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INTRODUC UO;N 

. 'J,'h~ hA\'l~e fly, Mueca o.omeetica,_ L., ~a.nk1;1 high in im:portanpe amqn~ 

a;rtnropods ~f ~ctiea). ~PO. veterinary importam::e. 'J;'his is ctv.e to a 

v~r;Lijty qf fa.<;rto:rs.. 'rhe cosmqpoli tia,~ d.istrri'o'l1'1:r;i.,on1 type qf mmith

pa:rts, :riitiri;r l1H1bit;s, ~ct :rapid rate ot reproduction areat\') high veei;,q~ 

pote:i;1t:tal:Lties fer a wide :range of; d;iseaf?e1:1, 'rhe annoyanGe to ma:q a;nd 

his dome;atic aniI118,l!:i is i13rp~tter factor wh;tch sh9v.J.d be considered in 
. . 

the E;!val1+a tion · i;>;f 1;,hij · im;porta11ce o:f· thi~ p~st. Certainly~ the un-

sightly :m:·ese:11i:;~ of lcp:1ge numbers o.f hous'e flies an<i their spep~s~ :i,s 

npt a problem to be overloQke~. All qf these fa~tors indicate that the 

ho~se :t::\.y :Ls wq:rt};1y o:f' oonslcler~bie ;i.nv~st;i~ati<;>n, 

One objective of the ;i.nvewt;i.gation13 reportect ;in ttiis tnefilis was 

tQ ;tmproy~ ~:x;p~r~en1ja+ met,hocls of detElrminin.g the senaory percepticm 

of V9-riqv.i;; bait factQrs 'Qy th1:1 house fly. Uniformity trials and. p:rei,.,. 

:q.min,;1.ry ppt;Jerva.tiqns were :rp,q.de with regard tio 'both laborato:rY and 

fi~tct exper;Lmentation, This prelimina:ry type of war~ brought about the 

use 9f new equipment ancl methods a$ compared to pre~ous exp~r,irne~~ 

tation, by other workers. 'L'his also allo1'fed a morf;'l :l,.ntell:i;~li:lnt cr;u;,ice 

of ~tat~st~cal mElthqqs ~o be employed in the various tests. 

Another objective of the experimentation was to determ;lne th~ 

etfectivenei;,s of sever1;i,+ fly bait const:l,:t.uents when subjected tp 

va:r;j,ous e~per;unental cond.;i.t;io;n.~. Also, by the use of approp;r:!.ate sta"'I · 

t~st:i,c~l m1;1thod,s ~ the :i,nt;.e:ract:i;ons among the efi'ec;ts of tb,e various 
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factor;:, and. thei!I typei;i and levE;/lS we;re cons:i,d,ered. Fq.ctorii:1,1 exper-. 

;im~;n.tl:i WE:Jr~ used in.investig13ition~ of interac;:t;i.ons~ :r;t was thought 

that information would be be~~ obtain~d by testing all eombinations. 



. ~!EW Of l.il T~RA TUR$ 

· iARLl O,q~TROL WITH BAlTS~-,.,..~Qme of .the first cQem:ica.l control.s 

~se<:l i9,g~in:;1t tti.f;} noµ~e fJ.;YT~ M:u.sca ctome~tica L.~ we.re poisoned bait~ • 
. ' ',.. . . .. ',' . '; 

. . . · .. 

l.:i.µiate .we;rfil ¥sed a,roupq lrSOO tq prepare a 9ai t . for hou,se fl.ii=!$ :i,n 
. . ·. : ·. . . . . . . . . · .. 

JJ;ng;L~.11f;l, In th~ e~r;J..y J.900 1~;, Smith 0,91J.), Mo:rl;'iil (l,914), and :Bµ~~ 

(:i~;i.~)·repp;rtefi ,!!;Ood. res1,1lte with f9rmal.:l.n b~~ts c:pntaining su~i;:i;-.,· 

mil-k, or 'Qreqq a.s ~ttractp.nts ~ .· Morri;J.l a'.l.~q reporte~ thp.ti ethyl. al.co .. 

hp~ w~$ l;>gth at.trp.cttve ~nq,p9j,:;;o~qus i:,9 housf3 fl;i.~e when nd~ed l 

pa~t, t,Q io p~;rt,~ of w~ te:i:i, ,. f~n~~n arid :ei~q·e~~o;rf ( 1939) fo~nd a· 
. . . . . ·,. ' . . . 

. .t'P:rnia.l~ll l:iai~ AQnt;.a.in:i;n~~lkf wat~r, and, mo;J.ass~!;i as attraqtant~ to 

o~ n~;l.pf1g ~n reducing_ f:\rY f!O;pµl~t1,qn;:i, 
. \ . .· . . ,, . ... . . . .. ··. 

QHn;iV.O:OAL A+'raAC'l'lON4!~,.,.Attraction mechaaj,~ms l+~ve 'p6len ~n 9,r.E;~ of · 
. ' . ' ' : . . . . 

fr~itf'ul r~se~rqq for some t:i.m~, ~ny factors ~eem to piay a rqie. ~n 
. I . . . . . 

the attr~ctiqn o;f. hoV,~f/3 :t.'iies to c,;h,emicals •. Q):J.1;3micals whiih attract 

thll;l hou!iie tlrY 1 ,fi;nq wniqh mi&h~ be u,~ed, i;o aqva;o.tage in c;;o:11trol~. nave;, 

b~en: the $-q.qjec1;, ~:f ;t;1v~:ra;l, ii,.velil\iga:tip;r:;i, ·~tch~rdso;n ( l,916~); and, 

(l?;t.61;>1 QQnclw;led. that hous~ flies are attracted by ~onia. t'r9m fer.- · 
. . 

. , .. . . . 

m!;lntin~. orpsani~ ~µ°l>liit~nces. l{e, t'.Q1J.ncl, th~t amrnQl!i:1,a attract~ a· pre .... 

ponde:r~nce 9f ;females whicri 001,1ld l;>e ;L:qd:u,cl?d. to qv:tvoeit, u:pon cert.a.in 

ferµte:qt,in,g organiG · ijµbl?ta.:p.ce;:i, Riqh,ardson. 9onceded ~ how~Vl:;lJ', that 

tn, ~titrq,ct;l,on J'e·sp~nse ;Lp ~ompl:ica.t~d b;y otp.e:r factq:r~, . 



'I'he response of the houge fly to C(;:);rta:i,n fqod.$ and, fermE;,nt,ation 

products w,;:1,s i;nvestiga:t:.ed by Ricr1ardson ( 1,9:i. 7), He col;'lcluded that 

yarious eanb9hydrat13::1 f;luoh a,$ glµcose, ,fruct9se, mq,li;,ose, lactos~, 

sucrose} s~4rc;;h, a,~d, d~;}l;trin. wer·e not very att,raptive tQ house flies. 

Sucro!;ie Wg,$ oonsistent).;y c;1, poor b,;1,it. Bis ~x:p{;lrim13nts ind.icated that 

aqueous ~H;>l1;1-tions of wh~1:1,t flo1,1,r and mo;J,asl::)19s to which S9dilllil arsen,ite 

9-nd ~ylic {si;:7 &lqoholwere added have conside;r(lble vaJµe a$ po:i,~011,ed 

baii;.s for nou~e ;fl.iey;,. ' 

Spey~r (:Ir920) fo-µncl tihcJ.t (i;l$se1Tt:i,~.i oi:J,~ are v,ncJ.ttract;tve;i to trie 

hOUS'1 f:J,y. Some of ttiem evoked. :negative ohemc,-:rtrq,p:i,q stimµli~ thef;l<;3 

being q:j.1 o;f finµ$ ~y;l\l'e,str·is)tp orange oil,., lemon oi:I,, qitrone]J,a 

<>il, oil qf juniper berr:t~s, and pass:i1/1rY qamppor qi.l~ AlsQ"' porne such 

as sed.a.F o:i.l.-? ~u~a;L;y-pt-qs s:tU1 anci oil. of bitter a]Jnq;r:tds were :i,nactiv~ 

in :pl;l.i~ing ~t;Lmuli, 

. wn.e~ber or µqt Qa.rboi;1 d~o.:lf:i¢l.e acted as liJ.U attra,,rt;.~nt ;t;o:r 11.P'lJ.S~ flie~. 

They cqnc;J.,~ded, h<:?vreve:r, that earbqn alioxid,e d;lc:i not :i.nduc;:e ov:i, ... 
I 

pqsition, 

;Laake et al~ (:L931) fqunct that several mate:riq.l;:; were attraotive 

bu.tyr;al.dehyd~, a,nd formaldehyd<;l, 

Chern:i.ca;L~ have al;:,;obeen tested h;r means· of an olfactometer 

(Wietiqg and Hosk:ins, 3.rSl.39)~ Their re(:lu],.ts showed that mixed groups 

of qause !J,.ies having a sex ratio of ap:p:moximate+y Wlity werie attracted, 

tQ arnrnonia. 9-'G a con91:mtratic;m gf O"Ql2%~ hq.t were stropgly re~Ellled at 

c,ni,centratiop$ greater than 0.03J;. Carbon c;J.io;icid~ had no ap:pre~iab),e 
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et:t:~ot 1.+P -t:io 2%, .Ethyl aioo!w;\, atti;-a.;;ted, ,feeb1-,~r 13,t 0,012% aAd 

:repetled, aoovei O, 05~t. 'l'h~y also r13pqrted that ,females were mqre 

~trongly atti;-ac;te:d than n1.a,les to a1:qrnonia. 

'l'wl:? W0f~((lr$, yansk;ayc), 0-94l) anG. Yat~s (~9zJ.), fqund that. the 

add~ t;i,on of arnm,on.iu,m. ~arbqna,te tq baits :j..mproveq 1:ih~:iri at~1;1a~.rt;.j:~.r1pnesf:l, 

'fnis1 matiel"'iai a;J,so §t:iJr\1,1.tqi.ted qvtl,.pr;,$it~on, Seyera.l :invef:ltigator9 

r~portEJd tl;le test1,ng of ;J,.arge nu:mpe~"fl of cp~m:i.Ga).s as att?;"actants for 
\ , I • • 

hQttse flies. Deth:\.e~, .r{a~kl!:ly, and WagnerrJal,lre~g (1952) ;Lndi9ated 

tna:~ a Q.Ol~ mo]!.ar ;,O;l.1.l,t;i.on o;f iso.,valep~J.denyde fa~ Sl.t:pt;irzi_pr in its 

attrc;i.ct;i.on of l~i.;tsaa. ~· tr;, a+l qt!'ler ll].<;l.'\;iericl.;t.s tested, /-l;l..(?Q, ex .... 

. tefs:Lve te.;=.it~ were mad.e 'qy Brown, West, and L<!lckley (~96:L) ;in whiol;l 

a, +R<fs;e n:u,mbe!I of m.ateri<;1,1;s were com}i4e:re4 ~n, an olfaqtomete:r; then 

some pf the better q,nes w11re tes~eQ ~n a cll;)sed r~om ~ncj. in th~ fie,l.d, 

'.l'hE:!y cqncluded tpp,t, no s~nglt;1 eompqund wa$ ::iq eff~ctiv~ that its 

~~tr&ct.iv~ness cov.lq not oe enbanc~d by a.omixture, The most attract.iv~ 

mat~111,ai c9ns:i,1;1ted of flt comb:i,nati~n, in aqueous sp:J.;u;t;:lon, of 57i m,?,],:~ 

ex;·~ract, O,?% ethyl .a.:].c9hol, Q,0~% s~atR+~ anq 11; aceta.1, 

FL+ FAC1:0Rri··mVariRUS :r~$$ar~he:n~ m~mtioneq. a ''.;fl;:, ;fa.cto:i;,11 j,n, 

repqri;,.s op at'~raGtar1t ;:;tud,;i,es. Barnha,rd apd Cbactwic;~ fL953) i::qncluo.ed 

:fi:rom, thet;ri date, that ~';!.;Les vvh~Ph v;tiri,tsi')c;i a bai,ti coll,tributed tp it 

some suosta.n,ce whic;h enhanced its a.ttra.c:tive:r1.e$s tp ~he sp~cies, The;v 

found, thafi an att.rac,tive mater::i,al s<;>lub:j.e in 9~% ~th;rl 1;1.:lcoh9l, bl.!l.t 

m~ch iE;lss in ether qr a,cet~me, cquJ.q ~e 1:r~'l;,ra,~ted .from 1pl:w- fJies. 

ijeth~er (195~/ fiUggEW\:ierJ that ;fJ,ie$ WPiOh ~$~{l.peg..,.from'.1;,ra;ps ;l,eft 

iil., volat:U~ qoqtaminant on the Qµtside 9t' the trap errJ:.r9,11ce 1 ,&nd trat 

f+~es w:ith:i,p tirape generated 6~J11~~hing wh:i,.ch !'f313.C'\;,ed w:i,th sugar 110 
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pr9duce a.n attr~ctive yolati+e brew. Further:mQre, tl:1E:y stated tba.t 

th~ qontamin<;1qi;, is not species.,.r:,:peei{~1;:, a11-d that flie(;, prpduced on 

tl;i~ir legs appreciable amotmts pf tnverta::;e wh:i,ch hydrolyzed su9:ro:;,e,, 

me),e:zitosy~ and riafJi'inqse, ta.te:i;-, Acree et a,l, C!.959) reported t,hat 

;Lri i;,hei:Ji' testi:;, pnly J,O to 15% of th~ flies were 1;tttract,ed to fed"l:on 

i;,u~rose.. '];his indici:J.ted that the f:l,y tactqr is a l9wr!"'o:rder attrf-tet,ant, 

tile chem;L9al rec3ict:Lon pro4uct of su,crose which ha.cl. appreciable attrac-

'~ARSA.L S'~'IMULA'Jl:1=0N.;..,TwO sugar~, s11-qrose a;nq, levµ::),01:J13, wer~ used 

as stimvlato:p9 of tarsa~ $8~~;rits of the house fly (Deo:nie;r ;md 

Eic;iha;rp,son, 19.'.?5), r:rh~y foun\'.1. the tarsal, segments to be sens:i,tivE; to 

solu'l;,iqns q,f su\;;rose ,;1:qd levµ,1,ose. It W/3.S asswned that the re;:3ponse 

to the su~ars rE:su],ted from stimu.;Lfl, tiPn oi' ohemcrreceptori organs. 

6 

COLQg ATrrRAC'l'JON.--.The c;iol.or 9f ;su:ri'aG~s to wt)ioh ho-qse flies 1:l-+i?. 

att.raoted has be€;10 a stJ.J:?j1:1ct 0f inyest::lgat;i.on i;'q:p many yea.rs, An 

ea:(Ly wc:>rkeri, L9dg<;l (191$) ~ foµrn:l. th1;t hou1:3e ;J;:)J~s d:i..d ngt show !;l.ny 

coJ,o;r :preference, Corrt:r•as~i:ng :res1/l,t.s were found by Freeborn anq Berry 

( J:. 9~ p). 'fhey used a checl<lilrboard q,n wh:l,oq 13 dif;fereqt, colqrs wer!;l 

painted, each $1..J.rrotindeq by a Ji-inch b9rde:r of white. ThE! m~:n,t a tt:ra c ... 

\i ve colors in tbei;r test we:re darl~ 1;llu€l ~ darl-c i~E;ld, ~ l.i&bt grey, apd 

oana:ry ;yellow~ O"the:r1 cqJ.,on in thE;):i.r order of att;.mot;i.veness we;re· 

9;r~:nge, alurninwi1~ jaqe ~reen~ i~~nt ~~µe, white, coral, foam green, 

:Lvor;y~ anct p:riI11rose. 

Food :p&okages wra,ppect in v1;1.rious c;;q;).p;rs were test,;:id by fli9-rsham 

( 1946) in a Peet-Gra9,y ~r).i:'lJ11per. 'l'be n\;\I/lber of fly spE;clj:s <>:n the 



\'f~a.pper in,d;icated that a.lwninwn Wq,S m~;riq att:ra.cti,ve than othE;lr cqlors. 

Other coiors in tpeir order of attraetivene~~ were light red, straw~ 

berry red, orange, dark yellqw, ltm~ gree~, light re1iaw, and purple. 

Wat~r4otise (19t,.$) ha.$ done the most extensive am.o\Ult of work on 

th1:9 attractiv~ness of d:i,;f.fl:lrent colors to bou.se fli~~. His report 

~tatect that it had been cl~arly establi~hed that ho1ise flies have a 
' . ' 

definite order of p:referen~e f9r surfaces of various eo.J.o:r~. further-.. 

more" such a pref~rencl:l m.ay l?e either for the color of the surface, 

o:r t,he intems;i. ty i;:if light ref:LE;icted 1 or a. com'Clination c;if both f~Gtors, 

Thi1:1 w;:,rk; als9 suggested a ~orrelation bijtween the am.oulllt of light 

reflecteq by a pair1,tl;ilcl surfac~ a.n9- its attrac;tivene$;;i to. .fl;!.es. The 

~:i..~htier co;I,ors w!llre le~s ~ttract;l;v~ than the darker 9olors. Waterhouse 

conoluded that darlc oc;,1ors migpt be \lfled to att;raot hqt:1.s~ f;l..i~s to 

t:re<9i ted. f?Ur.:f:aces. 

fiowel,l (196~) fo~nd t,h~t, gf a vari~ty of coiorect Q4its, tan 

. pa:).ts k:).Lled the most flies. Y~llQw.? b;r~wn~ a:q.q. p;i:n.k were .more a.ttrac? 

tive than unco;J.,o:red. oa:j.ts. B'.Lack, d~rk qlue, red, apri dee:p orange 

wete the J..east attractive colors for h9\J.:;ie f],y baits. 
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CONTEOL W:C'l'B BAlTS • ..,.rrRe~;l,sti?-n.ce to POT (dicnioro diphen.yl tri

chJ,.o;roethan,e) and otheri i;ihlortnated hydrqcarbon tnsectiGideEl has shifted 

emphasis to c9ntro+ with qrganic phosphat~s, SimultaneoµsJ,.y, renewed 

int~re9t has develqped in tegard t9 tne use of baits for ho~se f+Y con~ 

troJ,.. Bruce (1953) proposed a new technique in the co:p.trol of th~ 

ho1;u;1e fly. H~ sug{?iested a bait, prepared from ~aro ElYrup and Bayer L 

1;3/59 (dim~tny:t (~,2,.?-trichlgro~l ... hydroxyethyl) phoi,phonai;,e), This 

m:l,:xtu:r~ wai:, painted on v~;rious 13urfaces in f;ty :i,nfested areas and 



allowed tq harden, Good control was reported over long periods of 

t:i,me. Bruce conceded that the bait mil?;ht be ;i..mproved with the ao.

d;i..tiop. o,f ap, 13.ttraotant. The u,se o:t' li1=1_uid baits is sl,lso ment:i,oned 

in the ~~e year by other author~ (King, Guyer, and Ralston, 1953; 

PI'ice, 195.'.3; Gahan, et alq 1953; and Thompson, et al., 1953). 

O-aha:n, Wi)..sonl and McDuffie (J,954a) reported that Diazj,npn, 

(O~O~diethyl 0"(2~isopropyl-6~metny~-~~pyrimidyl) thiophosphate) and 

l;3ayer L 13/59 were more toxic than l!\q,lathion (O,O-dimethyl c'.l.ithio

phql3phate of diethyl m~rca:ptosuc::oina:te) in an aqu,eous $Olut;Lon con

taining :J..0% mclass.es. Bayer L 13/~9 reduced the attractiveqess of 

ba:Lt;.s 111l;ightly., and ciprtain conc~ntra tions of rnaJ,.a thion markedly 

~educed their acceptability. 

Dry !3Uga.r baits cont,ain;Lri.g Q.l% I!IAlathion., Dia:1;:l,.non, or Bayer L 

1~/59 gav~ 99% kills of fl\es in 16 hours, and h~gher Qonqentration~ 

gave faster ldJ,ls. · Ba:ite storE;!d fo:r 1 month s)1qwed np lQs~ o;f toxicity 

(Gahan, W;ilson, and McDu:ffi13, 19541;;,), La,ng.fqrd, Johnson a.nd Harding 

(19~4) ~ and Johnson (1954) ;indl.cat~d good r~sults wit.h malathion, 

Diazinon, and Bayer L 13/59 baits~ Jqhnson report~d that initial 

kiils wer~ not a,s rapid with dry baits as w~th l;iquiq baits. 

Malathion bait applied tp concrete floors or sacks in steer 

;f,'eedi:ng barn::;; was foliJ.nd to be un::iat;isfactq;ry by Guthrie and Bak~r 

(1954), Th~y concluded, that poof results might be du~ to molasses in 

!!ilect.ing troughs which competed a19 an attrac;:tant with the po:is;;oned bait. 

P~isoned baits gave satisfaci;ory rei$1,1.lts in prelimina:r,y tests in d&iry 

qarnr;i a:qp. cru.ck:en h,ou.ses where other attractan;l;is were not present. 
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Treatment of garbage dwnps with ~ait baits containing 1% Shell OS 

?046 (l~methoxycarbonyl-l7propen-2yl dimethyl phosphate) or Shell OS 

1808 (2rqarbethoxy-l-methylvinyl diethyl phosphate) or 2% mal~thion 

was effective (I<;e~ler} Wilson: a;n,d Smith., 1955). Less ef:fect;i.ve bait:;i 

WEH'e O,?% Bayer L 13/59 in S\lgar splution and ~% malathion in black 

strap mQlasses~ 

Gran~la:r ba;i.~~ were used by Kellet and Wilson (1955) to give good 

contvol of hIDuse flies. A. bait corrrposed of 8$% cornmeal., 10% su~ar., 

and, 2% ffii:J;4thion yielded sa.t:i,sf$.Ctory :results with daily applica,tio:qs 

during a 4-day period, A s.:l.Jnilar bait w;Lth 1% Oiazinon as the insec

tiGid~ gave l:latisf'actory control a;f'ter the seooncl. d,ail;y trea.tment. 

Kelle:r (1955) used 1 or~% Ch:l,orothion (O,O dimethyl o ... (J ... chloro

~~nttrophen;rl) thiqpbosphate) sugar b~it. to 9btain satisfactory results 

a.t .rn::!.lita,ry installations, Cqlorotbiqn, Diaz:i:non, and BayEpr L l3/59 

;31,.1,ga,r ba:i,ts gave exeeJJ.ept. kill$· h1,i;t n<l1 reqidu.a.l e,ff~qt:;; (H,a,nsens, 

G~anett, and Q!Connor, 1955). They sta,t~d that bait results were not 

cqmparable to thos~ of residual sprays, 

Malathion, Diazinon, Pirazinon (O,O-diethyl 0-3-(2-prqpyl~6-

rnethyl-4 ... pyrimidinyl) ... thiophqsphat~~, Chlorothion, American Cyanamid 

4124 (0~(2-obloro-4-nitrophenyl) O,O~dirnethyl phos~horothioate), and 

Bayer L l3/59 EJuga,r l;,ait~, both wet a,nd dry, at 1% gave 90 to 100% 

kifl in Z hours l)llder labovatory conditions (Johnson, Langford, and 

Lall, 1956). With few e~ceptions, flies fed on all baits promptly. 

BaJts prepa,rec;i with Bayer L 13/59 appeared tc, b~ more attractive than 

othe:rs 1 Fliei;i were ~vidently repelled at initial feeding r,,y Amei:rican 

Cyanami.d 4124, but k:rlockdown was fast, 
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W<:?99.t;m tongue QE.lpressors stapled to paper coasters 9r pieces of screen 

ooate¢1. ,vi th a s:!.urry cc;mtai.J11.ing a.n insecticide, sugar, and !:!Pmetimes 

agar~ sand, or qther ingredients. They reported that baits conta~nihg 

Ba1er ~ i3/,9 or· ma~~thion gave eff~ctive cqptrol for 28 ~o 9$ days 

unoe~ condit~ons of !air sanitation. 

tla.n$e:ns (1956) descr;i"bes a "pl.ate" method of testing baits, This 

m~thod conqist~q qf expo~ing baits qn plates or other cqnta~ners in a 

lO 

ba:rn ~nd eqmpaJ;1iq,g ef:('eot:j,venesE! by coµntipg flies v;i.s:Lting the ba:lts 

q:r deg.i;l ;fli~s on the cttshes·, He p;I,aceq, the containers ~ feet ap$,rtf 

and _counted 10 t;i.rnes each 30 minutes for a Z-hour period. Hansens also 

evai~ated dry ~ugar bait grid counts in stan9hions. Diazinon and 

Bayer t +3/59 baitij gave e~oellent results. Dow ET~14 (o,o dimethyl 

o~~,4,?-trichlorophenyi pnospqorotnioate) and Dew El~l5 (o~methyl 

o~2,4,5~trichlorophenyl phqsphoramidoth;i.oate) w~re not quite as go9d. 

imer~Gq.n Gyanimide 4124 and Ortho dry ba;i.t were le$s effecttve than 

trio~e p;rev:iou!?lY mentiQnedt a.nd malathion an~"l Fasqo ;fly flakes were 

unsa~isfa~tory. Diaztnon wa$ the superior wet bait, 

Synerg~ze~ pyrethrins (pyrethrum) and all~thrin (5,!1~2~a~lY+~ 

4 :P.;vd:r9~y .... .'.3-niE;ithyl~~rGycio:pe;ri~<:3n,r,J, ... qn~ esters of c\s
1 

and t:va,ns ~- . 

Ghrys13,ntnemwnrnon,ocarb9x;y],io acicls) qaiti;:; wev';3 used for the control of 

o:r,ganophosphorus-re~istant pause .flies (~~BreGq_u€l, Watson, and (}ah.an, 

1958), TheEle "baits were less effective thi9-n D:Lpt~;rex (Baye,r L 1.3/59). 

against malathion-resistant fli!:ls •. In ,f:\,eld tests-? 1;>oth 0.1% pyreth

rirn~ ~nd 0.1% aJ,,lethrin wer~ sl,"l.pe:r;i.or to Diptere~. 



Laqor@rtory and f:i,el,d te$tS were conducted with J,% Dimetilan 

(.3rmethyl,pyrazol.,..(~) ... y;I. dimethylca:rba.mate) sugar baits by Smith et al. 

(1960). They found that the bait was effective against organophos~ 
i 

phorµs ... resi$tant f'lOll.68 fl.ies in laboratqry tests and in one of two 

field test$ in dairy barns. Ribbons impregnated with a sweet syrup 

anq Dimetilan and cords impregnated with a mixture of parathion (O,O

dim.ethyl, Q,...p ... nit;rophenyl phosphorothioate) and Diazinon gave practical 

control of ho~s~ f~ies in hog parlors but not in Qarns or poultry 

·houses. 

aEHAVQRIA.L HE:SISTANQE.--Behavorial resistance of flies to mala

thion baits was indlcated in a study by Schmidt, and LaBrecque (1959). 

:Oipterex baits ~howed no evidenqe of resistance, They concluded that 

the degree of avoidance de,inonstrated in their experirµ~nts could b$ one 

of the ;('actors contr;tbuti;ng to tpE;J lack of cop.trol with,baits in the 

fiE?ld, tho11gh less important than physiological resistancE;l. 

Gahan et al. (1953) discovered that DDT~resistant flies demon-

1:rtrated a. pattern of behavo:i:·:ial resistcl,nce. Cqncentra.tions of TEPP 

('tetra.ethyl pyrophosphate) above 0.5% were sqmewha.t repellent to these 

:flies, 
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VALVE OF :OOVP AS A tlOUSE FLY INSECTICIDE.--The value of DDVP (O,O-

d,;i.methyl 2~:Z ... d,,ichlo:rov:i,.n,yl phosph&tE?) as 1;Ln insecticide was first re.,.. 

~orted, in 1955 (:Ma.ttson, Spillane, and, Pearce, 1955; Kilpatrick, and 

Schoof, 1955; FlUrJ.o, 1955), Kilpatrick and $choof stated that pre-

lirnin.ary ~tudies by them demom;trated that DDVP offers consideral:?le 

promise as a toxicant in baits for house fly control. They found 

th~t the effective concentration Qf DDVP can be reduced well below the 



0~1% ~evel connnonly utilized for other organophosphorµs compound~ 

such as ;malathion, Bayer L l.3/59, anq. Diazinon. ;Liquid, ba.:i,ts con,,.. 

taining 10% sugar aAd 0.01% DDVP ~ave cont~ol for 24 hours. A similar 

bait vdth Q.1% DDVP gave control tor 48 hours. 

Complete mortality of hQui;ie flies was attaineo, in the laborcl,tor;y 

with ~ugar bait containtng 0.01% DDVP (Fluno, 1955). He found that 

DDVP an.q its homoJ,ogs gave greater reductions of how3e fly numbers 

than Bayer L 13/59 as sugar oaits in the first 10 minutes, but control 

was equal after 4 hou~s. Schoot and ~lpatrick (1957) indicated that 

DDVP ~aits ijave :j.mrnediate reduction of fly populations at a dairy. 

The most effective insecti,cides in an extensive series of fly 

bait tests were Pibrom (l,2~dibromo-~ 1 2-diphloro~thyl di,methyl phos~ 

~hate) a~d DDVf (Howell, 1961). He stated that 0.25 to 0,5% of the 

insectio~de in the bait was t~e most effective. 
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in laboratory tests on knockdown and kill with 22 organo~hosphorus 

compounds againet insect:Lc:i,de ... sµsceptible fema:J,.e house f:Lies ~ the most 

rapictly acting ~nd to~ic compounds were DDVP, Dibrom, DiazinQP, Para~ 

thion, and ronnel (O,O~dimethyl 0~214,5-triohlorophenyl phosphoro

thioate) (Eddy, 1961). The flies were confined on p:).ywood panels 

wh;Lch had been sp~ayed with acetone solutions of the insecticid,es 1 

Lo;1:1ber (1958) reporteq. tJ;i.at Dl)VP used as a fumigant offers a new 

approE1.ch to the Gontro],. o;f eotopc$.rasitef! on animals. DDVP was the 

faste~t acti~g fumigant tested ~gainst house riies with regard to 

knoc~down (Ihnd,ris and Sullivan, 195$). 

CHOSS RESISTANCE,-"'Forgash and Hap.sens (1960) studied the toxicity 

of insecticides to Oiazinon-resistant house flies. They found a low 
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level of increased tolerc).nce (l+ to 7 fold) w;Lth DDVP, Dipterex, Oibrom, 

and. Phosdrin ( 1,-metrwxycarbonyl-l-epropen-2.,.yl-dimethyl phosphate) Cross 

resistance to phosphates and phosphonates was less pronounced than to 

most phosphorothioates and sonw dithioa,tes. 

TOX:]:COLOGICAL PROPEI=tTIES. OF DDVP.,--DDVP i,s a relativ~ly safe insec-:

tic:j..\:l.e to use~ Radeleff and Woodward (1957) found that it was not 

lethal when giyen orally to calves or sheep. Also, 116 spray and dip 

we~e not toxic to cattle. 

'J'he acute oral toxicity of DDVP to Sherman whi tl;'J rats was studied 

by Gaines (1960). The acute oral toxicities to ms.le ancl. female rats 

were 80 and 56 m~./kg., respect;ively. 'l'he acute dermal toxicities to 

male and female ri:J.ts were 107 and 75 mg~/kg,, respectivelyf 

The to:xicological aspects of DDVP :j..n calves, horses, and white rats 

were corn,idered by Tracy, Woodcock, and Chodrof'f (J,960). Five horses 

expo::ied oontinuously to the vapors of 0.5 mg. DDVP/cu, ft. in a closed 

barµ for 2:Z days displayed mild cbqli.nesterase ( ChE) depression after 

7 days. They recovered to normal ChE concentration at 11 day$. The 

plasrna wa,s within normal limits of ChE activity throughout the test 

period.· The concentration of DDVP in the air varied between Oo24 and 

1.48 ){g, or l.L, to 8,Li-% of the daily DDVP dose. They also demonstrated 

that two cows with suckling calves showed normal ChE levels vhile 

ingesting 200 p,p.m. DDVP daily. Severe depression occured at 500 

p.p.m. DDVP. A single dose o:( 27 mg,/kg. caused choJ,.inergic colla.pse 

with out recovery~ The Cli.E levels in the calves remained norrnal through

out th~ 78-,.da.y test~ Fernale rats nursing litters were repeatedly 

into4ioated by ora.l administration of 30 mg./kg, 'rhe litters of these 



rats exhibited normal ChE levels and normal weight-growth curves. 

Fresh liver macerates from diffE;rent animals detoxified DDVP at a rate 

of about 500 }-I g. DDVP/ g. liver. Tracy, Woodcock, and Chodroff con

cluded that DDVP is completely d$toxified in the animal body and does 

J,1ot accwnulate nor store in an.irnc1,l tissues. They suggest that the 

haza:rd of DDVP is related directly to the weight of acute intake. 

11+ 



MATERIALS AND METHODS 

'.J;'EST INSECTS .-~House flies, ~~ca domestica 1. ~ wer·e collected 

f:roni the ,Experimental Beef Barn of Oklahoma State University in Octobe:r 

of J.j61, A culture was maintained at the Insectary of Oklahoma State 

iJnivers;i;\:,y for use in laboratory tests. Chem,ica+ Specialities Manu ... 

facturer's As1:1ociation. (CSMA) reaping medium (Halston Purina Company) 

was used. Adult flies to be used in laboratqry tests were maintained 

. <;m eql'\al parts of granl.lla ted su~ar and powdered ctri(;:)d milk s olicts. 

Naturi'J-1 p9pu,lat:i,ons of house fliefil at the Experimental Beef Barn 

were used i:P. field \Gsting. 

TES'r LOCAT;I:ONS,,....-Laboratory tests were conducted in a basement 

:room of the Entomologr Field Laboratory of Ok;lc\,homa State University. 

':rhe test room was z2.5 x 10,5 x 8,5 feet. The doorway of the test 

room was qqvered with a ca.nva;;, flap which allowed the experimenter to 

go to and from the room without losing large numbers of flies, An 

exhaust fan.(700 cu. n./min. rating) was centrially located near the 

ceiling of ~he room to providEl air movement. _This prevented fumigation 

of ;flieij l;)y b.$.:i,ts being t(;lsted. 

Fielq. experiments we:i;,e Qonducted at the ]Dcperimental Beef Barn. 

Ten p(3ns, each 40 x 27 feet, made up the greater area of the barn. 

ThE;lse: per+::5 were oqcupied by J:?eef an:imals d1,lring test, pElr:1,ods. A walk

way, 8 x 270 feet, was located adjacent to the pens, The exper:L'llents 

were conducted on this walkway. 

15 
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lEST EQUlPMENT.--White, plasticized, picnic plates, 10.5 inches 

in diameter with 0,75-inch lips, were ~sed in both laboratory and field 

tests. The lips of these plates were;i th01,1ght to be verry effecient :i,n 

r~taining flies which fed on the baits distributed in them, The plates 

were plaoed approximately 1.5 feet apart and were used only once. In 

field tests, these plates were weighted with 1-inch iron washers which 

~~re taped to their unqersides. 

Two different sizes of measure:rs were employed to transfer unifoMn 

po~tions of bait from storage jars to the test plates. One-fourth 

tea$poon measurers were ~sed in field testing. Approximately 1,6 g. 

wa.s used per p+a,te. Much smaller measurers were constructed from soda 

straws (4 I!l(Il. in diameter) and fla,t wooden toothpicks fop use in 

laboratory tests. Approxizyiately 0.03 g. was used per plate. 

BAIT :PREPARATION .... ..,.several se:rie(3 of baits were formulated during 

the testing prograrn, A technical ~rade of i~sectiqide was ~sect. It 

w~s 100% insecticidally active and contained at le~st 93% DDVP. Because 

. of the unstable characteris~ics of DDVP, twq different materials were 

used in various baits to stabilize the insecticide. These were Beta

naphtho+ and Bisphenol A (4,4l.,.,J;sopropylidened::i,phenol). Since granu ... 

;l.,a.ted, sugc;l.;r 1:)ecomE;is sticky -upon exposure, two materials were evaluated 

as bait conditioners. These were Santocel C and Dicilite (expanded 

perlite powder). 

?h~ general mixing procedure for all baits except those prepared 

by Snell Chemical Company was as follows: (1) samples (0.5 ppund) of 

a sand and sugar base with premixed. staoiliz13:rs were placed in ],-pint 

fm:dt jars,, (2) 2 ml. of reagent grade chloroform with the appropriate 



17 

aliquot of DDVP were mixed :j..nto the base materials with a glass stirring 

rod, (.3) the jars were hand :rotated until the ingredients had been 

throughly mixed, (4) 18 tq ~ hours later the conditioners were added 

to the appropriate jars, (5) 'qaits were exposed for approximately 30 

min;ute$., and (6) the jars were hand rotated to provide 'l:ihrough mixing 

o! the ingredients. 

T~$T PaOCEDUfiliS."~Baits for both field and laboratory experiments 

we:re di.~tr:i,.buted on pJ,.ates in the Entomology Field Laboratory. The 

pos:ltiona of tpe plates irJ. the test area were determined at random. 

the plates were stacked in accordance with their respective positions 

and transferred to the test area in this fashion, These preliminary 

procedures enhanced the rapidity of plate distribution in field tests. 

This shoul,d have reduced the experimental error. This factor was no 

problem in laboratqry experiments. Plates were placed in their proper 

:),,oca:l;.icms before labori:3,to;ry cultur1;3s of flies were released, 

l-1.EASUREMENTS .... ,..,The metnod of,' measurement -used :l,..n field experi

mentation was that of determining the voll,lIIle of dead flies in each 

plate, This was cjo;p,e because the numbers of flier;3 were often too 

numerous for visual counting. Severai pieces of equipment were em

ploy~d to accomplish this task. Tnese were 100 ml, graduated cylinders, 

lO~~nch (diameter) funnels, and 1,5-inch (width) p~int brushes for 

manipulation of dead flies. These measurements were taken approxi

mately 5 hours after application in all field tests. 

The ropulations of flies used in the laboratory experiments were 

such that the numbers of dead flies per plate could be accurately 

counted. A mechanical hand counter was used for this purpose. Fpur

hou.r counts were maq.e i:P. laboratory experimentation. 
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S'I'ATISTICAL PROCBDURES.--All of the experiments were designed as 

randqmiz~d complete.bloc~~- .The essence of this design is that the 

exp~rilnent~l material is divided into groupsl each of which constitutes 

a sing:J.e trial or replication·. At all stages of the exper;i.ments., the 

object wa~ to keep the experimental errors within each group as small 

as practicable. Treatment positions were assigned within each group 

at rand.om, A separ<9,.te randomization was made fc;ir each replication. 

Most of the study involved the use of factorial experiments. 

With this type of arr0ngement, the effects of a number of different 

factors were investigated simultaneot1.sly. The treatments consisted 

of all combir1p.t;i.ons that could be fqrmed from the types or levels of 

~ach tactor. The objectives of the factorial experiments were as 

~ollows: (1) to determine the effect~ of each of a number of factors 

over a s~ecified range, (2) to investigate the interactions among the 

. effects of several factors, and (3) to lead to recommendations that 

oo~ld ap~+Y ov~r a wide range o! conditions. 

'rl;le data were first :recorded in bound field notebookso They were 

next transferreq to standard note paper and alL measurements in ml. 

wer~ transformed to fly numbers~ This was done by multiplying ml. by 

fl~e~/ml. Ten samples of 5, 10, and 20 ml. of flies were counted to 

determine flie~/ml. The average number of flies/ml. was 10.45 for 1962 

and 13.7 fqr 1961. The data were then pun9hed on International Business 

f.a.c::hipe (IBM) card to facilitate analyses on a high speed computer 

( IBM model 650). 

PRELIMINARY EXPERIMSNTS WITH DDVP AND DIBROM BAITSo-,-Tests were 

made with many promising candidate insec~icides for use in dry sugar 



fly baits during the summer of 1960 at the Oklahoma Experiment ,Sta

tion (Howell, 1961). He reported that two organic phosphate insec

ticides consistently gave the highest and most rapid kills, These 

were DDVP and Dibrom. 

A large series of treatments (21) were field tested during the 

swnmers of 1961 and 1962 in order to gain further information on the 

performanc~ of these two insecticides and other bait constituents. 

These baits were p~epared by Shell Chemical Company and shipped to 

Oklahoma State University during Ju.ne of 1961. The treatments are 

giv~n in table 1. The 1961 experiment was conducted 17 days over a 

60~day period. fo~r replications were made per day. The same baits 

were tested on 4 days over an 82~day period during the summer of 1962. 

ln t,he 1962 test, three replications were made per day. 

19 

J X 3 X 5 FACTORIAL.--This experiment was designed to study the 

effects of three factors under field conditions. The factors were 

:i,.nseet:i,G:i,.de stabilizer, bait conditioner, and DDVP insecticide. The 

stabilizers were 0 • .33% Betana:µhthol, 0.5% Bisphenol A, and, no-stabi,

lizer,, The conditioners wE)re 0.5% Santocel C, 1% Dicilite, and no-con

ditioner. The concentrations of DDVP were 1, 0.1, 0.01, 0,001, and 

0%. The treatments all contained from 67.5 to ?Ofo Ottawa sand and 

30% granulated sugar. A 3 x'3 x 5 factorial arrangement of treatments 

wa$ used. Tl;le test was conducted on 12 days throughout an 80-day 

period. Two replications were made per day. 

3 X 4 FACTORIAL,--A wide range of DDVP concentrat~ons and stabi

liz~rs were considered in this field experiment. Stabilizers were 

0.33% Betanaphthol, 0.5% Bisphenol A, and no-stabilizer. Concentrations 
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Table l,--Bait formulations(% by wt.) for preliminary experiments 
with DDVP and Dibrom, 1961 and 1962. 

Bait Ottawa Gram.i.lated Polyvinyl- Beta-
No. DDVP Sand Sugar Dicilite chloride naph. Phenol Dibrom 

,;'\ 

1 0.50 69.25 30.-0 0.25 

2 0 • .50 68.25 30.0 1.0 0.25 

3 0.50 68.50 30.0 1.0 

4 0.10 66.90 30.0 2.0 1.0 

5 0.25 66.75 30.0 2.0 1.0 

6 O.l.O 69.90 30.0 

7 0,05 67.70 30.0 2.0 0.25 

8 0,51 66.49 30.0 2.0 1.0 

9 0.05 66.95 30.0 2.0 1.0 

10· 0.50 69.50 30.0 ... 

11 0.10 67,65 30.0 2.0 0,25 

l2 0.25 67,50 30,0 2.0 0.25 

13 0.05 69.95 30.0 

14 0,25 69.75 30.0 .,. ..,. 

15 66.50 30.0 2.0 1.0 0.50 

16 0.50 67.25 30.0 2.0 0.25 

17 67.50 30.0 2.0 0.50 

18 .., 66.75 30.0 2.0 0,25 0.50 

19 0,50 99.5 

20 ... 100.0 .,. 
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of DDVP were 10, 1, 0.1, and 0%. All of the treatments contained from 

59 to 69.5% Ottawa sand, 30% granulated sugar, and 00 5% Santocel C, 

~ 3 x 4 factorial arrangem~nt of treatments was considered. The test 

W{ls conducted on three cop.secl.).tive da.ys. Five replications were made 

per day, 
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2 X 10 FACTORIAL .... -This experiment was designed to detect possible 

oifferences within a rather narrow range of DDVP concentrations and 

t4e ~ffects of two stabilizers. Stabilizers were 0.33% Betanaphthol 

and no-stabilizer. Concentrations of DDVP were 2, 1.8, 1.6, 1.4, 1.2, 

1, 0.8, 0~6, 0.4, and 0.4%. All of the treatments contained from 67.17 

to 69.3% Ottawa sand, JO% granulated sugar, ·and 0.5% Santocel C. The 

tre~tments oon~isted of a 2 x 10 factorial arrangement. This field 

test was conducted on 3 consecutive days. Three replications were 

:niade per day. 

COLORED BAITS.--It has been suggested by various workers (Freeborn 

and Berry, 1935; Harsham, 1946; Waterhouse, 194$; and Howell, 1961) that 

cqlor is an import,ant factor in the attraction of house flies to treated 

sur.fac~s or baits. Therefore, field experiments were conducted to 

§tudy the effect of color in sugar baits. Nine colors were compared. 

These were white, red, green, orange, yellow, blue, violet, brown, and 

black. Nine of the baits contained 99% granulated sugar, 0.5% DDVP, 

and O. 5% powdered chalk.. A check bait contained 99. 5% granulated 

sugar and 0.5% DDVP. Two tests were conducted on consecutive da.yse 

Seven replicat~ons were made in each testo The first test was made 

with 9-inch, white pa.per plateso The second test was made with 9-inch; 

wpite paper plates with 605-inch (diameter) circles of black construc

tion paper glued in the center. 
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BLACK AND WHITE CONTRAST .--·An experiment was designed to study 

black and white color contrast of three factors. The factors were 

background, paper plate, and sugar bait. The experimental ciesign was 

a split-p~ot with a 2 x 2 factorial a,rrangement of sub-plot treatments. 

The rnain plot treatments WE)re black and white backgrounds. Background 

was provided by 3 x 5 feet sections of crepe paper. The sub-plot 

treatments consisted of a factorial arrangement of black and white 

par:ier plates and black and white sugar baits. The plates were colored 

by aerosol bomb application of enamel paint. The baits contained 99% 

granulated sugar, 0. 5% DDVP, and O. 5% povirdered chalk. This experiment 

was conducted in the laboratory test room on 2 consecutive days with 

seven replications per day. 

SHELF LIFE.--The effectiveness of 1% DDVP baits used periodically 

throughout the fly season and newly mixed baits was studied in the 

laboratory to determine shelf life over this period. The stored baits 

were used in {3. previo1..1.s test (3 x 3 x 5 factorial) and were formulated 

Jun.e 25, 1962. The fresh baits were prepared October 16 .') 1962. 

Therefore, the stared baits were 113 days older than the freshly pre

pared baits. The experiment was a 3 x 2 factoriaL The factors were 

conditioner and length of storage. The three conditioners v.rere 0.5% 

Santoc~l C, l;!b Dicilite, and no-conditioner. Lengths of storage were 

113 to 116 and Oto 3 days. All the baits contained from 67.67 to 

68.67Jl Ottawa sand, 307b g:ranulated s1..1.gar, l;l DDVP, and 0.33% Beta

µ,;3.phthoi. The test was conducted on L, consecutive days with six 

replications per day. 



BAIT EX.fOSURE.--A study was designed to collect information on 

the effectiveness of DDVP sugar bait with regard to exposure time. 

Three t~blespoon measures of bait were exposed in the 10.5-inch paper 

plates. The baits were used in the 2 x 10 factorial previously de

scvibed. These exposed portions were used at various intervals (4, 5, 

12, and 13 days) to make up! of the treatments in the test. The 

o~her ! of the treatments were baits taken from the same mixtures 

which were used in the 2 x 10 factorial. These baits were designated 

as f~esh baits. A 2 x 2 x 5 factorial arrangement of treatments was 

considered. The factors were stabilizer, exposure time, and DDVP 

concentration. The stabilizers were 0.33% Betanaphthol and no-stabi

liz~r. The exposure times were considered as O for fresh baits and 

4, 5, 12, or 13 days for exposed baits~ The concentrations of DDVP 

we.re 2, 1.6, 1.2, 0.8, and 0.4%. Four field tests were made at the 

day intervals indicated above. Three replications were made per day. 
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RESULTS 

PRELil-UNARY ;EXPERIMENTS WITH DDVP AND DIBROMo=-House fly, Musca 

o.omestica L.~ mean kills for the various bait treatments considered 

in l96l an~ 1962 are given in order of decreasing effectiveness in 

table 2 of appendix A. The treatment numbers in this table correspond 

to the formulations given in table 1 of the materials and methods 

sectic;m. The analyses of variance for the 1961 and 1962 experiments 

are presented in tables 13 and 14, respectively, of appendix B. The 

F values for baits in both experiments are significant at the 1% level 

of probability; however, the 1961 experiment includes much more repli

cation than the one for 1962. A valid comparison of the efficiencies 

of these experiments can be made with the coeffecients of variation. 

The coeffecients of variation for 1961 and 1962 were 113.8 and 38.2%, 

respectively. This marked increase in efficiency in 1962 indicates 

that considerable progress was made in test procedures and design. 

The effect of DDVP concentration in various baits of the 1961 

e~periment is illustrated in figure 1 of appendix C. A linear response 

was noted by the corresponding increases in mean fly kill with each 

increase in DDVP concentration. 

figure 2 demonstrates the interaction between stabilizers and 

DDVP concentrations with polyvinylchloride baits. With 0.5% DDVP, 

0.25% phenol was the better stabilizer. However, 1% Betanaphthol gave 

higqer kills at DDVP concentrations of 0.1 and 0.05%. 
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The effect of time with regard to several 0.5% DDVP baits in the 

1961 experiment is considered in figure 3. Each 2-week point for each 

bait is the mean of 16 replications except point 4. Twenty repli

cations are considered at this point. Percent of the 2-week mean was 

computed by dividing the bait means by the grand mean for each 2-

week period and multiplying by 100. The upward trend of the Dicilite 

and phenol combination was noted. The opposite of this was indicated 

for polyvinylchloride baits. A slight upward trend was noted for bait 

no. 10 (no-additives); how~ver, it was markedly lower than the other 

0.5% baits for the first three 2-week periods. 
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The performance of the three Dibrom baits during the 1961 experi

ment is given in figure 4. The percentages given here were computed 

in the manner of the preceeding figure. Little difference was noted 

between the Betanaphthol and phenol baits over the four 2-week periods. 

The line for bait no. 17 (no-additives) was similar to the line for 

DDVP bait no. 10 in figure 3. This suggested that the response for 

the two insecticides was about the same when no stabilizers or condi

tioners were present. 

3 X 3 X 5 FACTORIAL.=-Table 3 gives the stabilizers x conditioners 

x poncentrations means for the 3 x 3 x 5 factorial. The analysis of 

variapce is presented in.table 15. F values for the main effects (sta

bilizers, conditioners, and concentrations) were significant at the 

1% level. Also, a majority of the interaction F values were signifi

cant at either the l or 5% level of probability. The coeffecient of 

variation for this experiment was 39%. This was very close to 38.2% for 

the prelirninary test with DDVP and Dibrom in 1962. 



The effect of DDVP concentration in the 3 x 3 x 5 factorial is 

illustrated in figure 5. This effect was somewhat similar to that in 

figure 1 for the preliminary experiment with DDVP and Dibrom, 1961. 

Little difference was seen in the mean fly kill for 1 and 0.1% baits. 

These were decidedly superior in performance as compared to the lower 

concentrations. 
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The performance of the various DDVP concentrations over the four 

3-week periods of the test are given in figure 6. Some interaction was 

present as would be expected by the highly significant F value of 3.18 

for days x concentrations in the analysis of variance (table 15). It 

was noted that the 1 and O.l;t concentration lines indicated an upward 

trend in their performance. A do11mward trend was suggested by the 

lower concentration lines. 

The effect of the various stabilizers over the four 3-week periods 

is illustrated in figure 7. The main effect mean for no-stabilizer 

(134) was just slightly higher than for Betanaphthol (133.36). H01,v

ever, the lines for these t·wo factors indicated an interaction with 

time. Also, the highly significant F value of 5.61 (table 15) for 

days x stabilizers indicated an interaction effect. The Betanaphthol 

formulations were lower for the first two 3-week periods and higher 

for the last two as compared to no,-stabilizer. The Bispbenol A sta

bilizer consistently gave the lowest performance throughout the test 

period. 

Stabilizers x conditioners is considered in figure 8. Very 

little interaction between these factors was present as suggested by 

the small F value of 1.45 (table 15) for this effect. 



Stabilizers x concentrations interaction was indicated by the 

highly significant F value of 5.08 in table 15. This was further 

considered in figure 9. It was noted that Betanaphthol and no-sta

bilizer showed interaction between the Land 0.1% DDVP concentrations. 

Betanaphthol gave better results at 1% and no-stabilizer at 0.1%. 
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The rnain effect mean fly kills for the various conditioners were 

computed from the appropriate means in table 3. These were 125.97, 

106.25, and 87.24 for Santocel c, Dicilite, and no-conditioner, respec

tively. 

3 X 4 FACTORIAL.--The analysis of variance for this experiment is 

presented in table 16. The F values for the main effects of stabiliz

ers and concentrations were both significant at the 1% level of proba

bility. Stabilizers x concentrations was significant at the 5% level. 

The means for this experiment are presented in table 4. The no

stabilizer mean was higher than the Betanaphthol mean which was better 

than Bisphenol A. The effect of DDVP concentration is illustrated in 

figure 10. The 10% concentration was decidedly lower in mean fly kill 

than the others. The fact that it was lower than 0% suggested that 10% 

was unattractive to house flies. Also, the mean of 179.07 for (Jf'o DDVP 

was m~ch higher in relation to the grand mean than for (Jf'o in other 

experiments in this report. 

2 X 10 FACTORIAL.--The analysis of variance for this experiment 

is given in table 17. The F value of 15.74 for stabilizers was highly 

significant. In table 5, the mean for no-stabilizer over all DDVP 

concentrations was 341.98 as compared to 239.56 for Betanaphthol. The 

concentration means in table 5 showed only small differences, and 
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certaiIL1ry no general trend was detected. The F values of 1.06 for con

centrations and 1.82 for stabilizers x concentrations were not signifi

cant at the 5% level. 

COLORED BAITS.--The means for the various colored baits on both 

white and black paper plates are given in table 6. The analyses of 

variance for these experiments can be found in tables 18 and 19, re

spectively. Only small differences were noted in the means for colored 

baits on either white or black plates. The F value of 1.81 for colored 

baits on black plates was much higher than 0.58 for white plates. 

Neither of these was significant at the 5% level, however. 

BLACK AND WHITE CONTRAST.--The analysis of variance for the black 

and white contrast study is in table 20. The backgrounds x plates x 

baits means are presented in table 7. The main effect means for back

grounds 9an also be noted in this table. The main effect means for 

plates and baits can be computed from the appropriate means in table 7. 

The F values in the analysis of variance table for backgrounds and 

baits were significant at the 1 and 5% levels of probability, respec

tively. This value was not significant at the 5% level for plates. 

Plates x baits was considered in figure 11. Black bait was supe

rior to white bait for both black and white plates, but the lines came 

much closer together for black plates than white. The plates x baits 

interaction F value was not significant at the 5% level. 

!he mean fly kill lines for backgrounds x baits were plotted in 

figure 12. Black bait gave higher kills for both white and black 

plates. 

factors. 

Very littlej if any, interaction was indicated for these two 

The small F value of 0.66 from table 20 did not suggest any 

interaction in this case. 



Figure 13 illustrates the mean response of backgrounds x plates. 

The lines were much closer together here than in the other two illus

trations for this experiment. Less interaction was detected for these 

factors than for the other two combinations. Black colored plates 

yielded the highest kills for both white and black backgrounds. 
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SHELF LIFE.-=The analysis of variance for the shelf life study is 

presented in table 21~ The only significant F value in the analysis 

was for d~ys x conditioners. This interaction is illustrated in figure 

14. Dicilite baits went from high to low in performance. No-condi

tioner baits were just the opposite. The response to Santocel C 

for:tnulations was most consistent for all 4 days. 

The main eff~ct means for stored and fresh bait were computed 

;t;rom the appropriate means in table 8. These were 19.96 and 28.93 for 

stored and fresh baits, respectively. The days x conditioners x stor

ages means can be found in table 8. 

BAIT EXPOSURE.-·-Stabilizers x concentrations x exposures means for 

expe~iments 1, 23 3.11 and 4 of this study are given in tables 9, 10, 11, 

and 12, respectively. Marked differences occurred between exposed and 

fresh baits except in experiment 3 (12th day of exposure) .. The stabi

lizers x exposures means can be computed from the appropriate means 

from the tables previously mentioned. It was interesting to note that 

B,etanaphthol gave better results than no-stabilizer for exposed baits 

in each experiment except no. 3. Some DDVP concentration differences 

were oetected in experiments 2 and 4. The analyses of variance for 

these experiments are presented ·in tables 22, 23, 24, and 25, respec

tively. 



DISCUSSION 

The results in the foregoing section have been presented with 

resp~ct to the individual experiments or types of experiments 0 This 

eeotion of the report is intended to integrate the effects of the 

factors from all experiments in the study. Also, hypotheses are given 

to help explain the re·sults of the experimentation. 

CONCENTRATION OF INSECTICIDE.--The effect of DDVP concentration 

up to 1% in fly baits approached linearity in the various experiments. 

Baits at 10% in the 3 x 4 factorial did not follow this pattern, how

ever. These baits indicated that DDVP was repellent and/or deterrent 

(Dethier, Browne, and Smith, 1960) in its action and/or destroys the 

feeding qualities of granulated sugar. Baits at 10% seemed to have 

an effect with regard to other treatments in this experiment., The mean 

fJ,.y kills for 0% DDVP were unusually high in comparison with other 

· experiments in this study. Severa],. hypotheses could be used to explain 

this effect., Perhaps house flies transferred very minute portions of 

the 10% baits to plates containing 0% DDVP., This would kill flies 

feeding in these plates. Support is added to this hypothesis by the 

demonstration of transfer of bait material from container to container 

by house flies (Smith 9 1962). Another explanation would be that 0% 

ba:i-ts would elicit a greater feeding stimulus for flies receiving lethal 

doses from 10% baits. 

30 



No differences could be detected among a rather narrow range 

of concentrations in the 2 x 10 fa.ctorial. The lowest concentration 

of o. 2% seemed to be fairly close to the minimmn required for maximum 

performance over a 3-day period. The highest concentration of 2% 
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was not similar to 10% ( 3 x l+ factorial) in its action. If differences 

existed among these concentrations, they were not large enough to be 

detected by the precil:'lion demonstrated in this experiment. 

STABILIZEHBo-·-Preliminary experiments with DDVP and Dibrom sug

gested that insecticide stabilizers were of definite value as additives 

to house fly ba,its. Phenol at 0.25% was superior to 1% Betanaphthol 

for high concentrations of DDVP. The reverse of this was true for low 

DDVP concentrations. This concentra.tion of phenol may have been adequate 

for high DDVP concentrations but not for low concentrations. The higher 

concentration of Betanaphthol may have altered sligl";tly thG: attractant 

and/or feeding stimulant qualities of the sugar baits. 

Bisphenol A was much inferior to Betana.phthol and no--stabi.lizer 

in experiments which compared the three. The results from these experi

ments strongly suggested that this concentrati.on of Bisphenol A was 

repellent and/or deterrent in various fly bait formulations. The in

teraction for no~-stabilizer and Betanaphthol between 1 and 0.1% DDVP 

concentrations is very difficult to explaino It is possible that 0.33% 

Betanaphthol acted somewhat as a deterrent. This would yield lower 

kills for low concentrations of DDVP. Less feeding would be necessary 

for 1% DDVP which would tend to offset the effect of BetanaphthoL 

CONDITIONEHs .... -All of the experiments indicated that bait con

ditioners were of definite value in house fly bait formulations. In 



preliminary experiments, 1% Dicilite was superior to 2% polyvinyl

chloride. Other experiments showed that 0.5% Santocel C was higher in 

mean fly kill than 1% Dicilite. 

The effect of conditioners over a 4~day period presented and 

interesting and somewhat puzzling picture. It is possible that this 

interaction may be explained by moisture content of the baits. No

conditioner baits niay have increased in moisture content as the ex~ 

per:i,.m.ent progressed which could have increased the attractiveness of 

these formulations. Added moisture did enhance the attractiveness of 

baits in experimentation by other workers (Smith, 1962). 

COLOR.--Field experiments with baits colored with 0.5% powdered 

chalk did not demonstrate any statistical significant differences 

among them. A laboratory experiment indicated significant differences 

between black and white baits and backgrounds, however. A factor that 

should be mentioned is that the laboratory test room was lighted with 

fluroscent tubes. Natural lighting was present in field experiments. 

The results of the laboratory study suggested a relationship between 

color effect and house fly preference. 

SHELF LlFE.--DDVP baits at 1% stored in 1-pint fruit jars and 

used every 3 weeks over a 113-day period were compared to fresh baits 

of the sam.e formulation and found to be only 69% as effective. It 
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is difficult to explain why the Santocel C stored formulation was 

superior in perfor)llance to its fresh counterpart for the whole experi

ment. The means in table 8 of appendU\ A showed that Santocel C 

stored baits were markedly superior for only the first 2 days of the 

experiment. Fresh baits were considerably better for the last 2 days. 



33 

A s;i.milar pattern was noted for Dicilite but in a reduced degree. 

Perh&P~ the perfor:niance of these baits depended more on moisture con

tent or ther physical factors than quantity of DDVP in the formulations. 

BAIT EXPOSUllE.--Marked differences occurred between exposed and 

.fresh baits in three of four experiments. No difference could be 

demonstrated on the 12th day of exposure. The means in table 11 of 

this experiment suggested that Betanaphthol exposed baits performed 

much better than no,.,stabilizer baits. This difference was not noted 

in the other experiments of this study. The combined results of the 

exposure experiments indicated that exposed baits were 66.5% as effec

tive as fresh baits. In general, the addition of Betanaphthol did 

not increase the performance of exposed baits by any marked degree. 

EXPERIMENTAL DESIGN.-c·The advantages of the randomized complete

block design were realized in the various experiments in this report. 

The balance and unlimited replication features of this design simpli

fied experimental procedures and data analyses to a great extent. 

The factorial arrangements of treatments were particularly use ... 

ful. The factors were not independent in most cases. Because of this, 

a portion of the information presented could not have been accumulated 

with the single-factor approach. This information was the interactions 

of the types and levels of the factors considered. 



SUMMARY AND CONCLUSIONS 

Thirteen experiments were conducted to determine the sensory 

perception of various bait factors by the house,~ domestica L. 

Laboratory and field tests were conducted at the Entomology Field 

Laboratory and the Experimental Beef Barn, respectively, of Oklahoma 

State University. All of. the experiments were designed as randomized 

complete~blocks. Most of these included the use of a factorial 

arrangement of treatments. The data were punched on International 

Business Machine (IBM) cards to facilitate analyses on a high speed 

computer (IBM model 650)0 

Preliminary experiments with DDVP and Dibrom during the summers 

of 1961 and 1962 indicated that a majority of baits ranging in con

centration from 0.05 to 0.5% remained effective for at least 15 months. 

Several of these baits yielded a. linear response with regard to fly 

kill and DDVP concentration. Various baits also showed that 0,25% 

phenol was superior to 1% Betanaphthol as an insecticide stabilizer 

at DDVP concentrations of 0.5 and 0.25%, but the reverse was true at 

concentrations of 00 1 and 0.05%. A bait containing 0.25% phenol as 

the stabilizer and 1% Dicilite as the bait conditioner increased in 

its performance during the summer of 1961 as compared to other 0.5% 

DDVP bait formulations. The effectiveness of two 0.5% Dibrom baits 

was enhanced by the addition of stabilizers and polyvinylchloride 

conqitioner. 
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The coeffecients of variation for the same series of treatments 

for summers of 1961 and 1962 were 113.8 and 38.2%, respectively. 

These values showed that an increase was made in test efficiency for 

the iatter summer. 
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An extensive experiment involving three stabilizers, three con

ditioners, and five concentrations of DDVP was conducted over an 80-day 

period. The mean fly kills for DDVP concentrations ranging from Oto 

1% indicated linearity. DDVP formulations at 1% gave only slightly 

higher kills than those at 0.1%o A concentrations x time study re

vealed that 1 and 0.1% baits progressed in performance over the test 

period as contrasted to degression by lower concentrations. 

A 0.5% Bisphenol A stabilizer was much lower in mean fly kill than 

0.33% Betanaphthol and no-stabilizer. The latter two were similar in 

mean fly kills. However, the stabilizers x time investigation revealed 

an upward trend in the performance of Betanaphthol baits in contrast 

to a downward trend by no-stabilizer. 

Baits containing Oo5% Santocel C were superior to those with 1% 

Dicilite which were better than no-conditioner formulations. 

A repellency effect of high concentrations of DDVP was noted when 

10% baits were found to be markedly inferior in performance to concen

trations of 1, 0.1, and CJ/o. 

No substantial differences were detected in a series of baits 

ranging in concentration from 0.2 to 2% DDVP. 

No differences could be demonstrated among 10 colored baits in 

field experiments. These baits were evaluated on both black and white 

plates. A laboratory study was made on black and white contrast of 



three factors. These were backgrounds, plates, and baits. Black 

gave the highest mean fly kills for all factors; however, the dif

ference in plates was not significant at the 5% level of probability. 

Some interaction was noted for the plates x baits study, but it was 

not s~gnificant at the 5% level. No interactions were detected for 

either backgrounds x baits or backgrounds x plates. 
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Mean fly kills of 19.96 and 28.93 were yielded by stored and 

fresp baits, respectively, in a shelf life study. A study of the days 

x conditioners interaction sti.ggested that 1% Dicilite formulations 

became progressively less effective over the 4 consecutive days of the 

experiment. No-conditioner baits increased in performance over the 

same period. Santocel C baits were the most consistent ~n performance. 

Fresh baits were more effective than exposed baits in three qf 

four experiments. It was noted that 0.33% Betanaphthol stabilized 

baits gave better results than no-stabilizer for exposed baits in three 

of four tests. 
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APPENDIX A 

Table 2.~-Numbera and rank of treatment means for preliminary 
exper;i.ments with DDVP and Dibrom, 1961 and 1962. 

1961 1962 
No. '.Mean No. }fean 

15 289.96 1 405.75 

1 283.21 3 403.33 

18 262.99 2 391.67 

2 249.04 18 389.42 

16 247.31 8 372.83 

3 217.97 10 371.00 

8 212.49 17 366.83 

19 189.29 16 353.42 

17 175.97 5 352.17 

12 171.07 12 348.58 

5 l68.47 15 337.00 

4 154.32 9 322.17 

10 137.14 4 320.42 

6 136.18 19 317.83 

9 121.60 11 272.08 

:i.4 120.78 14 254.17 

ll 113.88 13 225.42 

13 74.81 6 167,67 

7 47.15 7 87.58 

20 20.76 20 61.67 

. 21 13.85 21 25.92 
Mean 162.30 292.71 

a.Fol;'rnulations given in table 1. 
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Table 3,~~stabilizers ~ conditioners x concentrations means for 
3 x 3 x 5 factorial, 

¢oncentration 

Stabilizer Condi;l;,ioner 1% 0.1% 0,01% 0.001% 0% Mean 

Santocel C 2~4.1 195.l 106.2 104.6 86.8 155.4 
Beta ... Dioilite 302.5 218.6 100.5 14.3 J,0,7 129.3 naphthoJ,. 

No-cond. 229.3 219,5 95.8 16.l 16.3 115.4 

Sa.nt,ocel C - 134.6 86,6 36.2 13.6 3,7 54,9 
Bis- Picilite· 140.0 54.6 43.0 7.8 13.9 5J..9 phenol A 

Wo-cond. 83.9 97.4 33.7 18.8 8.3 48.4 

Sa.ri.toceJ, C ;J.98.0 267.5 251.4 41.7 79.5 167,6 
No- · Dicilite 177.9 234.3 54.9 J.72.5 42.7 136.5 stab;i.l;i.~er 

. No.,..cond • 135.7 231.8 66,4 24.8 30,7 97.'9 
. . 
Mean- 187.4 178.4 87.6 46.0 32.5 -- 106.4 

Table 4.--Stabilizers x concentrations means for 3 x 4 factorial. 

Concentration 

Stabilizer 10% 1% 0.1% 0% Mean 

B~tanaphthol 45.53 . 160.87 252.93 2).3.13 168.12 

Bispbenol A 71.00 192.40 172.73 102.60 134.68 

-No-stabilizer 66.87 287.00 259.07 221,47 208.60 

Mean 61.13 213.42 228.24 179.07 170,47 



44 

Tab:\.e 5. -· .. Stabilizers x concentrations means for 2 x 10 factorial. 

Stabilizer 

Concentration(%) Betanaphthol No-stabilizer Mean 

2.0 370.44 298.33 334.39 
1.8 216.00 304.11 260.06 
1.6 203.11 371.56 287.33 
1.L~ 218.33 351.89 285.11 
1.2 159.00 484.11 321.56 
1.0 211.33 376.33 293.83 
0.8 185.78 283.44 234.61 
o.6 213.67 282.33 2L1.8. 00 
0.4 230.00 311.11 270.56 
0.2 387.89 356.56 372.22 

Mean 239.56 341.98 290.77 

Table 6. ,,.,-Ranked means for colored baits on white and black plates~ 

White Plates Black Plates ,..... ' 

Color Mean Color Mean 

RE,id 429.86 Check (white)a 591.29 
B;Lack 428.43 Violet 540.57 
Orange 403.14 Brown 516.57 
Violet 401.57 Blue 476.29 
BJ,u€J 398.57 Yellow 465.71 
Green 395.57 Black 46~ .• 29 
Yell0w 394.14 White 455.43 
Brown 368.86 Green 4L~9 .29 
Whi~e 349.43 Orange 447.71 
Check (white)a 309 .lL1. Red 409.14 _,,,.. __ 
Mean 387.87 Mean 481. 63 

a No powdered chalk added. 
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Tabl~ 7,--Backgrounds x plates x baits means for black and white 
contrast etudy. · 

Background. 
Plate Bait White Black Mean 

Wtiite 3.86 15.43 · 9.64 
White 

B;Lack 30.00 75,57 52.79 

White 22.36 42.57 32.46 
Black 

Black 42.00 58.86 50,43 

Mean 24,55 4$.11 36.33 

!able 8.~-Days x conditioners x storages means for shelf life 
study. 

Days 

Conditioner Storage i 2 3 4 Mean 

Stored 42.50 47.67 ;Ll,33 5.83 26.83 
Sa.ntocel c 

Fresh 25.00 25,33 27.50 18.,33 24.04 

Stored 27.17 42.50 8,67 3.50 20.46 
Dic;i.litie 

Fresh 46,17 82.17 25.J,7 7,67 40.29 

Stored 4.67 9.33 7.83 28,50 12.5~ 
No ... conditioner 

Fresh 4.33 31.33 18,83 35.33 22.46 

Me~n . 24,97 39,72 16.56 16.53 24,44 
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~able 9.--stabilizers x concentrations x exposures means ,for 
experiment l of exposure study. 

Concentration Exposure 
Sta.oilizer (%) Exposed Fresh Mean 

2.0 104.67 132.00 118.33 
1,6 1oi.33 209.33 155.33 

Betanaphthol 1.2 73.00 167.00 120.00 
0 .. 8 73.00 303.00 188,00 
0.4 76.67 164.67 120.67 

2.0 111.33 55.67 83.50 
1.6 7,00 101.33 54.17 

No-stabil,izer 1.2 49.00 266.33 157.67 
0.8 38.67 l?l .• 67 105.17 
0.4 108.00 209.00 158.50 

Mean 74.27 178.QO 126.13 

Table 10.--Stabilizers x concentrations x exposures means for 
experim~:pt 2 of exposure study. 

Corn;entra tion Exposure 

Stabilizer (%) Exposed Fresh Mean 

2.0 94.00 90.67 92.33 
1.6 111.33 261.33 186.33 

Betanaphthol 1.2 90.67 237.33 164.00 
0.8 209.33 383.33 296.33 
0.4 383.33 289.33 336.33 

2.0 62.67 111.67 87.17 
l.6 83.33 2l2.33 1L~7 .83 

No-stabilizer 1.2 184.67 345.00 264.83 
0.8 177.67 240.33 209.00 
0.4 160.00 125.67 142.83 

Mean 155.70 229.,70 192.70 
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Taple 11.~-stabilizers x concentrations x exposures means for 
experiment 3 9f exposure study. 

Concentration Exposure 

Stabilizer (%) Ex.posed Fre::sh· Mean 

2.0 146.00 163.67 154.83 
1.6 118.67 167~.3,3 143.00 

Betanaphthol 1.2 163.67 125.67 144.67 
0.8 191.67 118.33 155.00 
0.4 219.33 59,.33 139.33 

2.0 129.00 70,00 99.50 
1.6 170.67 205,67 188.17 

No ... stabilizer 1.2 156.67 J,60~00 158.33 
0.8 128.67 2:31.00 l.82,83 
0.4 73.33 205.67 139.50 

Mean, 149,77 151.27 150.52 

Table J,2.--Stabilizers x concentrations x exposures means for 
experiment 4 of exposure study. 

Concentration Exposure 

Stab:tl:Lz~;r (%) Ex.posed Fresh Mean 

2.0 299.33 202.00 250.67 
1.6 69.33 160.33 114.83 

Betanaphthol 1.2 38.3,3 149.67 94.00 
0.8 149.67 111.67 130.67 
0.4 27.00 55.67 41.33 

2.0 195.00 125.33 ;J.60.17 
1.6 67.67 184.67 126.17 

No-stabilizer 1.2 31.33 216.3,3 123.83 
0.8 17.67 240.33 129.00 
0.4 111.33 188.00 149.67 

Mean 100.67 163.40 132.03 
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APPENDIX B 

Table 13.-·-Analysis of variance for preliminary experiment with 
DDVP and Dibrom, 1961. 

Source d. f. 

Baits 20 

Days x Ba;i.ts 320 

Error 1020 

M.S. 

450,629.60 

37,106.04 

34.,123.18 

F 

13.21 

1.09 

Table ])+.--Analysis of variance for preliminary experiment with 
ODVP and Dibrorn, 1962. 

· Source 

E)a:L tEi 

Days :x: BaJ ts 

Erroll' 

d. f. 

20 

60 

120 

.M.S. 

159,291.50 

52,326.30 

12,501.60 

Table l5.--Analysis of variance for 3 x 3 x 5 factorial 

Source 

Stabiliz~rs 
Days x Sta. 
Conditioners 
Stq.. x Cond. 
Days x Cond. 
Days x Sta. x Cond. 
Concemtrations 
Sta. x Cone. 
CQnd. x Cone. 
Sta. x Copd. x Cone. 
Days x Cone. 
Days x Sta. x Cone. 
Days x Cond. x Cone. 
Days x Sta. x Cond. x Cone. 
Error 

d. f. 

2 
22 
2 
4 

22 
44 
4 
8 
8 

16 
44 
88 
88 

176 
528 

M.S. 

805,800.00 
119,625.40 
135,010.00 
30,980.00 
35,703.60 
18,028.20 

1,144,330.00 
:)..08,315.00 
30,092.60 
45,582.60 
67,798.60 
27,244,40 
15,092.60 
19,848.00 
21,330.46 

12.74 

4.19 

F 

37.78 
5.61 
6.33 
1.45 
1.67 
0.85 

33.65 
5.08 
1.41 
2.14 
3.1$ 
1.28 
0.71 
0.93 
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Table 16.-~Analysis of,variance,f6r 3 x 4 factorial. 

Source d.f. M.s. F 

Stabilizers 2 82,203.50 9.00 

Concentrations 3 258,168.00 25.25 

Sta. x Cone. 6 28,693.l? 3,14 

Error 48 9113$.98 

Table 17.--Analysis of variance for 2 x 10 factorial, 

Source d.f. M.S. F 

Stabilizers 1 472,060.00 15.74 

Concentrations 9 31,746.70 1.06 

Sta. x Cone, 9 54,504.40 1.82 

Error 36 29,986.90 

Table 18,--Analysis of variance for colored baits o~ white plates. 

Source 

Baits 

Error 

d.f. 

9 

54 

M.S. 

9,395.00 

16,097.35 

F 

0.58 

Table 19.-... Ana.lysis ·or variance for colored baits on blacl<: plates 

Baits 

Error 

9 

54 

19,786.11 

10,908.13 
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Table 20.--Analysis of variance for black and white contrast study. 

Source d.f. M.S. F 

Backgrounds 1 15,534.00 31.46 
Error (main plot) 6 374.67 

Plates 1 2,932.00 1.18 
Backgrounds x Plates 1 704.00 0.28 
Baits 1 26,139.00 10.52 
Backgrounds x Baits 1 1,643.00 o.66 
Plates x Baits 1 4,437.00 1.79 
:Sackgrounds x Plates .x Bai.ts 1 2,443.·oo 0.98 
Error (sub-plot) 6 2,485.00 

Table 21,--Analysis of variance for bait shelf life study. 

Source d. f. M.S. F 

Condi-1:iioners 2 2.,018.50 2.31 
Days x Conditioners 6 3,178.33 3.64 
Storages l 2,898.00 3.32 
Day;:; x Storages 3 369.67 0.42 
Conditioners x Storages 2 1,543.00 1.77 
Days x Cond. x Storages 6 867.00 0.99 
Error .30 872.83 

Taole 22.-~~nalysis of variance for experirnent 1 of bait exposure 
study. 

Source 

Stabil;i,zers 
Concentrations 
Sta. x Cone. 
Exposure 
Sta. x Exposure 
Cone, x Exposure 
Sta. x Cone. X Exposure 
Error 

d.f. 

1 
4 
4 
1 
1 
4 
4 
8 

M.S. F 

12,327.00 1.70 
5,560.50 0.77 

12,788.00 1.76 
161,409.00 22.23 

493.00 0.07 
17,052.75 2.35 

5,851.50 0.81 
7,261.75 



Table 23.~-Analysis of variance for experiment 2 of bait exposure 
study. 

Sc;,urce 

Stabilizers 
Concentrations 
Sta. x Cone. 
Expos-qres 
Sta. x Exposures 
Cone. x Exposures 
Sta. x Cone. x Exposures 
Error 

d.f. 

1 
4 
4 
1 
1 
4 
4 
8 

M.S. F 

30,016.00 2.64 
52,561.75 4.63 
35,055.25 3.09 
82,140.00 7.2.3 

7.00 o.oo 
25,713.00 2.26 
3,621.25 0 • .32 

11,354.po 

Table 24.•-Analysis of variance for experiment 3 of bait exposure 
study. 

Source 

Stabilizers 
Concentrations 
Sta. x Cone. 
Exposures 
Sta. x Exposures 
Cone. x Exposu~es 
Sta. x Cone. x Exposures 
Error 

d.f. 

1 
4 
4 
1 
1 
4 
4 
8 

M.S. F 

595.00 0.06 
.3,705.00 0 • .39 
4,398.75 0.47 

34.00 o.oo 
27,094.00 2,88 
2,222.75 0,24 

16,895.50 1.79 
9,1+19.00 

Table 25 0 --Analysis of variance for experiment 4 of ba~t exposure 
study. 

Source 

Stabilizers 
Concentrations 
Sta. x CoI').c. 
Exposures 
Sta. x Exposures 
Cone. x Exposures 
Sta. x Cone. x Exposures 
Error 

d. f. 

1 
4 
4 
1 
1 
4 
4 
8 

M.S. F 

1,972.00 0.48 
22,176.25 5.38 
15,217.50 3.69 
59,032.00 4.31 
28,515.00 6.91 
23,522.50 5.70 
7,331.25 1.78 
4,125.75 
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.·.· . · ···.· DDVP · . · ·· 
Fig. 1 • ...:..Efi'ect or DDVP concentration in baits trom table l (0.5%, s~ 
16-10; 0,25%, 5...;:i.2-14; 0.10%:, 4-ll-6; o~05%, 9-7-13; o.0%, 20) or 

. preliminary experiment w:ith DDVP and D!brom, 1961. 
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Fig. 2.-stabilizers x concentrations .in baits from t.able l (0.5%, .s ... 
16; o.25%., 5-12; o.1%.,·4-11; o.o;~., 9-7) of preliminary experiment 
with DDVP.and Dibrom., 1961. 
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