ insec-i;Ê esca¡'ing -frcirl 'oire

S¿rlVe 'tinS ¡,.rii;j:Lln i;he ¡.il I i-ng rta.cl:iner:',r, i'ú 1,1'[rS ]leceSSeùr¡¡ tC

Seel tjre lidS of 'ohe ccrtiaine.::s ti'¡ii;ir rasrein¡¡ 'ta¡e" :iile hi5ìr

.i:'rOiStUf e CCn'i,ent o:1 '¡ire g'¡ CC,ri (',-i:.bLe I ) CC-L-ri:1-ed" "'¡i'Cit 'i;ire hi-3h

tenpera'uure i',,ii'ühin ';he ¡iracl:ines (:*a¡telI ) ri.l I or:leC. -bhe riio'i d-

Spcres l¡re$ent on anc'1. ui'cirin the r¡virei¡.-b iterne-i-s -bo deVel o:!:

ra-oicillr v,,ithin 'bhe se¿ll ed t jns (C]:::istenseno lilS'i ) " In everi¡

inst a./ìc e -,iilìle:í;e e ric:rihi;;' s¿rl,;:J e snoued nc ins ec '¡ ii-f e , ::ìcic

conisi:-Li:r¿it ji c:.r o-j- 'ùiie -,, cod su-¡ irl;i t';as heû.v;v ' ilo,;l'l C " ,ù,!tfs-is.l,1g

¿tlfr 0 , f err-lip,:i-n€i.r.s r,¡i I l e¿i'ü l,rolci t'i, j.chr rlr.,Y ìre ,oreseflt on tire

sç3face o-f j- ood. itt ¿.1 cl-t-'i-'uL1re iuÌre

b ut rii:i en i,ro 1d g r or:;''c n r s ìie av;i 'il ir e

nol-d and. i;he insects lvcul ú c1ie"

i.ihen tetrl-,:et'¿,,1,r¡.re and- re-l-a'i; j-ve iiu.ri,iid-ri;l¡ '0ecoii,e r'iarglnal :f or

ü u 'r,Lif C j-CUS, d.evel O:ûILen'ù i;,nd f epf CclrfCi;icn i,ie.;r be aClVerSel '': aft*

ect eð " Bisj:oi: ( i9 59 ) and. iefkovit ch ( t95U b ) sairi 'ihe cpi; iiüir.r,r

ieri:¡;e:rai;u.re fc:: ijre cleVeiolr'ien-b o-i this insect iS'70 anå 82cil*u

rcrs-.on'ì:-i¡¡el:z - cor-i.cl ect ,;iitÌt a iri,9;il relä-¡ive i:unli-ili'c¡z* irr-evi cu.s
!uÞ;/ " v-^j t

e:llteri:rienis i-n this S'Crr.d-.f ir¿-r.Ve Si:own 'i;ha'; gOoi:'* Ðfld a Lrigh

reiaì: 1ve l:u.rriici-ii;;v ai-ì ovred -bhe inseci ic develor rl:"iriclly" 'ih'is

iralçes i,ij il.ifficLl-l'r, tO eXplain ';ile d-i f :ie:rence in nurrrbers o'f

of-Ís-'rring of ü, t_urglcgg -prciluced cn tl:re diff e::en''c f coûs on .';?re

iraSiS Of 'r,eii:lperai;u.f e ¿:,nd rel ¿:'iiVe hu.¡n11j-t¡,', åS al I ruil L s';cCliS

were close t o gOoi¡ " (iL'abl e II ) and- ::i-ois'iure c:-'n1, e.í-'ü itas high'

( iisccr:lbe u r-r.ripuirli sjred CLa'ce, ) u

''"--' 1^^ C-eolei;eCr i:¡¡ tneu-\J/ ¿r 
gll -r1lr.y u ç



I FJ1!

Ii is ¿rl-sc di-i-ijcu.Iì; 'ûo excl¿in '¡he t=aci ïilä'r, a ìa.rtle.r j)oiiu-

-1-¿'uion Of ü " l,nrCiCuiS lYaS C'r¡SerVed on l:.icidl ings i;han on -i;ail-

irÊla cr I cw ¡lrerd-ese Fìs previous leboïe'üori,' Ticl:l{ shoi'¡eci. r¿icidl--

i-rrgS ì;c be e Foorer food for the increage cf i;ne $rìecies e ;t.

ÐosÊ,i'rrle explanatioil rira./ be -bh¿r'b 'bire siig-h-i;ly hi¡;Ìier ielLtner¿-

'üÌ;ireg of SoliÌe of -bhe g::aLcles cf bhe tail ings a.i1d I civ Er¿¡d.eS

f.rû.c',, icns had. ¿:n aùVe rse ef Íec'i; on ovilloSi'c ion a"ndt I arVa'l cl-ev-

elopinent.

()* fer=ru-r;ineuS cteve'l o'ps fasirer 3.ÌloVe gOolr'. thsn belolv

1,i:iS tenlrera-ci-tre (I'..ilet'c, I94-9 ) . ;iJ-inost j-Uen'l,ical n"u-¡.::iber's of

't,i:iS inSec.C Y¿ere lrrcclu.cecl in C0 cia-,¡s on ¡iiOd.lingS, 'Cai-lingS

anå loli¡ g¡ac,es (la¡te lütilcI)u a grea-i: ijta.ny I esg oi'1. i¡L:ea.ris. Iire

:redi-i.cerj. nuriber on'che breall fr¿rc-i;i'on,ira¡r ìre d-ue'uo'cl:e slightl;i

lsii¡igg terl¡ere'üUre of i,hiS fracticn in relaiion 't,o -i;he other

tnf ee, anÔ ''Che heevi/ l,rCl d gf Or-r'r,h O.,1 'u'he f OOCI- ' It ar:i:e::f ecì- -i;lr¿l'b

ü " turc icu.s 'i'i3s iirore abl e i: c cc;,loet e rvliÌr 'L'rold' groYi'Ûit "

l,ef}:ovit cl: and l:ilne (f 965 ) suggest ed inat ir .Ü " t 
""I.-

u:.qine_üS- ancL Ü" '1lur.cicu.-S we::e to guin ¿ìcceSS 'bc cereals 'Ücge-

theru clryr concli'i,icnSe co&ïSe rooc'l-u lorT lafV¿rl iienSit¡f and''che

â.vs.ilabi l-it:',? of refuges for pu.pii-uion wcr-Ll-ii favor 'oire d'erlelop-

Ír.ei'r.'t, of la::ge L-oìlli.laiicns of g" tç:lgg-i+-eqs; riiois'b conili'bicnËu

f j-ne t'ood, ricrJ.erate 'bo hign l-¿LrVal densÍ'¡Jr i':::rd' ''uite absence of

refuges f o.r Ðu.pa'oion rvcu.l d. favor large polrutet j'ons of q." tu,r-

cicu.s " i:iie.yr diä noi elabora1, e on v¡ir¿i-o t¡.e¡l ccnsiitered -i: o j¡e

$.OiS'r, O'1 d-::;y Ccnûi-i;ionS e r'Lof' loVi, riicc'ì.ef¿¿'be of irig.ln I¿:rVal
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ilensii.r, , J-';hru¿r.l: i;he s-oecies \ïere r"e:..L: ed- sG-,r?.r--te'l w in the

l..f eSeil'r, Stu.d]¡e coa.f Se f cod_ îu..,'of ecl g::r:.''iir of l-1 , 'útif cicr'.S _fc.'ci:.ef

'ürrri:L l. re::rri.gineu.s l-..iÌiì. f ine iccd f.":rrored- '. o fei:rliz'ì :.rei-r.s rlì,'uiler

tl:an 0, turcicus* This reversal cf resu,-l-ts l,ial¡ be d.ir.e i;c the

fac'u th¿L'¡ i ef kovj-'c clL a:r.ì. -r,.ilne (L965 ) lvere basiir.g l;heir reesoit*

ing cn l¿l:ora'bor¡r d.atu t¿hil e tne i:re5en'c reÊul'cÊ are baSe¿ o.r'L

*n expei:iirient ce'Trieô cu.t in 'clie ¡lill "

l'l:e labcratol¡r 3ss¡r.]f s cll'carnecl bJ' Üistrop (f959 ) sholv-

ing Ì;h:r''ü C," f er.::ui.tlle,t"t.s" cìevelo;led i:rore r.'a-iriril¡z -[Ïran U. t:',tr_cicgs_

¿ri I o',,r'¡ de:rsi-'i,ies h¿;¡le been cc¡nfi-rriieC. in l;his thesis" l,eÍko*

vit ch ¡:.ncl j',r,il.i1e (1965 ) s-be'ii ed 'ch:tt 0 . '¡urci cu.s a.p.^e:rrec1 'u c

develcn f¿isier ¿.n,f 'bir¡rt ri-cre of '¡Ì¡.e !rcgen-;r sLr-r\¡iveiì- cn f ine

roco tir*n v,¡as fcund';irith C. fe{-.1:ngine}ts, Jhe i:resent 3'ú11c1;r

shor,ved theit und.er tire crolvded-u and $c¡iler,,,'ha-L ar-Lif icial cond.i-

'cioils in f l-ou.r rlill rlaciiiner¡t, 0 " iurci cr.;s iì.evelcireû f aster
-bi:an C, feqi'If,:!:!.g¡.¡. bu'; r.rore of-Is'oring !Jere irroitucecl by tire lat'cern

Croi.iding incre¿¿sed cannibal isrri in Ç.' f e:rru.gin-eus (Asirb;1ru

f96I) ; 3nd" in :l' cci'L:ftr.su.lii (:lo7ce, L94õ; t-)hapl.len, 19¿8; Chairnan

ancl Bairct, L9"51ta; ühaplran ¿inõ" ì'i¡he."ng, L951Lb). Crowci.ing also re-

du.ced. ovipcsition of C. Sgri-q¿tjrrteitsis_e -i" ob_be.g,t}s. (Say) und.5."

cerealeila. (or " )(Crornbie u L9tt2\; of ä. g-I¿4gq+j¿g (L. )(iLiaclu.gen,

Lgb¿) and- cf 'I, conftl$ulli (Parlt, L9'ö'ô). Tn 'ohe ¡resen'i, s'crid-;¡,

aporo:<ì-raa"'oeJ-y' one ihird. of 'the C" fer-{i"r_gine:*-s, larr¡ae and- a fet'¡

of 'uhe C, turcicus l-arvae c'l.ieil in the þ0 Ôa;r pe::iod., ¿L-

ti:or-lg3r th,e cause of ileath is rlo'c itnovíl:, ca.nnibal isrii irlaJr have
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ìreen -oiì.r'ül]r reslcnsible, iveil tìrcu.3ìr tire .r;orial-iiy of 0,

fe::rrr.g:ii:eus l¿rr¡:le r;'¡a.s hisiieT than 'ohe l:ortalii;:¡ oi: C. 1,ur-

c_!qqs'llrvae, 'r,her'e'i','ere rcn¡ih1 ¡r cne and one lialf ti,:es as

r- qìa\r l i tra i r-ny¿g cf C, 193¡p.¡,ingçg :ìS of ü " 
,ULlf 

C j_cUS A,ù the

enil of ihe 50 dcl'period rvJren 20 pairs of'a duli;s \¡rere placed

in eacir 'úiii. Lhese results 'uake into accou.nt soilie of the f:¿c-

i; crs ( environiiLent ancl ¡:rcrta!-i ûy ) tihich tticul.d af f ect C , f erru.-

gineus living rn¿i'chin .rrril ling rrraci:iner¡ru ¿inC. the resLtl'us incli*

*na,* this insec'u jilal/ ìleccre a pest in f i ori.r iriil Is in

temrierate reqicns of the ï/ci:] cl,
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the aj-rrr of 'uhis investigation ivas 'i:o de'cerliitie :icssi-

bte ef-i'eC-'¡S of :iiiil irg, fract'i on$ cf 'ore.rd- 1¡/i1ea'ù r-,;ilen ltsed eS

f coil r¿edi¿ on 'bhe biolo,,l:'r of Cqyllr_cles_!gg i;ilrcic-r"le Grour¡' å"Ì1d"

rJr;yr-.'Lo-r es'i,es îer'li,rgi4çge (l'ue-oìr" ) " ü. lll{q_ig:å is an ir,.cor-

j;ant ïeË'û of Íicu.r ¡;ril I s in terr-nerate regi 311s of i;ire r¡;crlå

a¡ld C, i-g-:rrugj,nei-r.jl^. is ¿ln j-utrcr'ùani ;resi of stored g::a.in" 'i'he

posrsi'nii11,y of ü_, ie"{ftl8f,.,.lql1å becoriing a pes'i; in flour iriil ls

in ì:e:.iperai;e regions \¡,'às afso investigatecl'

l,.ost of 'bhe e:çoer,ìr.¿en'üal worlç lyas d,one ii: -bhe labora.-

-i: nrrz j¡u'h ône etaoer-ilieni l:Tit.s u,¡ne j-n ¿ f 1ou.:: itliLl Ìyhere tlrev vL .f e

insects \rrere reared. rtii,irin -bir.e l¡:.ill ing iilacbiner;t'

tire 12 rrril I stocks i.rsed as fccfr rledia in 'chis investi-

giiiion \ÃJere col lecteÕ fron lvii,hin 'che roll stand-s in a local

f l our rrril'l " j' sr-r.fficient qr-raniit:/ of each stcck r"i¡as secu.red^

a''c 'i;.1e one i;irire io -¡:reveni 1;oseible äiff erences in cheiliicaL

ocli1posi'¡icn of 'che s'bocks vi¡hich rligh-b l:e eviden''c in clif-ferenfi

jril-l ru11s, ;i -ilor'úicn of e¡ich s'Eoclc sat,¡:1e i'vas cireriiically

.-.^.- I -.,^;ì .!1 ¡-a -n-nn*ai n nsh riber anit fat ccn-i;oÏl'ù "ðLllerI.\/È,(jLl I\JI iif u u çIL9 GÐ-rr t

,lhe insects usecl -i;hrcu3,irori'L;'r,i:e inveÊ'uigatio.i:I \'iere

ob1¿ined, -frcrLL culiures of j-nseets originating in :rureil -L-'eni'oo'o¿l*

'i,hese cr-rli;ures v,Jere inaintained, in ¡¡al lon jars u.sing flour olus

f iVe -pe:: cen'b b;r rleigh'ù of lvhea''c ge'Ín as th.e f ood' r.liediulr"
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,Ihe thesis \ras ilivicleo in,co sections cal l_ed chaniers,

each d-ealitrg with oile as-Ðec-b of the efÍeci of iiill stociçS

on 'rihe rate or develo..i¡tei1'ü, survival, fecu.ntl.i'u¡r or ra'úe oÍ'

i¡Ìcrease of the S1:ecies. Ðurlng 'r,he course of i;ire inves'ciga-

1,icn cei:tain aspects of 'cl:e l-if e his'¡or.rr cf q' t-urcicu.s \¡/ere

noteil" ]ìggs t¡vere laicL l ooseJ-y j-n ',"he food n¿rterial andr hatched"

in three tc 12 d.ir";¡s de-pencling on the'i;ei,rpereti-r.re eind relaiive

i:luüri dit y of ';he envi rorullent " iT'lle I arva ilass ecl t hr oi-rgir f our

inStarS, 'úhe IAS'c inSts.r 'oeing D¿iril y Sr. en'C aS ¿ln ilülcbile

tlrellupa" ïuLring the latber oart of the third instar or e¿-LrlJZ

in'uhe fcurth inste'r, a :--rtiilr of silk tlan'ìs lï¿ì's forned' ort'r'he

Ventral srr.r-face cf the f irst thoracic Fleg,íiien'ü " TheSe Sillc

Sl ancls clevelo;rred re1:ifll y and ¿r tou-gh sil lcen cocoon uas gen-

eralty forrired. before the larva transf crr¡red -io tire T)rellupa" 'Jhe

newly f orrler] ad,uli rel'râined. in 'uite cocoolL f or a-pprc:cinatel¡r

trvo da:,¡S while the integUi,Lent haråened- andr d.arkened-, 't,he ¡rüUlt

'ùhen cirer',ring i-tS vray out of the cocooll 1,o feed. ¿;nd Search for

a i,tât e 
"

'jhe ef-fect of l:ril I stoclcs on the rate cf develo:r-lnr.eni, and.

surrr¡ival of q, tur,cåcgq ivzrs deierri-Linecl a''r, a relative hu-ilidity

cf 90 per cent ancl ai; 'oetlÐera,tures of 9Ou 80, 7Q and. 6003*' and

cf C,'b¡-rr'cicus ¿rnd C" fer:rlr.gineus a'{, gOol''" ¿trici ?0',b ii.i:"

"rt gO;i il'H. ¿ind. 90, ?O and- boci'n 'i,-tiere Yias no siSni-ficant

difference in 'i,he ra'úe cf d.eveIo"r.r¡iient ì:etween indiviilrrals oi1

i;he 'r,nree grad.es cf an;i cf l,he foar iaiJ-ling fraci;ions q :;'h 8Oo!'"
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and 90i¡ n"U" devel oprirent on i,irird raiclcllings lres signif ican'r,lrz

el-crver than on:i.irst or fi-rirh t,.iclilli.aßs,'úhe Latr'çer" tlvc of

r,virich \'Tere ec,¡ual . .Develootent ojj 3err1 '¡ail ings v¡as signifi*

cantl:,¡ sl clo¡er than cn f irs'u or .j:'crr.rih tailings u the la.l'ì;er

'û\¡Io cf' ':¡iri cll ,;¡ere eç¡ual.

Àt go;:i P.'. il" and 90, B0 and 600¡'" there l¡as iao signifi-

Ca¡'b clifference be'uween per cei:t SLtrVival on i;Ìte ',,hree graires

cf t Ìre f ou.r ririlling fr:rc'cicns, bli'û ir'ü ?Oojl * t-Ìrere was e sig-

nificant difference l:etv¡een frac'uion grad,es of breai';s, liicid-

I ings a.ncl lorv gr,':.d.es" 5ç-3y1r,ral on f ir"cn breaii rvas signi-ii*

cantl;r J-ctter ',,ittLt1 on f ir=s-o or thirù breal<u oil ';iii::d mi<i.dlings

i.Í; rvr:,s sri.qni -[; ^.'.^+r -. I ¡r¡¡^-¡ tiran on f i::St O]] f iÍth niil.d.iingSI ç!:tll tJ:"Y -!Ulr lJJ

ancL oÌ1 second r- e\i;i ¡ça.ë,e i''o ',-¡as signif i-cantl;r ìrigherbha.n on

f i¡:s-b or -bhird loui graü.e" In eech of ihe abcve fxact'ions,

there \¡ras no d-i-fíierence i.n su.rviutrl on'ihe l¿tter ii\'ïo grad-es"

äiren j:he g::aicLes of e¿icn of i;he four .fractions lÏere ¿IVe:r-

agea, ihere vras no significant cli'iference bet¡l¡een raie cf dev-

elopmen'c on brealrsu taili¡gS anC" torv graåeS at gOo¡'. å.ttd,

g0:,1 i:ì-:i. e ¡,',¡hile at BOoF. a.nd" 90i;, Iì.fI. , d-eveloi-.ri]ent on 'iiail ings

ïJ'aS significantl y fasi a'r 'vlt?-n on breaits and. Ior,v grld-esi, bl:ì.'r,

tnere \.,,'aS no cìifference betrve en the la'cter tv'¡o* .¡i'b ?Oo¡" aild-

goi; R"Ii" der¡elot¡len'r -i'Jas signif-i-canill.¡ fester on breaks and-

low graLd.es 'uhÐ.n on taiLings' 'i"Ú 6Ocl'' ei'Ld' 901'' Iì"T-T" d-e¡¡el o-Or"ent

\ïas siglifican'i;l;\¡ slcwer in the brealts tiran on Ì;ailings and

ror¡'; gracles" Ðeveloir¡ieni; vas signifieanÏi;lt slcrver cn ::iidcllings
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ili¡Lrr ori ¿ì,f1t-.¡ Oiiier ffaCtil:Lr a-b al_l foUf ,üei,.p¿y¿-¡¡.y.g_s 
"r_j,Ld- 

90.

r.ì, it, rlte nltijiller or d--i7lr reqtr.i::ed- f or d,eVeiol:irien'; \/aíi i ncreased

'b¡z foU.girl¡i 50 per cen'rl -iof e¿rcj'i 'üer1 d-êg::ee .i:j' d:rc': i¡r. teilp-

er;iti-i.re until- 60o.¡'o \¡iiis re¿rcirecl tirere devel o-Oltient 'i;irie was

cl"cu.b-l-e iir¿'o ïecr ir.irect .:'û ?Oo.i¡t'

rjur-vivä.'l \diis n-c'G ¡;f -Êe ci;ec1- by ¡li i I 1n' f rac'oicn at 90 o:f

?Ooli' , end. 9O ¡ R. t: " ,.'b BOo.-¡ ' Ê¿r1d. 9Or; iì" i:i " slir¡¡iv¿l v;as -f airl¡r

u.:tiforrl cn bre..tlso 'cai-l-i-ngs and- lotv grades but i'.,'c"s si¿;nificantl¡7

iower on r¡iiddlings, .!t 600.¡'' D.nil 90., ii"ï' there v',iâs no sig*

nific¿n'r; ði-É"ference in si-Lrviv*.l on ¡,rid.i.LiiLr:s cr 'cariiingsu but

su.rr¡ival cn ltirl,cj.liit¡;s was signif icanil:'/ I ol,.¡er i;l-ra:::. on i:::'ealss

or I o"r"¡ g.rates 
"

..,!'r, 90cr', aild. ?O :, irÌ.Ìî' ';ilere Tíere no si¡r,:riïic;.i:i c'l.if-¡'eL:-

ences in -tire rate of c evelcprj.e-Il'r, betirv'een '-:rad-es o:,: f::actions

:io:: J " 'bu.-rCiCt-tS" ;rurViV¿ìl WaS Si,3ni,'JiC¿:.ntI:¡ Ict¡er on iriid,ûlingS

¡¿na '1,Èi-li-n¿i-s i;ha:n cn brealls alð. low g.r:i.lôes" ..-"í, ihe Fjerie tei:i_Q-

er¡;.ture ¿ir.Ld- reiatjve hulitid.i-b.;r tire ::¿:,i;e of d.e¡,'elounen'¡ of 0"

-i'e::rur.,.-j-iteu.is,,'iLìs i'r.o-b ali;ereú b¡¡ g.rad-es o-Í -i:.i:e irre¿lç or i;ailings

f rac'i:ions, itlr.t e si 3;ni iic:in'o riif '.ieTence 1it.?s observecl ile1,\'/eer.

¡li-l ';h.r:ee ¡',rir.d.es o.l r,'iåiil i::-g,s, -;iie Te-i,e ol' äevelol.liiie]]'c beì-i'r¡.

incre¡¿seci" ¿ts 3::aile \ïes -l-orverecl-- i'irircì Iol; ilrscie signif icL.lìt'lJ'

re::-g'i:heneiÌ the lr,t'e cÏ ij,er¡el oJ-'rrlen-i; over iiia'c obi;ained o'n -ljie

o';lief 'r,\,vo gric.es of the'Îrt'"c'aici?.

ilhe ::¡:.i;e cf CeveLo-i-r.ne¡rt of q, f errr-igi.neus \¡ías ìiiore ra'¡id-

'i;han tna'í, ot' C" 'bL;.rcicr.rs on breal;s, 'i;arli:rgs and l-o';; g::i:ið-es
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and. 70,, Ì1.:i, :,ore C " 'ferrlr.Ê.-

ineus '¡iia.'n N. 'i:r-:.1:ci ci-r.s sti-Ívrved, cn rr,id-diin.-.su "i,aiJ-ingls ¿ind.

loT/ gracleS uhile SU.rVivel on ihe b::'eak f.T'¿:.c'¡ion \¡'¡âË :, j¡cu.t

ec¿u.al i or l¡oth s Dr:cies "

ll¡nep ü. 'i,uf.ciCi.ì.S iJ,:-S .re:;f ecl- u.nd-e:r crciucied cr'-,nô"ii;ic]:lÊ

*,'û 90o,,' . :r:rd ?0' , :ì,,:I . , si,3nií-icarr-b c1 if -i:'ere:lces in 'iJ.i:'e nuÌ'iber

c-i i,l edul'cS j.o::rt.ed Yiei'e obSeL:Vecl l:el,ween aliL -ÍouÏ -ir,:rci,ic',:ts.

:,:iie lair;r.gg'ü 1'tU.Ìi:i¡ erl W¿:,g pf cd LrC eû On -i; ¿r-l iiiliìS , t ile l3r¡.âl -l-eSi

nLr.i,:ller on .riiil.d l-inSS. :lher:e \r,Tei:e no dif ierenCes in -ohe lirie ;rll

nut,i-Der 9'f äa-vs reqlr.ireil 'u o p::cd.ticê ¡'l ac1u.l'us be'br,vee.il breLìiis 
'

'i:a j.l infis itrnd l-otr; grs-d.es , bni signi j-ican'Üly -'l-oniler i; irì]e rvas

Tê{t1J.ired. cn riii}rl}ings " sig,;ri jiican'c d-if.rerences Ín 'ine nLr'ii:bei-

of :., ¿iiì-gl'Ls foi-¡iec1 rrere alsc cbÊerved bei;ween ¿il-l three p.rad.es

of irreæ.1;s an6 t¿riIings. [in tire l¡rea]l fraci;i on, iiLos-'r, ¿:,åul ts

\.rere ror.¡:ied. c1 tire i;irira gracl-e f oltoi¡iect bl¡ -'cire f irg'¡ ano- i ilen 'çl:e

fifih grad.eS" C.,.n tailitrg,s, iiiost l'1 ad-uJ-'cS were fo'rL:ied' on gef.Iij

tailin¡1* i3]f¡Yve.J. b''¡ the foi-r:rtn and i;i:ien tire fj-rst grad'es'

i:)i¡.nii-ica.ntl;,f ferver ¿[¡1:.l'cS li/ere forriiec]. on'i;he firS'b l-olv grade

-,uc¿:.n c.û seccnä or thi¡:ci. -i-olv grade, 'Û.i,Ie Iaì;-ber tlvc ìrein3- eclu-al "

i,Tc.li:ffe-r:eìtces \iJere ol¡s;erveii. l¡e'r,\¡'ieen 3r:ici^es cf r'iiclcl-lings ü:rere

f ei¡ aciu. l'¡s \ïerle 'icrl';ied.,

;ii-,3ni-ficalt'u cl-i'ffere;rces i:r tile ilie¿ìn iiì,.i:'lbe:: o-i ii-¡].ii$ !e-

r,ii-r.irecì. to c¡.odr-ice ,:'1 r;ü.i-il i;S \rlere obteinecl be-brveen ¿ri -l- -bh:ree

¿;r.erdes cf tire 'creal.i lila.c'cion with i,ire irlr,rj.L'rJeil oÍ ,-4-ays increasing

as ijre g1s.c1e ir,iâ.s i-oçe:red; be'cween l.ll tjrree g.raiLes of iiiicic-lings
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rvi'bh'oite nu.liì:e:t c-r-* dil..,,¡S iiicreaSin[; Iforl i]l¿¿i; on fif-i;jL;iri,ii-d,-

Iiül¡s i,o ¡'irS'c ::iidd.ling.S to 'bir.i.rcl r.-id.d i inliS " ..h.e nul,,be.r of

ô::-.'¡Ê reciu.ir=ed.'ùo p::od,uce r'1 äd.u,li;s cn first'l,ai-j-ingo vras si3-

riif icåì.ot:-1,¡ Icngeil -'u:ran on f ocir-bh cr í:,e'rh- ';ail ings, J:.i1¡1' oi1

fi::st l s1'.r ¡_rracie i'i; ¡¡as s15¡ni-f ican'i;J-;¡ longert,ltarr cl1 seconc1 cr

ti:ircj lo',,V grncie. Ihe lat-'uer twc ËJr¡¿creS crr i; j'ie ';.ri-l:Li:-gS .ríICr

-Lct,¡ t:r:Ìd.'3 frgci,ions'.,'yelle eq-ttell,

:rhe tu.lil:er ci: o-ifsrrring prOcrr.Lr.ced, 1-,.eT fer:Lale Ot ea.cn

-si:ecie s in 5C cl.¿:.:f Ë ¿.r'u 9Oo'i'. ir-l:-d- ?O',;, .:ì. i.i, shot'¡ect in¿lt f or u*. !r:r-

giqLlS., significont ô'iffereifces \¡iere -íor.,.Lii liì''ùr;r¡êen ¿:faci êlr i'.lld,

frac'c j-oriS " Clt b::eak,s, -bire nlr.iriber or off Spring produ,ced de-

creaseij, åS grriile lÌes I6v¿s¡s61-. (l:l ::rj dc lin,:lS, tail-i-ngs ¿''nt1 lot¡¡

.{rad.es i;he ni:ii,bers iitcL:e¿rseCi as gracie 5¡¿g lorveretl e:çceot on

ger-tir i;ailings irirnich t¡ir¡.ì.$ Ljoorer ihan the otlier i;r'-¡o tailings

grades bui; eriual to îi::st b¡:e¡r,lc" i¡hen gr:io.es of each f¡'acticn

ïjeïe avei:aged,, -i,he tiuliber r¡i o-i:f'Ê;-rring prcäuceit,ller: fe,,,.:iie'¡:f

ü* ,tiu-rric'¡ts in 50 dÐ.,-,/s iv¿rs [i,8, 4"'.õ, ti!^a ¿lnå ¿9.]- :t'cr 'ure

bfe¿k, -Lrì.iCiì.j-in¡'jS, '1,:l.i-i-in,2.S ai.LCi 
-j Otr i¿rirc,e r^r','.,c';iCnS, feS-peG'ù-

ir''el -:i " ','cr :l " :å9::Llå5jql1qe rrior:e of i's:-''rinll lveJ:e i::rcCu'ced- cll

f j-f Si l;i¡e:',,1: ì;ire:n Cn tire Ctite:,: t',,',, .;--'-" -l;',¡'; i', i C: I,, ei:e eClr"iai;

eg-Lr.zi.1 ni;.ill¡e::S \¡tÊ:rs p::ldr*iced on -í'i:itn anil 'ciririi niclC'1ingS, bo'Cl:

Of -iihiCit Ì:r::OCil,r,CeC. S-igrii-riCS.¡:l-bl-'i'' l,.O.r:e 't,heil rn -1:r::Si lr'liiìcl-iii:¡;S;

ecji-r.i.rL nu.¡hbe:r-,s \iere ,¡rcCrir.ceii o:r f i.,u.ri; jr ¿.¡rd .iir'É¡'c 'r;e.il j ¡lgs t'' j ''c.h

Siiiüi:i-ic¡;il,i;l¡i terveL: 1:ei:lg ¡:rod.uced Cn i|,e::i,l 
-'t ¿.j'] ingsu :.I,lcL etiili;i

::Uil,berÊì !"jere i:fC¡iì-fiCed. On ';itj..¡'ii, a:fil $eCOi.LCi l Cw ¡l::ir''O-ÊS ÏlÏìi-l-e
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si¡1tri-f í canti¡r f err¡e¡ \rere lrcd-t-tced on iii.i:si, I c,.i ¡..racì-e, ',lhei:

grr,:-cì.es o-Î e::.cjr .'ir¡c-'¡i-lrii \iJei:e :.vej:.3.ged u the nuilìleil of off sr:.r:ing

f-rrcäu.ced per f ei;l¿¿le o-i' ü " i'e¡:rJ-gineu-s i¡t 50 d.e;;,is v;åi*e I t.0,

f .2,9 , 2'ó,L enf, ¿0 "l f cr 'r,he irL:eair, -i:ridcìiri.I5is e -bai-ii-iLgs ¿nci"

'l oW l-ra,-i-e -i':f ec'i,ir-;irs, Teg;r-.)ec-'ûivel;l " -Jhese resuits a-re iii6ilier

titan tirose for C" 'r,'urci cnÊ or. '¡1:.e -l¡real:i and r;iicldl irÌ:.ts frac'i:-

ions ¿incl lov¡er on tai--ì-lngs ãild lotv 3,re"c.es '

1i:e¡:e trere no significan*o ólifferences in bTre ïirL.irtìler cf

eg,r:ls taid- by C " ttr.:rg!cl¡s at g0or'. a.ili.ì goi, R"i'l" between ihe

bf e¿Lk u t ai j,ingS aild -l- 31i ,{.rîi;Cre ir¿r.ct i or.;S , ìlLr.'ù S ignif í cil.n-i; I¡;

f er,.¡er eE,!:S Tre:le laicì" on r,iidO.iing,s, Ûi1 'ùile bagj-s of 3r'u.,Ì-esu

signific¿lil'úiy fer'JeT eßr:-{s v'tere -Laid on taii-in¿:s i':s"Ûhe,::ri:"t]'e

\:iÌÈ,{J I ov.¡e::eCu. ;.,oj:e eg,3S vieile I aiå on j-i j-f i;it bresk ¿ilO. f ir't,il

::iiO.C.lings 'i;han cn 'f i.fs'u ancl 't,¡.ird bree.ic oi: -i:il:s'b ;;-nd tjrircj

;r¡id.cl,J-ings in 'r,ha-b crd-er " Jignif ican''o L;" :f ewer eE8,s \itere leici

o¡ ibi::cl- tow glracie -bhen cn firg'u o'r secoiid. Iot¡; gr;:cì'e" !he::e

ï,¡rrs ¡.o d"i f "ierei'ice i-n -bhe nulll:er of egg.s -Leici beiv¿ee.ir -'iirs'c .'-ild

seconil brerrli o:: fiL:¡.r-i; a.ild seccnd- lor¡¡ gra,d.e"

ü , iu..rcicu.s taiil- si-gni-i:l-c¿ill--¡il¡ -îerve:: e5,:ls ¿i'ti 90c¡'. aTrd.

?0,; fì, t-t. On 'ûl:te j:f eai-' ¡':::rå iOW ..: f:¿ici e rfeC';iOnS 'i;l:Lan o.n 'ÛaiL-

in¡.s, :¡ie\,Yef' eggs lIe-f e I aicL cn ll.iilc1-r i:rgs t jr.an orr an;)¡ otner

f::action" the nu".i,iber cÍ' eggÊJ taid 'o¡t ii " ''c urc j criF cn -f irs'c

'cfeak waS Si,3ni-fic.+.i1'uII¡ lower th,*n iha'i; on e'ii;iier i;hirc¡- ol:

f :Lf tÌi b:realcs tviii-c?r v/e:re ec1r.lai " i:,ignif lcan'u l;r f s¡¡e1' eg€ls \¡rere

l¿iid c:r fil,'¡h:,r.iciCr.l:Lngs tii¿in on fiL:st o:: tl:.j-rt iüiåa.lings-vrliich
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!vere also eqrr.aI. iio signif i-c:l:llL ii.r-f .' erellceÊ in -Liie i:iu-L-.ibeL: o i'

eggs I aiii tïere oì:serr¡ed. bet,,-¡een g,r:id eS oÍ tiie 'ca j-l iri3,s f rac-

'i;ion, bu.i; signif icant I.¿ f elveL: eÍi!is \'veile Laia cr: :Íirs'i; a¡.d -i;irlr'C.

J-ov gracles 'ojrait on secoiiid I otv gr'a.de,

C* feårJlg,ine,i-is 'lajû l,lore ei:gs 'iiji¿r Ü-" t-*icj-cus-on ¿l-l

fraCiicns elicep'ù -caliiin¡.s, -,-ne .nÌean nUlribe:c of eägs ror -bhe

f c¡i:r f L:¡rc'c icriS r¡aÊ 65 . O eggtS 'Der f e-r,i¿Ie Ci: 'l .'/ eÉi;lS lrer jier,lale

ÌiÌ-cre 'uiLan t'cr [j " 'ùu-:rcicr,:s oveï a !ericct c-rf seveil '¡ee]ls. -ilirer-e

tîet:e no sigi-ri-r-ic;;:ri; ci-iie.rences ii-i'újre nr.i;.lllei: oÍ eálilS i¿iicl- b;,¡

O . ïe::-11p. j.rierl.S Cri: 'c¿;ililt$S ¡'ind I Cr¡ g::r.C.eS u ì:r-ri Íei:¡e.L: lTel'e I ¿iid

cn-i;he b::eaii í.ra"ctiLrn" X:lg, pi'od.i;ci;i-orL cn ir,idiliit't¡Ê Ii.¡as siÊ;-

nif icai-i-l;i:i' lcwer tilan oiÌ i:i,Ìl:'r o'b¡rer í-:r¿.c'i,ioi:-L'

ü. -curcicus -l-¡liil- .r:;c¡il'i; e5,j;s' per jlenale i¡er r''¡eelí d-uri.ng

'c1ie SeCcnCi l'¡eelc or'r,ire Seveíl r¡eek cVii-rcsiticrr irericC. on each

o j: ihe "icrr.r -f .i:a.c''u icns , -bhe r¿rte tiren fel iini; s,c eatil;:¡ -f cr -'uhe

re¡iainCLe::' of t l:re oeriod. " 0 " f e::"r-tr.¡5iir.eu.S LeiU -ì'ii.ol'e e¿-iij,S 'i;hen

C , tu¡:cicr-r.s 6xsg'r,lt ii.u.ring 1,he ii::st tt'ro r¡leeks ¡ and- ccÌl'Úi::u'ecl'

ic la;, eg¡.s at cr,:f;i-rl-.'r c311s'ùar'l-'t' t::.,'ae cLtriil3'ii:e Ie'LL'a'inåer c;f

-l;;ie Ðei/e:1 r'¡ee:; 1-^,e;ioä :lailir:8,s l;¿rs -;:rei)errect ior egg la;iing

b::ee,li -¡'rectirn v¡as i-,referred b¡r 0,

t1 o't -¡¡t r-'ì i'l ol-. q 
^L1l1!:¡v ?. s -

l'- 
^u -ti\fìry Ü " .tuf ei_!g:Ë" r';iii I e

'r U".l' .

-J_ 
-ir ô _¡4 ô

'!1 al-'rtt:t

$i¡jnific¿.n'c I i¡- t el'rer e:,iis \:Jere i¿:.i4.

anci'70;., fi.¡1" oll- coi,lse fooci tl:-an cl1

\ir¡&"s T1c 1¡::ef erence i- cl -;í:'r"bici-e s:ize

iiteils '

1-.-- jr ).'tt'4r. -i nr_. o1.t,ll U ê uu¿ ul-vu'rr

-,,t¡ .¡t= -Í n¡rl ltiliMlv 9 rJur\

c:î 'lhe '.'art of
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rÌhei:L .rea.i:ed. in iicir.r ¡,tiLl .ricìlii:l"er:-)¡ fo:: a peL:ic[ì- cf

ei¡:iri; i,:.cn'bì:lS, t " -br:.rc_i cuS 'l:rcili:.cecl- rcuç-jll J/ îaL:- rS i,ia.r:L:r,¡ of f -

,silring es dicl C " *t.eL:ru!Iingy.s " L:. 't.u.rcicq.s, j-:.icre¿rsei'l ii: ::rtr.-Lii-

be:rS .i,LOåi-t rar¡ic;.1]¡ cn ''¡he b-r:e:¡il f i:a.C'uilil f ol--'l-cWed b:¡ :¡.icidlinPiS,

l-ow g.r:rd.es aucl tr',i-i-rn¡¿u i¡r 'riir¿)'u o¡'cjer " ., icifì.Iiitgs w:is r;i:e i,ios'c

sr,r.i.'i,¡.bie .iracticn :[or û j:e ii:c::ease oj- C," f eL:{}1gineus. f c ilov¡ed

b;i is,i-J-itrS,s, l-olv graifies anc-l- b::ealcs ' l'lei'¡i:e:r s-ilecies sirct'r¡eiì' an¡/

ca'r,-jJern fro:rr.lirciltir to iüonih ii: i:ìre ni-uiibe:r oi o-i-iSi.rrirrf; .¡rro-

d,-ii ceil .

iiherL reared. under cror.vcled coni'l.itions in flour liiil-l :it¿'"ch-

iner;,r eacìr s Ðecies siiti t)i:ocrru-ced .ri.,u.gi.iL¡¡ iÌ:e så,:'iie nu..t.-be:: of

o-i'i- sitr:Ln¡1, 'per r eiir.¿i'l e as 'r,-r e¡;r C"id wi:en rLo'b c:r:civcleC- " iihe resul'üs

ind icà.'t ed. Trc\,,;ever u tìra'o und-er crcv¿il'eä ccrnd i-tions ü ' turci"ct'._s

cìeVelcped" r,.or' e rapiC"ty 'i;han úid Ü,, f ermg;ine-us " 'ihiÊ wâS e

rer¡eL:saI oi resu-Lts cirtaineC. l'¡hen lar\r¿e of eacir s-¡recies 'Jere

ì ndiviclua-Llr¡ reared..

:ihe resul ts ob'i;aineC- i:r''ohe Vei:ir-.u.S e:lr:eri¡,ier:-''csr ind.ica-i;ecì

'uhat r,,i I iirrg f.raC-'oionË and 'o jleir cff j c j-al i¿::aäes wor-il d., U.nde:r

cer-i;Ð.i-n ccnd,i'cions or i;ei:'.-oere-'¡ctre and. rel a-ui.ve irälrliC,,ib¡/ u .ì'r'rec'b

L¡:e f'¿.i;e Cf deVetO-oirìcili e ÊiU-rVi-V¡:il a.;i'3. f eCU.nd-it;,i of ij. 'ùUfCieir-S

¿¿nd ü. ferrugineus, ïire inior¡LratioL:t cb-Lai:recL is cf v¡ilue -i;c

ihe riiiiLir:.E iiicì-'Lrs'i;r;¡ in the es'i;ab-Lish:lrezit of ri"e¡rífu::es required-

f or, '¡ire contrci of ü " turci ct-is ¿nd tire f reqlr.e-nc^'¡ e'b iiilicii 'b?:e;r

rillr.gi; lle applied." ii]:e resul'r,S ¿"lsc inciica,ced- tna'-b g" fe{rrir31¡reuS

rji¿i.,/ l¡eCorue a ceS'b i4 -'iloU.r nills in teüiile1'aj,e reåiCnS"



IJJ O

TirJ:re-r.ni"e-iì.r'r'i:i .r_i l,f' f eSitI iS

Ihe aj-i¿s of tiiis ii'rves'ui,q¡¡'uion we::e tivc*íc]-d-: to asÉìess

t:ossibil i'b;¡ -bhet C o f erru.Í¡,rneus night becoii.ie a r:i11 l:est4l^ ^u-11(j

in
n-F

'i; o

the

f err:ut:ineu.s,

Tn eì qlrt i.ion'chs

r; s r'-,1'4Ì7 n'13-j'q'n-nì ',r o + gtL:p .:.:aI-_/ u::ç_,Jr f,_jr- !r'u

-F a-c¡nt¡ rr i ;r oìt c rri-nr:ilr n,::il6 rÞJiu;rrrvvip

C, iu,rci cus wh.en i;he

-be¡,-r:era-i;e regions of the v'¡orlcl-, :ìnd.'rlo d.e'oe:r¡rine

riri-j-I stocics rïhen usecl às food. cn ''vhe bioiog;z a-f

-^-r.--- r,-^ +.---.'^ nirll ìrø¡t.iêt1 eÌr of CCniifoI f,IeeSUfeS!_)-r LltI tr-ll|J U-,j _-ti ú:,1-!LÀ Jf ç!l L'.IJJ-IU-\

.Liii-ll,

th

C.

^ ^-!: -)1 ^ ^¿- ^

Jrlr -an i nlr q

llhese a,ills ¡.ave been inr¡estigerteù on ihe basis c.f the

'ùltlr ee C-f i't ef i-å: f 3'ù e C! cleVelO,-.i:leIÌ'ü e SU.fViVal o -;iÌd f eCi-r-ndi blt,

u.rder contrciled tabor¿Ltor:i ccndlitions cf gOo¡ " ancl '70'¡ iì.ii,

hese conrliticns û.Te cojiiÐerâìll e 'rio tircse :i:-ou..::rd- i-n i,:il I tii¿¿cir-

ine-r;, clurin3 o-pere't icns 'Ln 'oel:-])€ïû'.'b e re5:,i ollls.

Tabl e I of the âppendix lis'u,s coll-Jtãre'ûive values tlÊ

cr.r-l cu.-l-atec1 f:loÍi i,he reslr.l ils obtninecl in i;he I abora-'ucry f or

ihe tv,J o s-,;e cies c oncernillg råi e cf d.eveIopr..eÌ1'u e stlr.,/ ival , ei1d"

-Fonrrirñitr¡. r1 4^.-.-^."^-ìú^'ì^ deVel-oileil- mol.e Lte'rridly iìtan d-id. C.J-eULlllU.Jtr.V o 9. l-çlruiLl--L,11:t/.9 rG.L'lurJ ujrG'

turci cu.s on ell f oocls eltcerli liddlings 'rhere the r.,ie c.i ûev-

elopnent v,rr-',"s eclu*l lior boih s-tecies. Ü_. f e-{.r'gïtl!.ql.s, itaiì. a

i:.igner sLlrviv¿ll than C" tu::'cicus cn elI f oocts e;icet-¡t the breaLc

frâc'cion lv.here SurViVaI of i;he t\ïo SÐecies l',¡¿LS equâl' u u ferr'

usinerl,s laid- .iirore egg-S 'uhan C" tt-i.rcieu.s on aII f ooilS e;:ce-*'i
-.''.¡¡+il

taitihgs l,vhere C. t¡rcj-cu-s laid Ê0 .Iler cent llcre e€;3S '¡heil ü.

,q
iti c.



1 q,r)

reû.i:ed" in sealei[ ccni:L:-ners in tne ¡lillin¿_: ilachines. ü, {.e.r'-r--

u-[li:re!.s- -crotluced. the grea'ces-b nu¡,iber of or-ls'rrri:rg in ¿ 5O d-ay

::erioil on the tailings f::action i.n irotn la.boï,:.'ucrl/ .lnd lLil I

tes'i,su eveil th.cu"gh the rrrill- tests rìiiere carried. oi-¡.t i¡r sealed.

containers ¿rucl p::obably d.id- no'c reoresent actual l:,i-l I conilii-

ions u In a ccilparable uericcl, !-)_" i;urcic.u.s :orocÌu.cec1 ùhe g'rea-

'uest nui.iber of otj-spring on the tail ings Í'r=action in 'l e.bor¿'iror:y"

exp er j,:rrei'r.t s ,

Cn the Ì¡asis o-f rai;e of d-evelopnen-ï,, surr¡ival u and" fec-
¡¡^¡,ri4--' rr f^r ' êr-rlr:rl ni. .qlrrrerior'ùo ü, 'ùurcic'usU-Tlü1I.",y', U ' r_e.!"fU-gf:4q!f:J" VJAS .=LILi-ú.-! Lrt ùLtlJt=

On ¡:iloS-i; foof,S at A 't et¡iilera'üU..re and relatir¡e huuicìitll roughl¡Z

eq.uivalen''r, io v¡h.at ivor,lld be f ou.ndL rinúer :itill condrii;ion.s' lhi s

indicates 'chat g"' fqr{qg,.nsuq raay becor,te a seriou.s pesi in

flour ni.lls in teírfilerate regicns c-f 1,he vi¡orld-' C, fe$u.gi4eus

is an inri:cr'úi:nt grain pest i-n $anad.a. and" can rellrodu.ce and

d er¡el on ranì d'l i¡ i;,r st nroð r,rheat ¿rnd- tl:U.S be tf¿rnSllCfied 'U O iheLtg v úrvy ¿ øtJ LsL-i Àrf u v v¡ uv

el evatcr pcrtion of the ¡rill, i3eca'.i.Se it is a strong flieru

there is a Ðossibilit;;i ti:at ii liiigh'r, 3;ain ecoess from tire ele-

vatcr 'r,o the i:ii-i I nachinerl/ 'oJr flighi.

.{û.te of clevel oi,-',teni, sr'.rviv¿1, :ttd f ecu.iiriit;z d¿i-û:i f or

C" irrrcicris indicate tirat J-arge po-pu.Iaiions of this Ðest ere

rnost likel-y 1,o occur in those sections cf -bhe iLill

the taiJ-ings anä 1cw gradre fractions' Corrective

for control u.u.st be ap'irlied once ever:r four t¡reelis

caL:r¡¡1ng

ìlêqqì1./lêQ

if each

generat,icn cf t. turcicus is to be ecntrolieil-"
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,å:rÔerscn, J":.r, L94'c ê iiiL11u.¿ll repori; o-f -i;he lirain iìe-qearch
ì-,abcrr.'ior;,ru Ëoaird- of ür¿r.in Cormissicners fcr üanad-au
iilii'rrripeg e i',,anit oba '

:inderscn, J,lr-. l-956 o ¡.lLiLtr-âl reÐort of tire Grain Ë.esearch
iabora'i;or¡,ro l3card. of Grain Coliü,Lissioners fcr üaitad.a,
.. inrtit'eg, , ,ernit ob.l 

"

-ànd-reiuse J, S " u ii.r,," Ì3oyd. anct l"E" '!etr¡r. -L94;¿. !lie ril¡o-
flavin c:,jt'rlen'u of cerea.l gL:ains ¿;nd bread- ancj its
d istrib'cr.tion in procì.u.cts of wiie¡Lt rriiliing, Cereal
0he:.:t, 19 : 55-63 "

.i i. ô'rr ì¡r. nll q I g 6l ":rravr¡,i/r:rvuu 9

. -inis'r,r.,/ o-i'
1i::.glanc1"

, ô ^hrr ' :t IVOL.arþfrve)' 9 f:-oaL o

eu.s ( 5t errh.
îõa inr.ireã'ú "

'ieating of grain' :i.dvisory Leåflet /t04"
,,.gricul';Liree lìtisheries and- rj'ood, J,ond.onu

Barnese Ð"F, and L+'11" lialoos'cian" 1940" i)Ii¿ln'c habil,s ¿nd
seasonal- abu-nitance of dired- fru,i1 inÊec'cs" Jot1r"
¡*con, År,"6 " 3ó: ll5-l-19.

iìirch, LoC. l-955. ïrperi:rrei.rtel backgror"inil to tire stucly of
'rihe clis'¡:ribu'ci cn and ebund-a:rce of insects" I, !'he
influence of ter:ioerature, iioistu.re and" foodr on tir.e
innabe caÐaci'r,;f'i.a t increage o'i'' three grari:r bee't,--l-es "

ìicclo.?¡r 5zi: 698*'/L1 .

Sishoo, i.,. l-959'
I ( -¿r¡.r.J- 

^_l ^ ^+ ^ ^\ra.y!uuI(;Ðt,çÐ
gf al-n o :!.Tli1 "

iliSircp, ü,1, 19ôO' 'IaxonoirLic obÊerv;ltionS on '¡he I e"ilVile of
' 
'r,ir.e three Jrmerican Cry1:t olest es (CoI " , Cucu iiilee )

that infes'c stored Srai:r' .;itl. ,il1t, Soc. iilier. 55:
B-11.

:iÌhe iio..iç1a1,icn d.ynaii,ics of C"
) (Õol', uucuiidae) in flour ãnd

BuIl. IÍt'r, " iìes ' 52:" 565*5?9 '

The coriipeLra'r, j-ve b j-cnoillics of ,rlrÌerican
(Col", Cu.cujidae) tira'u infeet storeô
-rlni " $ioc. -iilliell . 52: 657-b65.

i3lake, G"l-" 19ô1" ,i,eng'uh cf life, fecuncì-ii;;,'¿nd- ovi-¡losition
c^-r'cIe in tnttrrenrls ver'basci as affected b; ac1-u.l-'¡ d"iei"
Bi-ll-l , ¡nt . Res ' 52 : 459 -1i'l2 .

lloyce, J"jr,ì. LL)Á.6' llire infiu-ence of fecu.ricLii;y anrL egg ilior-
'cal-ii;;r cn ihe ',pc1tr:.Ia.tion Sror¡'ch of ü:" confttsr-r.li ijvu.al .
Ecolog,y 27 z 29O-äOZ "

l3urges e li " l, 195'/ ' ¡tudies on the d"erüles'b id bee'cle iå9-å9-
deri;ia gri.rnlriuu ]lver''s' I' lt-r'r¿;.ticn and, id-enl-ffi
õ?ffilõn of 'ohe cleveloi¡¡ilenial- ñ'ü;,.ge9 " Årri * i,.:o.i']" i,t'$"
9!5: l-05-Il-0 '
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8U''Uler, ì),"L, and ü "8" i,:iCleel' 1955" TnSec'c ancl rod¡,er.rt coll-
t a:.rinati oi:- ci' graln. s''64 " ijl"r-il . ii'ö1 " '.gri c n ii:ai] '
,1ta-" u úniversi'ùy of .,:ii¡.:resota.

Bu:lt on, j:' 
" Å . u.niì- li " i'iellanb:y . L95+ ' .ihe l:ieasureir.ient ;-'iì'Ld"

control- of hu.¡::idit:'¡. Bu.il " Ent. -Res , 25: l7I-1Y6 '

r.raslurano j".i'. i951, :ilffect of l:aren'Û¿rI feeci-in,3 oi1 fi:Ltê af.
C, eVe-l-oÐItetf i, cf cf -'is rri ng o:f tÌre confnsed. f lcur i:ee'ul e
'J. c onf'usu.¡i luvel (Col. , !lenebrioi:ic1ae ) , Eni " i,cc "
õnt-*-Eãã'-ãnnual repol:t' l?Þ " 7+-"1'7.

ühaÐiiianu ir,"ll" L924. i,i'ntritional si;udies on the confused- flourt 
bee'¿ 1e ':lriboliuiri ccnfu-su.:n Duval ' Jour . Ger' " 1'hys iol '
6: 565-Tigil-*.-

Che.pnan, tl . |i " L92B " 'Ihe o,Ltänt ita'c 1y9 9.nal"r/Sis cf environ*-- 
m-ental fac'i;c.rÊ " Ecolog¡r g : llI-l-22 '

Oìrai:äæ,nu iì,Ìi, anÕ-'t, lleiL:ð-. L934e" The biotic constants of- 
T " confllstln Ðtr.vel. JoLlil " Exp , ZooL " 68 : 293-34¿¿ '

Citlt,piriai1 , i.,"rÍ, i;.ifC1 '.;i.-:i" ,i:.1¿tiairj; " l-934b ø ::I\ e:lpefii¡effta] anal-- !-sis of t he caus es of l?orl)ulat icn f 1uciu.at j- ons . ,5cl- ,
B0: 297-298 "

ühristengen, i.l' f957. Ðeteriorei;icn of *qtcreiL grain b¡r
fu.ngi. Bo'u " .P,ev ' 25: l0B 'L54"

0ot'berell , G"S, 1952, 'ihe insecis asscciateõ t¡¡ith exporL
1rró,1-u.ce in Soutirern t'.Iigeria" Bi"ril ' LIn1* Res" 45
L45-)-ï',¿ 

^

cooiirbs, C 'Ìii " ãnö- J.ii" rììreelran ' 1956 " rnsect fairna cf an
eirr,ot;z graner.rii' Butl. Ent ' Iìes * ltr62 599-41-7 '

Coiton, R.T " 1950' Insect 6esi;s of stored. Lqijåin ancL grain'-p::od.uc'i:s' l3urgess -liu.b' Üon u i'r,ols ", jriinn' l:ievisecl'
244pp,

Cotton, iì.,!, :l-962, ,:lolv 1,o cont::ol inf eg't ations of fla'u graiü
' 
ireet les ' l{orthrvest ern l:,;i-lle:: 2ô6 : 5L^752 '

Cotio:r, ìì"!", .1jalzet', -4..T. and- J"C. ilrankenfeld'. L94+" COrl-''ûrol of ¡ri-Il- íi-rsects. Aner' j';iller 7'¿; 4L, 99, I00
and Il0"

coi;icn, ì1.T" s ,,'f8.nÌíenf eId, J.Ü " ¿,.1d. x"ci, Ba;'¡1'1eId.. L945 u ir,el-
:;tive sirscelJtiltii-i'b:¡ of enricilec'ì. and- nonenriche'J f I oi:-rs
1,o insect a'b'cack, i,ii-j-i-i:.g ìi::oC{" 221 i 5t,'
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iioi;ton, ,t.'J" u ìii¡alkd"en, ,ä"1,1", rìhite, ,,]"!" and. D'A.. 'iÍil bur"
L955 u Oauses of ou-tbreaics oÍ sioreil grain insec'ús'
liensas -jIì{Ð " li-ba " ì¡u,l-l- . '359. 5ôpp .

',jroirbie, -,i, " C , 19¿r2 " r jre ef f ect of cL:olvdíng lr-¡crr iite o¡li-
positi-on of grain infes';ing insects, Jot-r.r. jlx-¡:. BioI'
lg: 3LL-3+0.

ürol,bie u ¡i. C . L91++, The e-f f ec'o of Crowd.:-ng Llllon -i;he n¡r'ca-Lii;¡r.
ôÍ' grain i:rt-es'u ing insect s " I'loc ' Z oo1, Scc ' j-oi1d.ctl (Ä )

l-LT: 7Y *98 '
Ða.lies, i-ì. ü-, 1949. Th.e biotog¡¡ of L_¿lemo_phloe.u.s_ l,rinuì;i,ts üliv"' (col, , Oucu iid.ae ) ' Bul-l. Eniî*Ïle 3:gf--

îJtte, C,8. 1961, lt si;udy of' the üevelci;i,len'o cf bee-bIe in-
f est¡itions in f lcur-äil-iing. jiacili nei'J/ " ,i.ltn. :r,Qpl.
rlicl " t¡9 i 'ó'7'8 "

r'arrar u !,"D" aild. ';;i"l-). li'l-int. L942" Contrr¡l of insec't s Ín
L4-u 0O0gr:,Lin l¡ins. Jour " icoil, -,trn1; 

" 55: 6-r-5-619 '
I'raeni;ei u ,3 . and iri. Blerle'ût . 1941 " ilef iciency of r,'¡hi'b e f louf

in riboflavin, j'iaùure L47 t '7L6-?]7 '
.i¡raenkelu Cl" and- ir-," Lllewe1,t, L94'õ" t'he natu.ral f ood,S and. 'i;he

f coü reo,uirenients of several species of strrred. prcd.ucts
insecis" ',ilrgns' :io¡r' Int. Scc' -l,cnd-" 952 45'^/'49O"

:t'reei,}a.:re J " ', " L91+7 ' irreserV,:l-b j- on Of grains in St or'i:ge. l!ÀC
Int ernat icnal i.reet ings , Lond olt "

i¡reejjìan, J , !,, l-948 ¿ ijtored. -croduc't,S -Oests : a Stlrvel,r of the
princi-r:al -iin'ùo¡iolog.ical orobl eus in 'i;he 'J 'ii" -:-1111.

.ip.p1" ljiol " ð5 t 29L-'ðOL '
.i-lreerrran, J. j, " !952" L-aeriLqr;i1þelg S:?.,1, &S .lrra jor r:es'cs of

stored. grain. TÏfãã'E**---ã-mã"*l- : 69-'76'

Clray, li"I" 194-8 " lhe biolog;1r 3i. f I our beetles ' i"ilLing
-tr-.^rì Ð91 ": I L¡Lr ø ÆtJ 

= 
õ

Gra¡r, i-Ì." j" 1950. ,-rll-cur Llill saniia-bio:n" r¡ood. in Üe.nacia"
t 0: Ir -:t_4,

iiintcno J.C " L9+4" :i.Ì:e che:-risiry of rrjreat Eerlf, i¡i'cLt par-
'b icular= ref erence t c the scu'üe-11u..1¡i, Jour " Biocjtejrr"
58 : 21 +-?-L8,
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ij.cr,?lij-nË, L. 1955 " llood l¡ref erences oj-' 'cite i',ha,rra i¡ee'ùie.
Jcu.r. ncoi'r.. iint, 48: 552-5'J;s,

iiotl¡e, iì,ì,.¡ " 19+3 u jilt lnves-i;iga'c icn cf 'che cirenges in a bin
of st oreü wileai inf es'b eú ir¡¡ insects . Llu-iL " llni , iìes ,
?i4z I 45-158.

r,oi¡,¡e, lì"ii " l-91r9 " ijtrr.clies cn beetles of the f ariiii-y l.,iinid-ae,
2" .ü'ineness cf foodstuffs as a ractcr influencing the
raie of deveio-r::-rent of I'tinus tec'ctis .ùoielcl, Ënt,
Lrion" i,rag. B5: tgg-tgO" -.----

jioïie u rì. . i: . Lc)52 , 'Ànt oriiol oS ical r¡robleIús of f r:cú st crage 'r n
ilorthern I:,ti,seri¿1, lirrl-I. .Int, iìes ' 4!3: Ii-I-L44"

:j cv¿e s ir,. :ri " I 955, ijtud.ies on beet Les of blie fairiil¡r l'-b iniclae.
VIII" :ihe in-i;rinsic r¿;'úe of j-nc.rease of sotle ,i'binid
bee'¡Les' J:,nrr* {pygl. Biol * 40: I2l-13'õ"

i.icive, ii,iil, -]-955. -i,Elo.iilcniil oeus it-r.rcic'"r.s- (']rcuv. ) (Cof "u. Clr"cll-' j id ae ) in 'úhãT;;;;;-*Tñilîffiîîas " et : 63 "

Iiclieu :ì"ii" ¿itd, ii"Ð" :Ju.rges. 1952. utud-ies on beet-l-es of 'the
ïa"liil-1i i'iinidae " V-t-I " Îi:e ì:iclog;¡ cf iirre 

'tinid.s-¡:ecies f cund- ii1 s'cored ilroclu"cts' llt-r.l-I' lln'û " iìes " 452
r53*.1B6 "

]'iorve, iìi " rl " and. .i'I " i)" i:ur.ges " L955 " ijiud-ies cn be ei I es of the
faiiiil Jr Itinid.ae" IX' :i la.borai;or:v s'õitd.y of the biol-
cEJ'" of ]itinus tectus ;loield" Bull" In'Ù " i:les. 41t: 46I-
516.

iJor'¡e, rì"|i. and j,.I'" ¡e:fkovítch" 1957" the ilistribu.tion of
the s1;orage speeies cf Cr,:¡,rltolg_ät*-Ë (CoI', üucuiid:re) "
llrrl-1. Ent . iìes " 48 z 795-BO9 '

Jo;r, i'T.H, l9e5 * Recen'ü ca-pi:Lr.res of Coleoirtera" Ent " ..-cil"
ll.'.Lg " 61 : 16 "

T,arscn, ¿. û " and- ü " ia, l'i-sher " L92+. ],cnge-li'r,i/ ¿nå Íecnncli'b:'¡
of .Sru.cirus c1u.aùriltacu-1-a'r;u.s .Llab" as influenceå b;r d-i'Íf-
ereñlTffisî-Tõu]IîTl-ffis . 29 z 'à9'7 *3O5 

"

iti olesi es rr..?endee
ã .Desü--o:f ffiõreff

I 
^'iri.-^Ìt 

ì l- n l¡lvrj:vv -r.uvi-, Ðo.,. ø

,5teel and
-nroch:.ct s
ttL9^429,

.lerriov]-Ï ci1 , ], u,, o

f?re-acl. r-rl'i;

L957. lire biology cf
'i^ì:r^ l¡n1 f1ìl ôì1 'ìì Æaa\i_uliç \uu!ot uuuuJrqø,ç/

in ^"frLea' rrccn ;ìo¡r"

l-9 5i?a " r'ocd. clu.ali; ity
ñi-r¡"n'i: ¡l ost es -i;if f cicUSvL "Y lr u uÀvu u vp
#

-llf 1 I¡ o Scc. Lcnd, l2B:

and. ilensii¡r ef i- eci; s
(Grour¡elre), (col.,

AS
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Cucu jid.ae ) . lTOc " ZocL, Soc " Lcnd. L5B t {4'l-4"1 .

r'.c-Fl¡oviteir T"¡" I962b. the biolog:¡ of Cr;.''piclesies turcicusiv+-!v I :"- -*---r;r!

(Grouvelle ) (CcI 
" , Cucu_ jidae ) a pest of s'c orecl i+:tcl oro-

cessed- cere¿;ls. f'rcc. ZooL, Soc' î'ci'Ld-, lSBz 25-!ic'

J.efkc-ri-t cir, L "P. L962c " l¡. IlevJ synonyrrr of C ' iurcicus (tlrcu-v ' )

(Coi., oucu. jiclae) with aOC,ition¿rl dis-trllîuïTffi-record-s "".'roc " lìo¡i " lïnt ' ,5oc ' .Lcnd.' (B ) 5Lz '/)--72 '
r a-f3 lrnrrir¡:n'h -i .I," and. lì"li" .i.ri}neS" 19b5' lfrl;efaC-i,iOff Cf t"'¿O!E!ILVV !UVr¡t .!

s-peó:r es of C,r;1:i glggt-gs (Col. , Cu.cr-¡- ii"4-ae ) " Bull '
Int " Res " 54-;..TOËII2î-

-rins]-e;r, E.G" and. ,i.8" i.'.ichelbac}.er " L945 ' -i' report on'ínsect infesta'i,ion iit s'üored- graLn in 0alif ornia. Jolr'il*
icon. ,i.nt " ö62 8¿9-851 .

,Lisco.nbe, 1,.:,-iì, and ii,-1," fielt'trellS" 19ô¿" j-nsect ¿:.nd' rr:i''¡e
infesi;ations in erii-¡''¡--lr fs.l:',-,L greneries in bhe ifLiifie
i:rrcvinces " Cå.n' ilni , 94t 4i34-1t1+L "

,T-,oSchiavc u ii,i:" 1959, ObSerV¿tionS on f ooå lref el:e;:ces cf
f ive spec-L es c-i' s-'c orecl pro cl-uci s insec't, s " C ereel tirei]'
5ô: 299'5O7 "

LucaSe ü "1;, and- 'l "¿" CXI eJ¡' 1946 " ,i Stu.d;r of an inf es'c¿ii'ion
by -iaemcphlo_qgs spi:, 1 9qf " r- _-Cucll 

ji¿ae ) in bulk v¡heat "
åïfr'r. ' åFT;:tlffi . '1',ó t 289 -29 c "

irlec¡agene .D"S " Lg32 " lhe ef:rect of i¡ollulation iì.ensity u'pon
rate cf renrocluc,rjion i,jitir. S.oecia} ref erence to insecis,
I)roc, Roy" En'r,. $oc. ],ond.. (B) lfl-'" 45'7-454"

L,,.,ickel , ü,ii. enÔ J' ljtandish, 19¿¿6 " ìjllFcep'oibili'cl¡ o:i ediìrle
scya prc"4-r-tc'r;Ë iu s'uorage to at'tacll lr,r-t i' $sr-t'L:l 

'Du.vi.l"

'Iectr' tltr.Il . L''5* 'tST" iixl" tta*, -ÚnivT oïllilffi 2gi.r1:"

:,.j-ckel-? C "li. i,rnd J" ¡'i;an.dlSh' Lg¿t7 " Su.Fice¡r'cibilii;l¡ cf l'f oa

cessec'l- so;r f J-cu:: and- so;¡r g::it s: in siorage 'r' c at¡¡lcic b¡¡

îu castÈ.nelllli (Iierbst)' lilech" .Bui]-' l-'78' i'lrT" "jl'r)o
5',3;;fIñlT;-cf i inn. 20P1r'

:,,i_l-L_eru L"ii . )-g+4. J-nvest:Lgrli;ions cf .'bire Í'Icur beetles of
-cire geÏrt1s ::riboliu¡i " Jcv'T' leirt ' '*$31" T'ic'i;oria (r:'ust-
raliã ) a2 t*T6l:lT7î

.icnrc, :.ì..-ii",ìJ, L95)-" TnSect oeSiS ín czttgo shi-¡:S, !Lr'b' 855- 
Caneda jJe'c]l " :igr ' 1i5r', 

"



:1,:ntrien'cs in r,vþeat end-cÐl:er¡r¿"

1 .r,

L',l ca u Lt-L ç L!) <) .l,o:llår1 , *" i94iJ"
205-206 "

:.u.Lce:: j i, Ð" and" -ì " ü. ¡inha " L955 " -rlf f ec-b cf
irist ory o-f ihe f I cu.r beetle '-lribol-iu.l'r
Jclr.r " ira.ilsa,s :i-rr1,' Soc' 26 z IT-6;IãA;.-*

fcod" on -i;ne l-ife
castaneu.ill (ilbst " ) "

UalanclL:a
cv]--

iral e.',/e 'rl n-r" " ¿ind, tì. .'. ,l]cive" 19¿r-4' ,-"ec-Lors irrf-iu-encing 'ùlle
corr.r',se s'-í iLä ii:tLrec'; i:nf estai;i on in i:ul-k wliea';. .lni:1"
,'._p1.,1" ;rioI ' 3I: 76*80 "

,la.rku T . L95ö. ,itu.cìies iir l.rcpuJ-ati. cn ph;-rsiol ogJ¡ ' l- I . lrac-
'r, of's regLti:'"'ü in,1 ';he ini'l j-¿ll- gr';wtir c-F 'j " c onftlslllli pop-
Lr.la'oi cns ' "lou-r * .Íxll " ;'.j coi , 6õ : ò6-5/L '-

irÐirk, _rÌ . a.nd. 1., Licyd-, l9i-r5 " ü¿',-bi;.r¿rl Selec-bi on and blie on-i;-
cojiìe of colleeii'iioll-" iilrier' l:a'u " B9 : 2?i5-2+O,

,::ìeid,e J".i " L94à " ilhe f eiA'L; j-r/e Sj-zeS of ô.if-f eren'¡ Liar'üsi i¡:r
beel,les o j: '; he Sellüs .i.,¿¡.eiiroi:hl-oeus ( Ücl " , Üu'cu jiÕae ) ,
j:rrcr" -r.o¡;r " int. ijoc, ,-õnõ-"Trr-Ï7: l9*

lìe;,r¡161a1*e J',r .. 1943 . ()n '¡ne inireri'c¿ìäIC3 of f cocl- ef t=eci;s in
a f -Lcur.r lreetle -r.::Íboiiu.r,i äes-brir.ctcr U:'/t'ü ' .:rroc " i:ìc:j'.
.ill:f i, . Soc " .,cnd, "*TJf-l-5¿T 'Tõ:'Ïç1-;-

Iìicha.ilcl.s, o.i'i . L91L7, {-;bservf,'t,icris cn ¡<rain r.reevils,
(Col. , (lurctr.licnid,¿le ) . L, tleüe:ra'l biclc¡4y :lnd
ncsitio¡r' , rcc" ;iocL, iicc" ¡oltd." 1)-'l 1 L-t),S"

:ìiclia:rclgon, L),i, " l-q2ô ' .:. ':irysiclo3i cal s1;ud"¡¡ c-f 'r;.lre ;rct:-bh
c'Í'' the ,,e,J.iter::anean- f i or-rr r:,-otii (Ljohestia i:.ilhniell a
, eilàr ) in rrhe:,t f l-cu.r o Jcr,,".r * -¡T-16"ãî3"2îTçEî-qã9,

L949. .ì:jre birl o:-¡ o-f -ie,"crhlceu.s feri'u.ginel''.s
)" ü¿i.i1. Jou.r, ìeâ" (_rl- ãlfrBî-.*.-*-_-iìire'n,'b u rl " ti '

( s'c e_'Jir "

iìil-e'i;t u ::,(.; " :ttril, .ì.1-1. ',:¡eigel ' 195ii. -i l.'i:.lteil ,S'Lr.f 'Je-,'/ Of CCI-
eort''.;efa in feed a.nC- j-lCuLr liills. JOitr:' .lCCn" in-b" 49'.
151*156 "

,:al i¡icnðu ,,,." ,r'" 195ô " -:the insect ¿¿nd

f -l- or:-r iiill ' l:Jt¡-l-l " ln|v . lies .

;icì:t¿itzgebel, ,ì" i' and :I'l{" r,¡aIkd-e:r"
¿-[i oi.]- o'i' f-ri¡ s'¡rret- giàin b;rz

iic cl, , .l¡r'o . iiY : 2L*21','

i:rite fauna cf a ¡co'i.Lisil
41 : 6'¿L-65O '

L944" 51,:.ii¡¿er infesi-
i,iig¡:i;1,'u in3, i-nsec-'o s - " cL'.r .

r.r lüi .. !r I '-l 9 ,.r ¿ -.; u

:ì" cucu j i.;
i 61'¡i-r.;.r:Lieus,.'1, cr:il ",*r'¡-ii:Ff ffi ffi ::¿;,si'üe

l-c)'öõ " ilrt es
^ño1')t-i'nr; i r¡uv vL,-r rr.!t)



L+/i

labc;'':tcr:,r of üol oraac ¡tate Coll ses" úoi, .ii.!.r, ,¡;io. ¿ìt&.
lech. liu.l] , 17: l-20"

i:jhe-'rard", ll.il" L94"/ . I,:Lsects infes'oing s:1;creC. focds, lfech"
tsu.l l- ' 5¿-L o :ìglf , Ii:c¡-. " iJta" u Lniv', c-:l l..inil- z!01:¡:q

S.i,:a-ì I iiiann 3,li, ¡rnå S ".iì. " -l,oErchi evo " L952. i,.,iIl sani'r,¿l'i; ion
s-iiLdies " l: " ,'ìe -L¿:.'¡ive ËLisce-o',Ji-bil-i'b:'¡ cr l,.il ]. stoclcs
to j-nfestatic:r b¡;t i11ç coi:Lfu.sec1 fl.our: i:eetl-e, Cere¿rj ühej,."
2?: 4bl'-+4o,

íitr,it j: o L " E, -l-9 62 . Observr'; icns o:r the or,' j-rrosit'i on r;.,i; e :'f ',le
rris'u;1;. rlrain bei:tle C.r.¡':t,ol-est_g=ì. í:er_L:u_Íl,jr¡reJ:.Ê. (,1te1:h. )
(Col ,, üucu-;ict,ae) " ffi;*lffi,Tocî-liierl-ãT: ?'7-Bz "

lrre d.ecoru Ll" l9¿!E ' ;i;¡:tisiicei rr,e'¡licd.s ,::,ri:;l-ied, i;:; exûeL:i-
l;,ent s in :i"g::ictÌ-l-'cr-r.:i:e ¡,ind bacl cg.l/ " '.f ire T cr,r;t li-i;a,te ücil-
eÍ.le r'feSË1 , iirriesu IO\tI¿@

li'c:urie;i, J " lt-| tt6" lfhe er:vi.i=.:1.:rj-rï.---l- .i-:rc.e:t, a ner-/ jlar;.r:te,;er
rìrs atr:l-iec'i. ic :li:iboliLrll, Ecc'l og;¡i 27: ?iO1-'ôL4"

gir,ige't:l.Lì.riu .1,.,"Ð, ¡inói 1," 3, iiili;rer " LC)àt3 " Insec'i;s .*s ieË'ri ani-
¡i¿rIs in vibalrin -researcir, Jou.r. BioI " Oheiil, ''i'l i 'ó3-5'¿.

Íviier.s0ÌL, i'4,G, ¿nd. -rl" li*unnoci<, L9-t7' SeetIes iitfes-[ing s-;orer-i
gra-in in i;lre ì,,ill arle-bte \i;-'IIeJ¡ o:i L're.;cn" Jou.r- iicon.
jint " 50: I L?-l lB,

Teple.7, i-" i", Ë'uL:ong, ll 'il.n :rnü Õ "å' tJlveh jeri" L942 " iìj co-
l, j-nic acicl ¡ ?ant c'r,henic acid ¡lnôi l;:.rriclc)r j n in l"¡lr.e¿rt
and r¡¡heu'a'.Q'coiiuci$, Jcur" liu.'tï. E¿": 167*l?4.

'ì.hoic¿rs, E,.i," a:*ri lj.il. ljlielarû " l cJ40 " :ioe inf I u.e:rce of 'ü err.p*
era'bureu r,lcisture ar:.*- j,ooci upon i;he develoo,irlent ¿nil
sur.rvival of -bire sü,1v-t oo'u i:.ed- grain b e e-c le . Jcur . ii¡1 '
.iìes " ö0: 605-615,

:lnoiri¡.se J..r,," u 3ínap ,:i"il" i:ltd ll .3, .¡¡a\;r'11 " 191r?¿. :trhe nicotini-c
acicl ccn-bent of cereal prod.Llc'r;,3 " Úereal Ühel,." L9 z 175^
180.

r,ral lçef , l).r:,," 1960 " )_rOl2lr.ltr'ü icn -í'lU.C'ùUat icns ,,itld cCn'urOl cj:
s'cored ç:¡'ain insec'i;s ' :ìecn. 3u. l l " 5L. igl , 'iì-l)îrl . 5táì, ¡

li¿sh, Êia'¡e ü'nirr" r -¡r'r.ll.nan, ï,Iasir, {jó,-:ou

iTa'cters, -i,L , L9it5, Tnf es'c¿:'i;ion probl e¡:is i¡ ¡¡1il irnfl in,j.t-,.str',i.
{ií:,it. " :,:'iJ-li:rg anú .i:-eed 5? ; L9 u 2A a-nd 52.
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:.å'rii,eilËe .rl'"-Lu L959. ijtcfeC;- $Ta.lTL lles1lS Lìnd, theif CCr:i;¡:Ol in
'úhe l,,rairie :r:l:cvinces ' Bu.ll' 9 " iii're Iier¡a.te¡g 'l1arn
¡ert¡ice, .,ri_n;ri teg, ir.r.r"nit oì.-ra.

iiilliatüs, lJ. i'j " 1950 " Inf esta'ciorr iil u he f L-ou.r :irilI " ,',rll j-':g
II4.: 311 u 5ry 6 .

l,i'illiaris ¡ ii " C " LC¡54" f;llserva'ü icTrs o¡r the iif e nist c-i:;r of
,,áeiriophl oeu.sr iri'ìnu.'r,L1s ( Oiir¡er) (Col., Üu.cuiidae) lvnen
ffieã*on-îæîoüF,Efffied. cere¿l€i anð. cereÐrl riroil,u.cl; s "
.3u.1-l-. jjnjl , fi.es " 4E; 3t+L-?55O '

:,jill isu ï"R, ¡.nd |.i'," i:ìcth. 1950" Iire a'ti:rac'¡ioii c-f i'" c¿lS'Ù-

ene-L.r::rjl to f lou.::. Jcl-Lr' Xcort" :in'c ' ti1z 92Y-9b?,"

:irill,is, E,R. ¿nd L"i;. iìo'bil" 195'j'" iìeacti i'"nS of f -i 
c¡U.¡, i¡eet]-eS

of ',,be ,qemrs ilriboliu.l:r tc carÌlcll úic:rid.e and d.r¡r i:ir"
Jour ' 

.,i!:'" 
" .ioõifl-T2T:-l 1'7-l :j¡- '
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?,5 d-ivid.ed r¡r¡ the nunber
(hi:'cctring o:i egg 't,o aau.It

of c-ì.ai/s reciu.ired :[or
ene:rgence \'!ith'tiiie

on l:.id.dlings ad"o-oteil-

deve loi:¡rent
Tai,e cf cievel-
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