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rryEoprrcrt].gtr

Slnco the oljeci of hsecticide reseereh is to kilL furseots, the

usi¡a,l crlterioû of iasecticidal effectivenesg is the rnortålity suffêred

by a e:roup of test inseots. goweyer, nortality xepresents the gross

physlological rêsponse of 'the. insects to the lnseetlcidÊ and. is nrerely

the resuLt¿nt ead êffect of 9, eonptex serles of physiologlcal chaîrges o

This preoccupation with rcortality has tended. to divert aütention fron

the posõibility of physiological effects other than death. llhe present

stady is s,n eïpêrinêntal investigation of the sublethal effects of

insêcticides. .More speciflcally the study ls eoncerned wiih whether ox'

not D.D.T" êpplied as a residual_ poison een exert ar¡y physiological

effect which is norBå.lly overlooked becau-se of .the p¡eoccapation wlth

. induc êd ¡roÎtal ity.

ResiduåÌ insecticides are being used increaslngry in insect control
prå,ctlces. In practice, ns.nl' difficultles ale er.con:tterod. in attenpts to
appl.y unåfofln deposits of insecticldal sprays o]¡er an area to be treâted.

For example, part of the areâ to be sprayed ney be inaccessi¡}e or the

treatment may be spotty and. haphazard.. It ts qrr.ite probabl.e then, thât
nåni¡ insects noving orel sueh a treated surface nay not r6c6ive a lethal
dose of the insectieide. 0r egain, it is poss!.b!.e that sone insects $4y

not renain on a heav!.L¡r. treated å,reå for a suffieient length of tlne to
receiTe a lethal dose" .In arly câse strch insects Íust be regardêd aa

hevlng reoeived subrethar dosages of the insecticide. fhe controÌ of
insects in the chemlcal t'eâ.-¡ments rûentioned rs nsualry assessed i.n terns

of irÌortâ]ity, that is; totå,l nunbe r kílled as a direct result of eïposure
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to a lethal dosage. Eowever, mortality data does not take into account

those insects which have received only sublethal dosages. [tre question

aríses as to whether there are any effects less than lethal r¡Ehich can

show that control by the use of insecticides is extenried beyond that , ,1,,

indicated by aetual mortality. For exanple' if it can be shovrn that

ad.ults of the confused. flour beetle exposed to sublethal d.osages of

--^ !L^- 
-^-*-l ^¡.-'ì t- ¡L^- ¡1^^ 

-'. 
.::. :D.D.To lay sÍgnificantly fewer eggs than normal adults, then the control ,,,,,.,,.,,

:-: :,:],'.

of this insect is better than lndicated by the mortality data from lots :

of test insects¡ If a D.Ð.T. resid.ue kills jO;i per cent of the insects ,''."',.,..,,'

exposed i;o it and the sublethal effect is such that the number:: of eggs

deposited by the survivors vras reduced by 50 per cent, then the total

effect 's equivalent to a'15 Bercent reduction Ín populatíon.

0n the other hand, if a test 8;roup of insects' chosen at random, 
:

)

is exposed. to D.D.f. residue so that the more susceptible ones are killed

off, then the survivors are, by this selective killing, a more resistant :

groìrp. This raore resistant group likely consists of hardy, vigorousr ârld

physiologically sound insects¡ Furthernore, if the female survivors of ,, ,i:lj,
'. .;.:-

this group lay eggs at their normal rate of ovipositÍon, it,is like11r :, :t:,,:. . .::.:

that the fecundity for sueh a select group rtould necessarily be higher : =":::

than that for a control group containing both weak and. strong females¡

In a controL group of this kind, the high rate of oviposition of the
...

hardy, healthy females would be masked by the lower fecundity of the ,,',:r,:.rì:i

weaker females. A findÍng such as the one described, where a residual-

insectlcid.e selectively kills off the vreak members of an insect popuì.a-

tion would not speak well for the use of residual insecticídes as a

means of lnsect controlo :,:
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It ls clear that a clemonstration of tbe presence of physlolo-

glcal effeots other than death is inBortant 1n the fleld of Lnsecticfde

research. Such effects may be manifested in a disturbance of the physlo-

logical funotlon of the genitaLla and consequently be reflected ln the

fecundity anci fertility of treated insects. tre posslbiltty of tr¡vo

opposite effects as a result of exposing lnsects to sublethal dosages of

D.D.Oo has been suggested. Íhe resul-ts of these e:cposures would be slg-

niflcant in either case, that ís; where the rate of oviposition is elther

lncreased or tlecreased as a result of exposure. 0n tlre assrrnption that

lnsects treated with subl-ethal dosages of D.D.[. cto exhiblt certaln phy-

slo}ogical effects whieh are deviatlons from the nora, the writer will
propos'e. to lnvestigate these effects a¡rd. dÍscuss their slgniflcance¿

Review of the tlterature.

Âlthough mrch ls laaown about the effects of D.Ðollr on varioug

lnsectsr tlrere are relatlvely few references ln the ltterature on the

subject of the effects of sublethal d.osages of D.D.$9 Most work in the

fielct of fnseeticides is aht€åfÌür concerned with tJre effectiveness of the

insectleide as an lnseet killer¡ f,Ïris effeetlveness would ìe reflected

ln mortality data. Very few suggest the possibitity of sublethal effect¿

Recent reports have appeared ln the literature which f,ndlcate

that inseeticidaL treatment 1n subletbal dosag", ioore", the rate of ovi-
positlon of the survivors (rr) (ra¡. rn ]-g46 plu¡oner and Baker (ll)

camied on a laboratory sttrdy of the effects of sublethal dosages of



taxtar emetie on the Mexican fruit fly, F1åes that ingested oiets eon*

taining tartar emetic lafd sÍgrrifieantly fewer eggs than flfes not given

that rnateria" flhe percentage hatch of eggs was lower but the pereentage

of collapsecì eggs i*as higher v¡hen ta:rtrax emetÍe was inelu-ded- in the diet"

ln L941, fenhet (14) tested the effest of sublethal dosages of pyrethrum

on the ovipositåon of the cígarette beetle. Test ínsects in tobacce

warehouses that vrere exposed to spray d.íd. not lay as many eggs as did. un-

sprayed beetles" Ad.ults were found to be resistaÄt to pyrethrum" I(nock-

do'.¡;:t ,,'¡as rapid but .roarrSr recoveredø SeetLes v,¡hich survived exposure to

pyrethrtr-m-oi1 spray consistently d.eposited fer¡er eggs than untreated

beetles, the differenee ranging trorn zj to 68 per oent* an an s,\rerage

beetles not exposed to spray d,eposíted. more than tr¡¡iee as ïrany eggs as

surviving beetles that had been exposedu Horn¡ sublethal dosages reduced

oviposition is not b1o¡.,.rn, It is h:own that pyrethrum tends to paral¡rze àn

insec'ûes appendages, A pertiaL paralysis often persists indefiniteLyu

even tJrougb the inseet may recover sufficientLy to fty and cravul" lenhet

su-ggests that the failure to deposit egES may have been due to paralysis

or partia} paralysís of the genitalia"

Kennedy Ln 1946 l34t u rworlsÍng on the excåtant and repeli.ent

effects on mosquitoes of su'lilethal eontacts v¡ith DoD.Te mad.e sone inter_
estång findi.ngs; As tar es mosquitoes vrere eoncernede onçe visible sym¡]*

toms developn death follovrsB reeovery frolr an eari.y stage of poiscning

d'oes not occt-¡.re He cbserved that rnosquitoes exposed to sublethal dosa¿es

of D'Ð"rI¿ shor¡,¡ed all the symptorûs lrp to, and includir:g lcrocl.down lolLowinE
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contacto Yet these affected mosquitoes recovered within 24 hours ancl

l1ved. tn appa¡'ent health for a further 48 hours at least¡ îtrus, ln

view of Kennêdyts observatlonsr the appearanoe of aLl the charaeterlstic

Ð.D.ÍDr symptoms short of death is no sure inCllcation that tlle affected

nosquitoes are gotng to d.leo

Kennocly mentions some work done by Crågg (L945) rriho showed

that sheep blow'fLies alightlng on a D.D.[r treatect fleece became so

excited. they could nst oviposit, If they remain on long enough they

obtain a Lethal d.ose. flhe object of applyir¡g D.DcTo is to prevent ovi-

positlon and this objeet is achievetl through the excitatory action of

subLethal d.oses of D.Ð.11. smallnan (12) tn t948 fouad that cotton

sacks treated. with Ð.Ð.T" offerect a high degree of protectlon for the

enclosed flour against spicler beetles. Ð.D.i[. and, certaln relatecl oom-

pounds act slow1y to klll insects, and. female splder beetles cotrld have

ample tine to lay eggs before becomlng affected through contact witJr the

Ð.D.llo How, then, does the D.D.{l. fr¡nction in proteeting the sacks?

Smallman attributes the protection offered by the treated sacks to an

excltatory repelLent actlon of D.Ð.[. on the spitler beet].es. Snallnan

mentions the work of Thomson (ú4 ) ln which the author suggests that

surfaces treated with D.Ðo[o have an imitant effect on anopheline mos-

quitoes preventing then from restlr¡g on treated surfaces long enough to

absorb a lethal d.oseo

[there are cases where insecte have developed a resistanee to

Ð.Ð.Tr due to sel.ective breecting of survivors of treated insects"
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llndqulst and l[ilson {8) tn 1948 eamfeci out a series of tests resulting

in the develoBment of a straln of houseflies resistant'to D.Ð.[o Shey

used 14tå generation flies and the results showed average nortality ln

several tests was 69 per cent for regular stcck and 74 per cent for

speeial stock. fhÍs speeiaL stoek had been reareel fron the survivors of

exposed flies 14 tineg¿ [tle tlata of these two workers showed that se]ec-

tive breecling: produced a straln that was more reslstant to D.D.II¡ spray than

were the flies from the regular stock. ÍÌre flndings of tlnd.quist and his

eo-workers 1ed other workers to carry out sfunilar testsll);Questlons were

raised as to whether or not some detrimentaL fastor may have been instnr-

mentaL in obtalning the results observed by Liattquist. Such a factor as

ileteriorated D.D.Í. would'lead to the false concluslon that the insects

were d.eveloping a resistance. ÍÍhereforer the studies carrled out after

Ilnctquistts work were d.esigned to eonfi¡m the results obtainecl by l¡ind,-

quist. Laboratory and fÍeld studies showed that the primary cåuse for

failure of D.D.ll. residual sprays to accomplish satisfaetory fly control

was the development of f1y resistanoe to D.D,To &rd. reLatecl rnaterials¡

Thls resÍstanee to D.D.$o has ileveloped to such a nagnttud.e ln some of

the f1y strains collectetl that it was virtuall"y lmpossible to obtain 100

per cent knockdo¡r¡o and k111 of:" the flies by means of residual D,DqÍ[,

spray treatments.

In srumary 1t nay be stated that bÍological effects other than

death have been obserrred by some investigators. [hose studles which shovr

that t'he sublethal effect ls a redustlon tn the rate of oviposition
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su€igest that the Ínseets ',vere weakened by erpocure to the insectÍcide.

Ëowever, those studles whlcil show that a resistance factor is bullt up,

suggest a gel.eetion ôf stronger lndlviduâts and a demonetration of an

nall or noneü effect by ths insectlciale.

Althoræli most of the llterature on the subjec* eleals with

sublethal effeots of certain insectictdêô, none of the investigators

have dêËi€þed tÀeir experlment$ to tab into account the difference 14

slrblêtha1 effect between tf¡e males and fer¡ales. The present stud.], t

therefore, '.{as uxrdêrtå.kên not only to de¡Eons trate tbe effects of sìrb-

lethe1 doseeiêe of D.Ð.t. reËLdueB to adults of ?rítolirr¡r c onfusu+ þut

ålso to d.fsclose any d¿ff,erence beãïeen the sexes when test lots of

this spec!.es wef,e exBosed to sulLethal dosages. To dêmonstrate thi8

d,lffèrense, if any, an êr.peri&enÈal deslgn v¡as enBloyed which used all
possible conbin¿tlons of treâtnents and sexes.

EXPEÊI}IEff¡¡.É ?.&08ßDUTË

De sl_gq of, the ExI)erlnetlt.

Íhe experinent was designed to deterülne nhether exposurê

to D.D.T. had a sublethal effect on either or both sexes of Tribolla¡n

confusu¡n whlch l4rould be reflected in the fecundiþ and fertflity of

this insect. Reprodu.ction is s, sensitiTe indicetor of aqy ìr!1fayor:å.bLe

facto¡ in the envif,onment of inêects. the su.blethe.l effect of insectl-

oid.es oa the femå,le nay þe dete¡lnined, thelefore, by åssessing the fecu¡d-

ity and fêrtility of trêated fenales of t¡:Lbe1jf:¡L Fecundity is â neasu"e of
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egg produetion or rate of ovipositlon and fertility a measure of the Ber-

centagie of eggsr laid by treated females, which hatch into first lnstar

larvae. lhe fecu-ndity and fertillty of treated fenales can be conpared

to the fecundif,y and. fertility of r:ntreated fenales thus affording; a com-

parative method of measuring sublethal effects' Eowever, the reproductlve

ability of the male rnay also be affected, and. this effeet can only be de-

termined. by pairing treated. males a.nd untreated fenales as well as untreated

maLes and treated fenales' fhe exBerlment was designed to provlde all esm-

binatlons of sexes with treatments. Since differe'",ces due to treatment of

aduLt beetles with r¡¡iform d,eposits of D.D.Tr resid.ue were expected to be

small., adequate replieatlon and a destgn suitable for statlstical analysls

was necessary ln order to test the signif'lcance of observed ttlfferêrces¿

fhe clesign of the experirnent is indicated in fable fr

Fo.urseparatetesteweremadedesig:rated'pre1imi[aIT,À,B,and
', : :'

C. Certaln variations a¡d modificatlons in experimental procedure were in-

troducecl ln each test for reasons which shaLl be discussed. Pests B and 0 '¡,ir
' : :'::,..':

are duplieates and therefore, their results are clireetly comparable. Each 
1,.,ì,.,:.:.: ;

test is rep).icated fôur tines for each conrblnatlon of treatnents and sexeso :::::

Techniq.ue employeJl ln t3e Prellginary fest to Atjgtn 50 Bergsgt Mortaltgv.

A preLiminary test was earried out to determine the amou¡.t of

D.D.T. deposit and the length of the exposure period necessary to k111

approximately !0 per cent of the test insectso ûris percentage was arbi-

r:li:
;:;:.,:)ì



TABÎ,E I
DESIGN 0F Ei\ffm,E INVËSTIGATI0I{

I Testst

Conblaatlons

Treated nales

and.

treated, females

Treated ral,es

aEd

untreated, fesales

Ilntreated naLes

and

treated fematres

m'
mHm.
ffiffi'-

ffi'
i 1-: 1r:

m-
m,Uatreated nales

and

Ilntreated, females

r Prelimlnary - 1% ppt-acetone vol. 4n3,i 4 plates¡ ettpr 4 hrs.

A - rÉ pur-aeeã3i3"i'"t . 6-4n¿4prates, P-5n1¡4 prates¡ êxpr
9-Ihrs.

B - 2.51, ÐDl-o1l, vol . ,r¡Il plate¡ €xp. d ! hrs., I L h.r.
t - Same as for B.

TREATEÐ PIATES ShAdEô. UNTR.EATED PT,.ATEË TIEAT.

both

d 4 hrs,

Prelfminary

mm-
låi-ã's-:'.!ftø*t l

ffiTffiI
lffilffiflo
liiÐ..{jid#p-iÌl m'

m-

ri rr.':.:ì.lfiii:::jì
,r,!. r,¡Å3.i.,!r:i:íi:
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trarity chosen as a convenient measure whereby the su.rvivors could be ex-

a,ninecl for sublethal effect.

Prlor to the preliminary testr random lots of test insects

taken from the cultures of the Stored Product fnsect Laboratoryr lllnntpeg,

were exposed to resid.ual deposlts of D.Ð.lI¡ on glass plates, Mortality was

oontrolled by varying eitber the tlne of erposure or the concentration of

D.D,T: Varlous ooneentrations and. exposure perlocts uÍere used in the tests

to achieve the desired mortallty of 50 per oent. After considerable erperi-

mentatlon¡ reasonable eontrol sver mortaLiþ was obtainedo However, when

sexed beetles were exposed. to D.D.l[o resldues separatelyr &s was done in the

prelimlnary testr it was observed. that the femal.es suffered. higher mortalÍty

than the ¡nales. ûris obeervatlon is shown in Íable IIo ltre sex of tb.e cleaci

beetles was d,etermlned by appying gentle pressure on the abdomen with a

spatula causÍng extrusion of the genitalia. [he presence of an ovlpositor

inclÍcated a female. In thls manner it was shovü¡r that most of the deacl beeil.es

were females. 
i

fre ¡nain object of the preLimlnary test uas to secure )0 per cent

mortality of both male and females of Tribolíu¡n rùen exposed to D.D.lfo resi-

dues¡ fn this test a l per cent soLutlon of D.D.llo l,n acetone was used. as

the spray liquido Acetone was adopted as the D.D.T. camier on account of

its high volatiliþ and. excellent solvent properties for D.D.{[. Forr milli-

lÍters of this solutlon was usecl to spray a set of four glass plates. Both

sexes were exposed to a Ð.DqBo deposit on the plates for the same length of

time, nanely, 4 hourse lUre reason for exposing: test lots of both sexes to
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equal dosages of D.D.T. resid.ue for equal lengths of time was to keep the

conditions of treatment equal. llhis procedure led to the results indicated

Ín Tab1e II.

Ohe higher mortality of the fenales and. the difficulty of !n-

ducing higher mortality of males matle it. necessary to introduce modlfications

and variatlons in the experimental proced.ure. 0oncentrations of D.D.T. that

kllIed !0 per cent of the females would not klLl !0 per cent of the males.

Ooncentrations which did ktl1 JO per cent of the rnales killed 95 per cent

or more of the females. Hence, changies ln technique was necessary to bring

the mortality of both sexes closer to 50 per'cent. llhe variations and modl-

fications in experimental technique included the foLlo-wing changes:

L. formulatlon of 'D.D.T.

2, concentratlon of D.D.T.

7. volune of D.D.T.

4. Iength of the exposure perÍod for males a¡rd. femaLes.

These changes were introduced in Experlments A, B, and c as indicated in

lable I.

llechniQues Employed in Experiments A, B and 0 to Attaln 50 per Ce,nt Mortality.

fn Experiment A the perlod of exposure was ] hours for females

and 4 hours for rnales. llhe exposure time was áecreased in an effort to

recluce the per cent mortality of females from 80 per cent to approximately

!O per cent. [he volume of D.D.T. solution sprayed on the targets on which

males were to be expose'd was increased from 4 ml. to 5 ml. These nodÍflca-

tions brought about some improvement as evidenced by the lower mortality of

females in Experiment A. ffowever, the mortality of males was stil.l consider-



r.¿'3I,E TII

I¡EVEIJ 0F I}IDUCED If0R[A.lIfff' ÀlVÐ MORIÂT,ITY DURING TEST PERIOD. EXPERII/EIÛI A

Ereatnrent Inctuoed Mo¡tal1t_yrJ Nnmber of
original

palrs

Mortalltv durlns test

Males I ,"**t"" MaIes Females fotal

Soth Sexes

ì[ean

10¿0
616

10"0
6o6

27 i7
V6i6
50.o
5V,1

2'
1g
L5
L4

0
0
0
0

0
Vo7
0
0

0

7.7
0
0

8*7 40¿8 L'l ¿1 0

Males 0n1y

Mean

20.0
27.7
L6a6
16¡ 6

0
0
0
7c7

24
2V
25
25

7.V
0
o
0

0
6.6
0
7¿V

V¿7
616
0
VoV

19.1 ooB 24t2

FenaS.es 0n1y

Meeri

VoV
0
0
0

,0.0
50c0
67 

"V46"6

2L
L5
11
I6

0

7i7
0
0

0
0
0
0

0
V.7
0
0

0o8 4',1ö5 L5.'l

Netther Sex

Mean

7¿7
0
0
0

1¿V
1i1
lrV
0

2q

29
2g
70

0
7.7
0
0

liV
0
0

7.V

1"V
7o7
0

3¡7

008 2ú 29ô,



I,EVET OF IT{DUCED MOAÍIåTIIY a

freatment Ind.uced Morta!¡!!g, f. I$r¡nber of
original
palrs

ll[9f lra¿-l ¡ lry (¡(¿.r¡IrË

MaIes tr'enales !ûales Females llotal

Soth Sexes

Mean

56
52
6o
40

76
44
16
52

11
t2
10
L2

0
,
0
I

0
2
2
0

0

5
2
t

52 42

Meles 0n1y

Meen

44
40
6+
,6

0
0
0
0

t4
15

?
L6

I
0
t
0

0
I
0
o

I
I
1
0

46 0

Fenaleg 0nl.y

tr[eafi

0
0
0
0

48

,2
44
44

L'
L2
14
I4

t
2
0
0

0
0
o
T

I
2
0
1

0 4',1

l[ef.tber Sex

Mean

0
0
0
0

0
0
0
0

trx
tx
te
:t7E

0
t
0
1

0
2
0
0

0
,
0
I

0 0

T.A.BüE ÍV

A1{Ð MoRr.A3rTY DIJRTNG ÍES[t PERIoD. EXPERT¡IE¡IÍI 3?

¡F half the nwnbers of pairs of control-s used



Ereatment Intlucecl Mortal i Nr¡nber of
orlglnaL

Palrs

Mortality ôurins test

Males Femal es Maleg Fern¿,Les Sotal

Both Sexes

Mea¡r

+48
40
76
1z

52
56
60

,2

L2
1t
10
L2

2

I
0
0

0
I
0
I

2
2

0
t

,9 55

MaLes 0nly

ÏEean

44
v6
60
76

0
0
4
0

14
16
t0
L6

I
0
I
0

0
0
0
0

I
0
I
0

44 I

Fenales only

Mean

0
0
0
0

48
68

5z
5z

LV

B

L2
L2

I
0
0
I

0
0
0
I

I
0
0
2

0 55

Neither

trfiean

0
0
0
0

0
0
0
0 itri

0
I
,
I

0
2

,
0

0

t
6
t

0 0

[A3LE V

I,EVE! OF INDUC@ MORTAT,IST. å.I{D MORÍI¡J,T T DUBTSG IEST TERIOD. EXIBRIÀM$S C

rÊ half the nurnber of controls used
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abl.y less than the required 50 per cent. [he morta].ity data for lxperineÈt

A i5 presented in leble III.

In Erperl"Ìents 3 a¡td C further cbar\Ees in technique were €mployedo

These chenges lnsluded the u.se of a d i.fferent D.Ð.î. fonoulatlon, a greetly

increased concentf,åtion of D.D.f. and fu¡ther va¡iation in the l ength of

tb6 erpoBurè perlod for thô nele8 ¿nd for:r¿les. úrc new fornulation ôf D.D.î.

used. wås a. ?.5 þet eent solution of Ð.Ð.f. in nw[ber ? Inpe¡ial reflned. oíl
(deoclorløed kerosene). 8le solvent was changeð frÒm acetône to refined oiL

for the fol lorving reasons:

la na id volatílization of the acetone as it left the spray noszle m¡'y 1¡aue

resulted ln the suspenslon of D.D.n. palticles in the air, and pf,evented

må,r. fnu]Ir depositlon ou tTre target¡

2. An o¡.I solvont is connonLy used for pf,actical control work.

Án increased eoncentratLon of D.D.T, ÌÍas necessary to inducê higher

riortåliw of rûâ,les. Further, increeslng tb.e osncentration nade it possible

to decrease the periotl of erposure. Ðecroa6lng tbe period of €xposure

$as considêred a desirable feature. Durlng too j.engthy etl êrlosure sone

ineects ûay nove about more a,ctÍvely than others and. consequeirtly absorb

more D"D.T. theJß the less active ones. [tre 2¡l per cent solution of

D.Ð.f. in ol1 was satisfactory in induc ing nortality approxfnåtely close

to J0 per cellt for ]oth sexes¡ In Êxpe"inents B and C each terget to bê

treated was sprayed witb 1 n]. of the D.Ð.T. - oi1 solution. fhe fe¡ûales

were exposed fo¡ one hour and. the må,les fox three hours. [trese two dupli-

eate experiments 3 and C are considered to provide the best rßeasìrre of
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eubletb¿I effects stnc€ the lnrh¡ced ¡aortality was more u.nlforûr between

se¡es a¡¡it $¡lthin test groups of the sâ$€ sêr¡ [he nortality tlata for

Erperimente 3 andl C are presented ln fablee IV anil V respectlvely.

In aLl four erperlmentÊ the test Lots of u¡treatecl lnsects y¡ere 
'i,,''

exposecl to targets sprayecl wlth t]re solvent only.

PreÞ,ratloa of îara para D.D.S,.
,. ; ....:
,ti:t..

,Leal D.D.T. 1s conposerl of a group of Lsomers of which the "" 
'

: _ .. ,:.,
'.: .:':t1 i

aa.Þ {naa¡f,{a{áo1 ::l:: :

Bâra pr,ra lsomer shows the greatest lnsectletila-l aet!.vlty. Pure para para

D.Ð.T. was obtalnetL by the purifieation of technieal grade D.D.T. after the

nethoc[ofCristg1,Eayeea¡c[Ea11er(3),1}y;'.æéf1ux1ngw1th?5pereent

ethzurol, The hot solutlon thus obta!.nedl was flltered. througb a Buchner

funnel which retalnedt all nechaulcal lmprrlties" lfpon coolÍng, the flltrate

reerystallf.zedl lnto trnra trnra D.D.T. whlle t'Ìre other lsomers rcniràlnetl in i

solutlotr 1a the aLeohol. After flve separete refluxings a,rad flve ree¡7stall-

l'zationsthepureparaIEraisonerwlthaf'e1t1ngpo1ntoflØJ-1o?d[egreesC"i

.. :
tbe anor¡nt of D.D.T. trnepareit ¡noveil lnsufficlent for a^11 pbases .,,:'.,,

',t,:ìr'1

of the work so a sasrple of pìrrre lþ,ra trnra D.D'T., melting polntr 105 - 10?

ilegrees Co lras procurect through the courtesy of ê eomnercial ehemleal

eOncem,.*

Eandll;lne tb,e Iasect l,Iaterlal befoÄe E:rposure

lrlbollum confirsrm adults were reared. from pupae r¡¡der earefully

':::r.r:.:

* Naugatuek Ohemleals lac.
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controlled eonditions of teeperetu¡e and humidlty. gre sex of tha beetles

was determined by the nethod descrlbe¿l 'dy Park (10). [be only ]ellable

external sexual eharacterfstic for any stage is fou¡ê 1a the pupal staget

Ehe puBae were placed, ventral gurface ì¡p, on tl¡e stage of a binocula¡

nicroscope and esamined. 'Írde¡ Low power. 0n the ventral surfåce of the

I)osterlor tesûiaå} segnent, tåe femåle has a pair of sffi.ll append.agee

êppearlng ve¡y nnch like mlniatr¡re ¡¡.e¡nnary Blard' s. 11Iæ se append.ages ale

realuo ed to lBdistlnot oi.evåtions ln tlre rÞIe. fhe lnsects usetl ln this

study ware separatod into mê1es entl f,ernsLes on tbe basls of this charao-

teristfc anatomical differênge. &'e Butr¡ae of, eâch sêx we?e reåred separ*

ately ln la"ge pyrex ¡åklng dishes contalnlng a standa¡d food med !r:¡n nade

vp of ?5í drole wheat flotlr sifted twiee t]rrough a num]er 60 l¡1re mesh

sareeÀ antl 5 per cent ffnely powdereal brewerts yeasi þ weight (tló lhe

l¡êast was tborougbly mixed througb the flou.f so that alL parts of the nlr-
tu¡€ were the sBrûe fro¡n t¡he gtanclpoint of nutrltio¡rsl ralue. only tho

sifted flou.r îras rr.s ed ia nåklng up the food nediun. llhe purpoee in separs-

tlf\g the ¡rån frorû lùe flI our a,ri<l using only the sffteai portl,on was to facl-

tltåt€ the sep¿ratton of, eggs anè fi¡st instar larvae from the f}Õr¡r. It is

ô'ovlous that the presenoè of br¿n would måko the tåsk of separatlng the

eggs or t i,ny larvae vlrtuaLly lnpossiTle"

Experiraentål conditlons of tenperatu.re, huarldiþ ånal age of

insects €re controlleil as closely as possiþle. tsh6 temperature and. rela-

ttTe hu.rnial ity were nåintaineä at 28ej degreee ç. q¡ð 'lO -'15 p@T cent res-

pectlvely (9t 110). Eemperature bas e ns.rked effeet u.pon the ftumber of eggis
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Iald, whereas, relative hunldity has very little effect on ovipositlon. (4)

Increasingi the temperature oa,uses increased egg productlon. femperahrres

higher f]han 74 degrees C. cause a narkecl decrease ln egg prod.uctlon and at

about 18 tlegrees C. mortallty of the adult beetles is hlgh. !Ðrose pupae

w?rleh emergeô over a 4-.ttay perlocl were retalned and used in the stuily¡

ltrls proceilure engured that a/ûults of as nearly constant a8ie as possible

were usetl 1n the studyc Fern¿les of TrlboliUIr eonfusrm begln to lay eggs at

a reasonably ualform rate about 7 weeks after emergenoe anit eontinue at this

level of egg productton for about two monthso Srereforer about three weeks

after emergence, tltê young adutts were prepared for exposure to D.D.lIo

llwo other factors that could concelvabLy Ínprove the u^nlfonnity

of response to the D.D,IIÒ resldue are - prlor starvation and exBosure at

constant temperature. Following tbe fincllng of llattersfieltl (Ul that more

uniform response is obtalned after a period of starvatÍonr the teet insects

for rìxperiments B and C were starverl fot 24 hours before eÍposure¡ In the

prelimlnary test and. experlment A tbe insects were exposed to D¡D.Tc at

room temperature b¡¡t tn Experiments B and. C, the exposure was carrled out at

28"5 degrees 0 ln the constant temperature cablnet¿ &der these oondítlons

and that of increased concentratlon the response sf the test lnsects to the

D.D.Tc d.eposf.t vras more uniforn as indicatetl in lables IT and V.

After the varlous test lots of insects were exposed to the ¡es1-

dual deposits of D.Ð.l[r they were carefull.y lntrodueed into wicle-nouthect
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g}s.s6 jers containing equal vo lumes of the s tandard food materialr

Each test Lot r'¡ag placed ln a nuribered jå,r. lhe treated insècts Ì{ere

kept in the jars for a certaln peliod of tine dur lng wbíoh iuortality

of s oin€ of the exposed insects uas ind.uced. Shis perioð of tine nas

B days for Experfuaent.{ anal ? days for g*pqrlmeüts 3 a¿ä C. It uas

. previously noted that afte¡ the sixth day any further norta.lity vÞ5

neglfþiblet this being the case, it was fe.Lt that J days ï¡as suffiolent
for irisects to suc cumb to Lethat doses of D.Ð.To Íhe s* of beetles

Ìrhith dfed during the ooufse of tbe experiment !¡ae determined by gently

squeezing the aþdomen of the deåd lnsect a,nd. examining the extrud.ed

genltaLlå. K]1owledge of the e¡act nunber of må,Les and fernales dead at
any g:iven tl¡ee was essçntiel for fåê ealeuLation of rate ôf oviBositionô

After the €:rposed. insects had been alLowed to renatn in
the g]êss ja.rs for the required f or B days, the nale ånd. fenale survi_

vors were palred acrord.íng to the desl€lr indicated in Table I. tr'or ex-

arßple, tlre survlvo¡s of roplicate lot 1 (nalesl were paired wlth an

equål nu$¡er of survivcrs fron ::eplicate lot 5 (f,emales ) or viee versê,

eecord.ing to which gex suffe¡ed. the greatest nortality. fhe paí"ed Lots

were plaeed in the ï{ide-nouthed g1ês9 jars eå,ch containÍng an equal volu:ne

of the standard fooå ü.ediuÐ.. It is obvious that t\e number cf lal¡s is
gove"ned by th€ replicate 1ot showing the higher nortality. tre repllcate
gror¿ps coÍÈined ês follows: L and J, Z and 6, J and. ?, 4 and B, g and 15,

etc" fhis lxliform ¡nethod of palrlng ïras adopted in each of the four

erp erilnent s j Sinoe eaeh c olab inati on of soxeg and trsatnents
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was repllcated four tlnes (fatte I) anct there are four such comblnatÍons,

a totat of 16 jars was required. for each indiviclu¿,l experimente rrP¡ê

forr erperiments of the whole stucty¡ therefore¡ requlretl a total of 64

jarso Proper ventilation for the inseets conffned in the ovlposition

jars was ensured. þ means of holes 1$ tnches 1n êianeter alrllled out of

the metal to¡rs of the jars. Brese holes were securely covered wlth 60

mesh wire screenlng to prevent the escåpe of any of the insects during

thelr conflnement in the jars. flhe oviposltion jars were kept in I con-

stant temperature eablnet at 28"5 degrees 0. and ,197" reLative hnmidtty¿

Ât periodlo lntervals of ! ctays the oontents of each jar was sleved

t'h.rough a 20 nresh wlre screen which retalned the aclults¡ and a 48 mesh

wire screen whÍch retainetl the eg:gso ftre eggs retained by thts screen

were gently removed on to a black surface. fhe whÍte eggs contrasted

against the dark bacþrouad. facilitated countlngi Ehe eggs were aounte¿

visually with the aid of a hand tally; ftre eggs were record.ed as nr¡mber

of, eggs per fenrale per d,ay. fhe determinations for nr¡mbers of eggs ü¡ere

nade for 2 - day periodso

fn some experiments (fO¡, no attempts are rnad.e to eLinfnate

ca¡rnlbalÍsm: the rate5, therefore¡ are not, strÍctly speaklng, absolute

fecunclity rates but measure the eggs renå,ining ln the population after
some have been eaten¡ In the present study the reason for taktng Z-ctay

eounts rather tha¡¡ weekly counts was to reduce this factor of cannibalisn

as mt¿ch as possible wlthout cllsturblng the adults too fluchc l¡hus, after
eaeh interval of 5 ciays, the contents of eaeh jar was sieved as clescribed

and the eggs laid during the 5 day period were discarded. llhe adul.ts were

F
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gently bnrsheci out of tbe screen¡ gren the sieved. food, free of eggs,

was replaced in the respective jars and the adults ad.ded. lthe addition

of adults to flour rather than flour to ad.ults was an Ínsuranee agalnst

injurlng the adult beetles¿ After the adults tTrere adcled to the jars

they were allowed to remaln und.Ísturbed. in the tenrperature eabinet for
two days; at the end of this tlme the eggs ln each jar were separated

from the food neclir¡¡r an{t eor¡nteclo flhese were record.ed.¡ [trls proeed.r¡¡E

whereby the d.eterninatlons were nacle at five-d.ay lntervals ensured,

ninÍnrrm disiurbance of the adults¡

fn all slftlng and, transfe*ing oBerations care was taken to
treat the insects gently so that they were not danaged. It was essential

to treat the inseets gently durlng handling so that thelr physÍorogy was

d.Ísturbed. as little as Bossible. Injury to the insects might be reflected
in the rate of ovipositlon antl lead to erroneous conclusions. rt has been

shoürn that shaking adverseiy affects oviposition (to¡, rn thls strrdy,

however, thls disturbance factor is of no consequence because the inseets

are left ruldisturbed durÍng the two-day period ln which the reco¡dett eggs

are lald.o

llhe eggs obtained in each determinatlon were retalned for
further .observations on vrability. rlhese eggs $rere plased Ín new jars
elesignated wtth nr¡nbers corresponding to those on the oviposÍtion jars

v¡henee cåJne the eggs¡

Each of these new jars contarned 50 nr. of the standard food

material. lllhese jars were plaeed tn the temperature cabinet for a periocl
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of ten days during whlch the eggs were allowed to hatch into larvaeo

At the end of the ten-d.ay period the contents of each jar was sieved.

through a 60 mesh screen to separate the larvae from the food. [he

larvae were brushed out of the sieve on to a large sheet of white

paper. This sheet was gently tappecl so that alL debris and unhatehed.

eggs felL readily into a receptacle leavlng the larvae ad.hering to the

paper. lhe white bacþror:ncl caused the yellowish larvae to stand out

elearly and ín this msnner were easily counted. flhe debris collectecl

in the recepta0Le was re-exa¡nined. several tines to ensure tbat al-l the

larvae were accou¡ted for. The nr¡raber of larvae obtained. from each

jar was recorded as Ber cent viabllity"

[Lre D.D.T. Deposlt

úte stud.y was designed so that ad.ults of fribolir¡¡r eonfusul

wou1d'receÍveasub1etha1d.osageofD.D.Trwhenexposed'toadryD.D.T¡

deposit. Sre purÍfied para para D.D.[, vras sprayed on a surface so 
,._, ,.,.-., ,.,,,..

that a d.ry D.D.T¡ rêsidue remained after -the soLvent evaporated. Mentlon ,'.;',,''.1,.....,'
_. r-.:. :.-'::

has already been nade of the two types of Ð.D.T. solutions used in this ',,..'¡,..,'.'i¡,;,' '.. : .'

study, namely, a 1 per cent solution of D.D.II, in acetone a¡rd. a Zoj pet

cent solution of D.D.T. in nr¡rnber I Imperial refined. oil (deod"orized

kerosene ). ,::.:::::.:.:.r.ui''¡,::
,,''j...: ì:.j...', ii:
. l; j 

',. i', '. .ij. i'i

After obtaÍning a suítable sol.utLon for spraying, it was

neeessary next to find a suitable surfaee which could be sprayed. with

the solutlon and whlch would not absorb any of the solutlon. îhe reason

for Bsing a non-absorptive surface like glass is that the effectiveness :-t:.1¡r,,,,;r;
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of resldual sprays decreases with the increase in the absorptlveness of

the surface sprayed (2). Glass was selected because it possessed this

non-absorptive property. Moreover a surfase was required to provide

suitable footing for the insects, Ít was important that the insects re-

maln on thelr feet throughout the period of exposure so that they couldl

be exposed equally on the treated' surfaees. Flne stnà-bra'ted glass

provided an excellent surface upon which the insects walked without

Losing their footing. Several sa,nd-bLasted glass plates, each four

inches square, were made lrB and used. as surfaees on whlch the Ð.D.Í!.

spray was deposited and the test insects were exposed.

f,5e spray tower and atomizlng nozzle (d.esigned after Hewlett
Ê'ie. 1(a)

(6))/,usedatt}reStoredProductIngecttaboratory'Wirn1peg'tr[a,rritoba'

was used to spray the glass plates with the Ð.D.lf. solution. Several - '

pre1ininary trials wlth the spray torryer were made to test the replicabi-

tity of deposit and riniformity of deposit. In these trials four plates 
:

were sprayed in one operatfon. A D.D.î.-dye-acetone solution was used

when the ratlo of D.D.S. to dye was 10 : 1. Íhe plates rûere washed off ,,,,' ,,,

with a fixed volume of aeetoae and samples of ihese washings were meas- ',',,,',,, ,',

:

ured in a eolorÍmeter. Íhe results of the trials as represented by

colorineter readings are lndicated in SabLe XIf. lüre nozzle was adjustecl

to deliver a fine spray. Àir pressure equivalent to 150 nm. Hg. was usecl 
:

¡t''¡i:.:,.¡'
ln all spraylng operations. In the prelirninary test and ln Experiment A, 1:;'': 

'

four of the 4n by 4t glass plates were sprayed at one operation.

Certaln exBeriments are now underrray at the Storeè Prod.uct
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rnsect L,aboratory to test the replÍcabitity and wriformity of d.eposlt

laid down by the spray tower apparatus. PrellmlnarS, results seen to

intlicate that a slightly more uniform deposit is laitt doi¡un eloser to the

eenter of the ftoor of the sBray tower¡ 0n the strength of the resultE
I

of these prellmlnary tests a variatlon in spraying technique was intro-
cluced in Experiment B. fnstead of spraying four plates at one operation,

eaeh plate was sprayed separately but was placed in the exact center of

the floor of the spray tower prÍor to being sprayedi îlrree mI. of solu-

tlon were sprayed upon each plate. .å.t the end of each spraying operatlon

the plates were left in the tower for an additionaL five minutes so that
anysuspended.particlesofD.D.[.cou1dsett1eoathep1ates.

lllhe same plates, without respraying, were used in Experiment Cc

It was eonsidered. u¡necessarly to respray them since the amount of D.D.f.

deposit removecl ty the insects in Experlment B was extremely srnall. Cotton

(Z) fras found. that D.D.Te rêsidual sBrays in"all formulations remaln effec-
tive on glass surfaces for more than a fearr Slnce the sprayed plates use¿

ln Erperiment B were used. again for Erperiment G within 5 days, it is pro_

bable that no loss in effectiveness occumetl in this intervalo fltre insects

used ln Erperiments B and c, therefore, were exposed to dosages of equal

concentration and effectiverêss¡

ft should be mentioned that the efficiency of a resld.ual spray

deposit ls reduced when it becomes coated with dust (Zl, For this reason

precautions were taken to prevent the sprayed glass surfaces from becoming
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coated with flour dust prlor to and d.uring the exposure perlod..

't .".:..It was considered inportant to know the anount of D.Ð.[o

deposited on the plates and the wrifornity of deposit, lltre amoqnt 1ald

down was measured by colorimetric means aceording to the follolving metJrod..
;':"::'a dye of the anthroquinone tl¡Be v¡as incorporated with the D.ïj.To acetone :;t:',

soLutlsn used in the pretiminary test. Ít¡e 100 nl. of acetone in the .

it.''''t ',stock solution dissolved completely 0.1 gm. of the dye so that ttre ratio
of Ð'D'îr to dye was 10 : r'. Equar vorunes of the d.ye sol.ution were

sprayed on several replicated sets of plates. The d,ry D.D.T.-dye residue
Iwhich remalned upon the plates after the aeetone had evaporated was re: ',

movedbywash1ngeachp1atewith20nl.ofacetone.Asamp1eofth1s

solutlon r¡as measured in a colorimeter. [fhe galvanomete¡i readÍngs taken ,

directLy from an arbltrary scale are indieated in Table xrr. Ilhe close-
nessoftheresuItswithinrep1icatesandbetweenrep1icatesasshownby

two separate tests indfcate that alnost identical amor¡¡ts of D.D.To a,re ì,ì.:,
laÍd down on each plate durin€; any spraylng operation r¡¡rder identical 

i,, 

,,',,"

conditlonso ,".i' ,

phe act*al weight of dye in the acetone washings from each
plate was calcu_lated fro¡n a standard curve (X,lg. I). Ehis curve was de_ i::;:

1'.,,,, .,t,terufned as forlovcs: Â range of 6 acetone-dye sotutions of known soncen-
tratlons were rnad.e up and measured, in the colorlmeter used at the storect
Prod'uct rnsect r,aboratory. rlhe galvanometer readings observed on the
arbitrary scale were converted to figures based on I00¡ By means of a
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TABI,E XII

uNu'onuIrr ¡¡ToUN I.H'T'TüV1I1'Y å$IÐ E.E¡PIJ

Sumbers of plates
in sets of four
repl icates

ßIIJIrf 0F ÐÐT ,

SCAI,E

[rial I

DEPOStrI ON GÍJASS PTÂTES

M^AÐINGS

II Trial II

I
2

,
4

lfiean

24.2
27.O
27,5
2V¡5

24"6
21.8
24"V
25.5

27 ¿5 24"5

5
6

7
B

Mean

22.9
27.L
27¿l
22.8

22r9
22.8
22¡9
22¿8

2Vo0 22¿8

9
10
1t
L2

Mean

24:6
24ò4
24.4
24.4

22.'l
2218
22i7
21 08

24.4 22¿4

2L
22
27
24

Mee¡

27i6
27 ¡6
24"L
27 ¿'l

ODÊ

22.L
2r.g
22.4

2V"'l 22.2

[ota1 Mean for Otatei 27'.6 27 o0
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table showing density ( I = 2-1og G ) against the galvanometer readingt

G the figures based on L00 were converted to figures for optical density.

flre calculations for the stand.ard cürve are presented in Table XIII.
0Btical density was plotted agalnst concentration and a straight-line re-
lationship r¡ras established. Uslng this curve it was possible to meagure

the concentrations of dye in the solutions nade up of acetone and the resi-
dues waehed from each treated. plate. Since the Ð.D.[l and dye were present

l¡l the ratio of 10 : 1, the amor¡.¡rt of D.D.ÍI. eleposlt corrltt easily be ealcu_

latecl"

Method of ExBosi the lasects the Ð.D¡T s lt.

rechaique r was used in the prelinrinary experiment and ín
ErperÍment A. ![hen gLass plates were chosen as areas of exposure the

problem arose as to how to confÍne the insects to the plates for the

d'esÍred length of timeo 8wo clevices ïrere used in conbination for this
purpose, namely, plastio rfngs and strong lighto

, llhe rings were 4 Ínches in d.ianeter.and approximately $ fuch

in heþht. One was placed on each of the treated g:lass Blates ereating

in this way a suitable enclosure for the insects. lFo prevent the insects

from climbing the inner waII of the rings a¡rd falling on their backs, the

lower lnner edge of each rlng was cut away at an angLe, the eut beginning

about one sixteenth lnch from the lower inner edge and deflectÍng downwards

towards the outer edgeo

lltre seeond d.evice used to keep the insects on the treated sur-
faees was strong light since Erlbotiun confusqq ls negatfvely phototropic¡



TA3I,E XIÍI

CATJCUIAfI ONS FOR STÀI\TDATD CTIR]TE

Concentration Saale Reading
(0onverted )

Ðensity (¡ = 2-1oS C)
against Galvanometer
reading G

0.00250 4"6

0¡001,00 12¿9 0¡482

0¿00062 50o6 oi??'l

0¿000I0 98¿'l oûo4Bo

0.00000 100ó0 o"oooo
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Ðre procedure was as follovüs: Ehe treated. plates were placed on a

large translueent glass surface provld.ed in the 3.aboratoryo fwo photo-

flood. lar¿ps were placed beLow this surfaee but near the fl.ooro A circle
of black paper eut about f, inefr smaller than the plastic rings was place¿

under each sprayed. plate and arranged so that the oentre of the plate was

exact3.y over the centre of the paper. l{'hen the plastlc ring was plape¿

over the plate a ciroular rnargln f inch ln wÍdth was evident between the

rfng and the edge of tbe paper. When the tr,o lamps were switched on thfs
paper effectively bLocked the llght rays thus provtding a clark istand

surround,ed by a sea bf light. flhe corona of light around the rÍm of each

black circle of paper ï¡as so intense that insects venturing to the edge

were immeclÍate1y repelLed and forced to turn back. lhis devÍce seemed to

be eatisfactory.

fhe heat generated by the lamps during the period of exposure

was dissipated by a fan. This precaution was necessary to prevent the

temperature from rising above 75 d.egtees C. above whlch mortality becomes

pronouneed.¡ After exposure the lnseets were hanctled as deseribed in the

sectlon ËEand.ling the lnsect materiaL after Exposure. rr

fechnique II.

!Íhis technique was used in Experiments B and 0. l[he advisability
of using strong light as in [eohnique f uas questionable because photode_

comBosition of the D.D.II¡ reeid.uê rnaJ¡ have occurred.. Al.so¡ according to
Cotton (e) rrsht affects the duration of effeatlveness of residual spray

deposits. fhese possibilities preclutted tho use of strong light in the

exposure technique for Erperiment$ B and. C. fiitherto, the insects were

.; :.: J

..
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exposed. at rooln temperature but in this technique they were exposed at

a constant tenperature of 28.5 degrees C. Following exposure the lnsects

were handled according to the method described und.er the heading nHand-

ling the insect materlal after êxposltxêrtr

In both techniques no attempt was mad.e to investigate the

necessity of movement of insects over the treated surface durlng exposure.

Is the activlty of insects inportant in governing the ainount of D,Ð.Í[o

absorbed by the insects? Hanman (5) placed nobÍIe antl non-mob1le insects

on identical D.Ð.fr.-treated surfaces for ctefinite periods of timeo The

rate of paraLysis for mobile and lrunobile roaches was practieally td.enti-

eaL and Hamman eoneludes that roaches pick up some of the D.D.Í[. while

lyin8 on it. In vlew of his results, the activíty of the insects used

ln this study was not restrieted during exposure¡

msutts

The ¡esults of the experiments are Bresented in tabular forrûc

fhe data for induced mortality ln the prellminary test, and Erperimeats

A, I and. 0 are shorv¡r in llables II, IfXr;,Il åäd,,,V respectively. îable fI
shows that the mortaLity of the fenales ls conslderably higher than that

of the nales when both sexes are exposed to equal arnou¡rts of ÐBDpT. res i-
dues for equal LengtTrs of tlme, In ExBerÍrnent A the perÍod of exposure

for the fenales was shortened and the a¡nowrt of D.Ð.1[.for the males was

lncreased as ind.icated in Sabl.e I" Eowever, rêsuLts slmllar to those of

the preliminary test were obtained¡ namelyS that females were klllect much

more readiLy than males as a result of exposure to residual deposíts of
:-l:¿::!:

.::
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OVIPOSI$IOIV OF IRIBOLTI]M åFÍER qPOSI'TE fO ST'BI,ETEÂT, ÐOS.å.GES OF TIIIII. IESIP A.

Perioel after
exnosìLre. d-avs

Soth Sexes
treated-

Malès
treated.

Fernales
treated-

Ifei.ther Sex
treateô

Mean for period.

BÔ1

5"1
6,?
8"3

5c2
6oL
'l *2
6"6

'lo7
6o'l
'l 
"08"2

6*1
1;a
'l .0
'l+'l

l+2 6uV 1"V 6¿9

t5

Mea¡r for period

9"o
6a4
't*9
'1"9

6"9
,.8
'7 "'q^1

6"0
6e0
iu8
6¿0

6*7
6'.4
5¿].

'] *B 6"3 6t4 a¿é

2l

Mean for period

5"8
9,?
6.9
6rg

3"4
6¿6
4*9
5¿1

2to
5rI
5r4
6¿o

4o6
trË
5¿+
4.6

EO 5.0 9;6 o

2rl

lfean for þeriod.

5o0
]*0
5.8
6o0

2.8
4"0
5.o
4¿"1

5r6
4n0
6¿6

3ç5
4+7
1¿o
4¿6

4o? 4¡1. 5,4 9

,7

Mean for perÍod

I¡1
L*2
2*7
l-o5

oc7
Oa7
0oB
0.5

L+7
1.4
2r5
2¿0

0ol
o*B
0nã
0.5

L"5 005 1"8 0n4

19

Mean for period

5o1
7ç8
5ol
7¡9

1*4
7¡7
2oB
2"0

4"V
5¿r
5*4
4"6

,nt
7 +'l
2*2
2¿5

4¿5 ô.o 4,8 2

Mean for
total period t 2 Ê,o 4.-2total period I 5¡7

tr'ernales treated vs. lfla].es treated plO.O5

' Ðçuales treated vsr lteither Ser: treeted p<OrO5

l



TABIiE VII

qTIPOSIÎION 0F t*ttolr* ** t"tot,* * ETH.åJ., DOSÀGES OF DDE. ÍEST 3.

Period, after
exposure. dayg

Both Sexes
treated

Males
treated

!'emales
treated

Nelther See
treated

Mean for period

2o5
7,8
1n'l
2.6

5¿o
508
4"7
4.9

V¿7
4"1
4¡4
6 ¡'l

6¿l
5o2
5'9
5.2

3¿2 5rl; 4.8 o6

L4

Mean for Berlod

,Tú

,.?
6il
5c6

6r4
4.L
4.7
601

5.9
6.4
5{t
5.7

6.2
5o7
4.9

6.t 5¿7 5.? .4

20

Mean for periocl

6e?
6"4
6oo
5tl,

7t7
,.'l
t.8
6.5

'lr 9
6¿B
6$
4"8

6r1
5"7
6"4
1.L

6"I 5.4 6o4 .B

26
(îemp. zzoc.l

Mean for period

1i6
4.0
1.0
4.2

5.F
2o7
7.6
7.8

5o5
4.5
7tL
2.'l

4.8
2"7
4.L
5.5

V.7 7.8 t"9 4.

7z

Mea^r¡ for perlod

5o4
,5.?
,T$

5t0

6.4
4.8
4t4
7t6

4',5
5.O
4o5
4"I

6.,
4.8
6r1
4.8

EO 4"8 4"5 6

,8

Mean for period

8¡o
4.8
6"7
6.5

4¡L
5,0
4i0
V;'l

4.0
5e4
4"2
5.2

8o6
4"0
6"4

6"5 4-2 4.'l 6o4

Mean for
total period 5;7 4.8 o



[å3I,8 VIII

OVIPOSIEIO¡I OF *NT'OTT'¡¿ A¡'[''ER EXPO$'RE TO SU3tr,EEHÀt DOSÀGES OF DDT. EES! CO

PerÍod after
exposure. da

Soth Sexes
treated

MaIes
treated

Females
treated

Selther Sex
treated

Mean for perlod.

5¡8
2ç2
401
1.8

5.2
5¡2
,.6
4^',l

2ç9
512
5"7
5"8

5o'l
6.L
4.'
5"'l

4.0 4¡8 4.8 .4

14

Mean for perlod.

6oo
5"7
6&
5.2

6r7
4o4
5"7
6.t

4o4
'lçL
'1.6
7.1

5o8
4o?
5.9
6zJ

5r'1. 5.1 6-6 c

20

Mean for period

5o4
6"5
5¿z
5r6

7t2
6.L
5.7
7.L

5"o
'l'.4
'1.5
6"5

6.8
4n'
4..5
6"5

EN)a t 6¿5 6.6 a

26

Mean for period

6.'7
6.0
8.6
4.6

6,.5
4.7
'l ,6
1.6

6.9
7.9
702
+.9

6.'l
4"t
4.8
6"0

6.5 6.5 6.'l .4

,2

Mean for period

8¡0
6,9
6.1
4¿'l

9.0
6ro
4"'l
6.0

¡ro
IC 

'6t2
,1:L

5"V

9rB
4.?
4o2
?"8

6.q 6"4 6"6 6"'l

,B

Mean for periocl

5o2
4.?
1.0
5¿9

6r5
5.'l
6$
5.5

6.7
Bol
7,'6
5.1

6.9
5"5
9.7
6.t

5.7 6oo 6.9 6oo

Mean for
total nerioil 5.'J 6.o 6.1 o8

l;.r,..-.'
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D.D.Tr Bhese Tesu.lts are presented. in fable rrr¡ lrables rv and. v show

that mortality of the males and females were approximateLy equal. Etris

ü¡as accomplÍshed onLy by varying the dosage of D.D.IE¡ a,ïrd period, of ex-
posure so that the nales recelved rrueh larger amounts of Ð.D.S. tha¡r the
femaLes. fltre data o4 fecundity for,ExperÍments Ar B and C are shoïü in
[ables vl' vrr and VIII respectively. [he data on fertilfty for the

same three experiments are inctieateô ln Tables rx, x and xr respectivelyr
1 llhe data on fertiltty and fecundfty was subjected to statistical analysls

ln order to compare any varfatlons exlsting anong the four conblnatlons
of treatraents with s€x€go wherever slgnificant dlfferences are present
they are recorded as p varues in footnotes ber.ow the approprrate tabreo
slgnlflca*t d,ifferenees were observed in the data for Experiment å, as
Índ'icated in Eable Tr. |Erese differences were established between the
combination: fenales itt"at"¿ 

versìrs nales treated ,,oa ¡*t*u"; ;" "":binatl0n: females treated versus nefther sex treated., Írre results
show that when femares are exposed to residual deposits of D.D.Í[o, the
average number of eggs laid by tire survivors is higher than that for
tt¡e fenales of the control. groirp6 !ìntherrnore, it geems that t¡eatment
of nales has no effeet on the fecundity of the females. llhe rate of
ovfpositfon of groups of treated fenares and. of untreated fenar.es is
neither reduced or increasecr when either of these groups ls combined
with a group of treated' rn¿les. [he rate of ovÍpositÍon of the females
in the contror group' namery; the group where nelther sex is treated
ls considered as a normal rateo Íhis rate is used as a basls of com_

parison for the rates of ovÍposition of treated groupsr so signÍficant



IIT,BI,E T

}ER CENB VIÀ3ITIÍY OF EGGS PRODUCED BT TRISOTJII'II .A.F[ER ENPOSI'TE TO
SU3tr,EIEAL DOSAGES Otr' D.D.IIO TESI 3.

Mean for erioel

Mean for riocl

Mean for riod

Mean for iod

Mean for riod,

Mean for

Mean for

14

2A

26

t2

v8

ileither Sex
treatecl

70¡0
68"?
'14.'l
8o.o

'1-9 
"68g.z

8212
8t.

Bt.6

95"8
Br.g
Bl.4
Bg.7

89"1

8o.o
85o?
9214
9t

87.6
8z¡6
89 ¿6
'18"2

84.

B8ó4
gBog

86. 1
4

Soth Sexes | 3{a1es I Fenales
treatecl I treatetil treatetl

7Lc4
6? ¿9
6Lo,
5, "L

74s5
'la¿6
86o5

81¿6
8t.1
87Õ
9I¿8

84"9

'12.1
8'l ¿5
97 ¡4

84o2
9l¿9
94"8

84o 1
88¡6
79c4

78.1
85¡8
'19"4

total

rfod

Bv"6



IER CNTT VTAIITIÍY OF EGGS
SUBT,E[EAI,

Perlod after
ex

Meen for

Mean for

Mean for rioel

Mean for rÍod

Mean for ioil

Mean for

Mean for

![A3I,E XI

PROD'I'CED TTT ERIBOLII]M â'HTfER EXPO$'TE TO
0F Ð.D.1[. IEST Ct

L4

29

26

lVefther Sex
treated.

'10;0
9L.2
7r"4
90"

B1"z

810 6

8109
85{t

e9

84'2
'15t0
9o¿''l
89s9

84¿9

8l.o
Br;t
gg.5

Vz
75t?
86ig
85¡9
86¡ I

6-'7 ¿Z
79¿i
6'l*v
68

81,¿

t8

Both Sexes
treated

FemaLes
treated

65¿z
'16a0
54¿2

'l'l*2
76¡l
69¿'

17,.9
'19 i'l
78 ót
BB¿9

84.4
56¿'t
'lVt2

85o8
'17,8
8oó8

'lt¿o
82oo
86t2
B'ln.4

Bz 
"o9I.0

'15"?
69;z

61;z
59"2
72"7

78.o
70.0
78¿'l
76¿L

total 82.0



fÂ81'E XIT

EFFEC8 0N 0VIP0SI$ION 0F DIFI'ERENI' EXPERIIIE¡IIAL METHOÐS FOR EXPOSUÏE OF

, , SRIBoL|IUM T0 ,qUBLETHÂr, DosÀeES 0F DDT.
(uean numter ate)

Sxperinental
methods

rmil[SÍEN[S
SothlMales I Femalos I lVeithèr
Sexesl ootv I Oorv I se=

Means for
methods

Prel iminary
test

Means for trea
ment

6c?'l
6.18
4r47
4¿ 84

5.4L
6"08
4''gg
5.74

6"67
4olÙ
V.7'l
6. oo

4è42
5 n2'7
4.98
7,0O

5.6 5¿l 5ro 5.0 5o2

A

Mea.ns for
treatments

5.69
4Ò00
5.8 t
5r'15

7 "664,55
4.66
4.06

5"05
4¿J]/-

5"'lB
5.16

7.98
4" 68
V,8,
4.51

5Õ 4¿2 5o2 4.2 4o'l

B

Means for
treatments

5r6L
5ot,
5¿57
4.8'

5"85
4.28
4.2O
4.76

5i25
5¡V8
4i68
4.gg

6"4'
4"2L
5"66
5.'lV

5;7 4.8 5to 5.5 5"L

a

Means for
treatnents

6, 18

5r7o
6.zo
4.96

60go
5o28
5a5B
6.zo

5"55
6.gB
7.05
5.8L

6.95
5¡00
4.87
6a47

5"'l 6n0 6"V 5.8 5.9



få3I¡E rÍ
EEMCI OIq TIÀ3IT,IIY OF DITSEMIfT EXPERI}ÍENNAL MEIT{ODS FOR EXPOSUHE OI'

IRI3OïJIUM [0 SUBIiETEÀI' DOSAGES 0F D.Ð.f.
r c

Experimental
mthods

e¿t viåbílity6'ver total period for each repl-

II fREAT¡ÍEI{TS
Both lMaLes lFenales lSelther
sexes lonlv lontv ls""

rate )

Means for
methods

Prelinlaar':f

Means for
treatments

6r"L
6+eo
68"7
6'l ¡8

64+2
6A ¡7
5?.A
6516

67 
"+69ú

'lLø2
62"o

71o8
64"6
74ú
69 i4

65.8 6217 66i5 70.r 66.L

â.

Meens for
treatments

'18.25
77.L2
77 i28
68 ¡50

70'56
69 ¿L4
6"1;26
76ö80

'17 ,.62
80¿ ?0
'12n52
'17 ¿76

6z¡?a
69.54
72ô86
71.78

'11.t 7O.g 7l.L 'lo¿4 '12¿9

3

Means for
treatments

78òo
B1¡1
87rL
8Q¿2

Bzr6
72.9
Bz19
BSoz

B7"B
87,v
84rz
85"5

81 16
81'.L
85''8
8zi2

8o¿6 8009 85az 87¿6 82"6

c

Means for
treatments

'17ß
'7.]..6
72"2
']9.8

81e5
84¿'l
B'l oz
'16¿8

81*7
'l'l r7
7 2"'l
'16,î

'16'tj
B2¡ I
0r¿6
86i9

74.7 Br.0 76.9 8z.o '19:Q
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di.fferenees vtere obserr¡ed betvieen the çarious combÍnatlcns of treat-
nents aäd- se::es with rega:"d to viability" ln other v;ord.s, the eggs

laid by treated fe¡naleË &.re no môre or less viable than those laid.

by wrtreated fer,rales"

In Experi:neitts B and Ë no signif,i.eant differenees 1Â¡ere ob:

served beti¡r€en cc¡ibinatj.ons of, treated and untreated sexes, in eitSrey

the feeunclity or fertility dataa In boih experlrnents the rate of ot¡å-

pr:eitåon,rf the fenaLe eurrivors was neitheï reeluÕed nor inerease{L ae

a resËI t cf exposuve tc DuD"T' rte other: worcsu trre fert¿j-e sur'Ji1¡org

were not affected sr,-blethaLì-y* at least as far as reproduetion is eon*

0erned.

Tn a3.1 experinents the rate of ovi-posÍtion of treateC females

'¡¡å,s loi¡rer ii:.'che i.ni.tíaL counte than in a:ry subsequent cowrts" fhis
initiaLl5' low rate of ovipr:sitian -.¡Jas more eyldent in E.¡ne¡ìmenfs B anà

t thari ín Experirrrent A. Fur"bjrer u tlne eggs from these first counts

shcwed &, corrÉ$ponclir6'1y low,¡ vås,?:f llty.

fhe results cf the effeet on ovipositåon end. on viability of

dlfferent experírnentaS rnethods for erposu.re of lribcliq4 eonfr¡.s:¡¡a te

eublethaL d,osagee of, û"D,[ø å,re presented i:a sa]:les xTy and XV res*
pectiveS.y* Yhe data rqâ,s subjected to statistieal analyeis but no eig*
nfficant diff erenees -r¡üere observed among any of ti:re nrethods,

Thrc'ughout the rvhole investigatåon ari.posi.t$.on and vÍ.abiliff
of egts were -¡rr:t reduced as e result of exposing the parent fenales to
d.eposits 0f I),D"fø rêsidr.:.es.
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An examinatlon of the eïperimental data of lnduced mortality,

oviposition, and via'bilfty reveals that consÍderable varlation exists

åmong the replícates. Actual3.y there is no real discrepancy in the

resultssÍnce experinental condltlons and proced.ure have been different
in each c&sÊo Different concentrations of DoÐ.llo and. different lergths
of exposure were used in an effort to lnd.uce !o per cent mortaLity of
the test insects. rt ls possible thatn as a result of these expef,i_

mental chan€:eE the physiorogical responsee of the insects üt,ay have

changetl accordingly*

It is possÍble that more uniform results were not obtainecl

becauee certaln factors were not closely control.led, for enaïrple, the
faotor of movement. It wfll be renembered that the factor of rnovement

over s treated surface durlng exposure was not considered iraportant in
governing the amount of D,D.S, absorbed., |[his oonclusion was baseal on

the results of Eammarrrs work wlth cockroaehes (51. However, Ít rnay

well be that with sribollurn the factor of movement is important during;

exposu.re.

Íhe observed resurts on fecundity for arl three experiments

are different from those obtained. by other workers investigating sub_
lethal effects of insectlefdes (ft), (ta¡. Ehis study shows,, for the
first time, that treatment with D.D.l[. does not lower the rate of ovl_
position of an insect surviving the treaùnent¿ fn other studies of a
sirnilar nature, ovÍpositfon has been reduced, as a result of treatment.
[he differences in resurts are ríkery .ue to the differences in methods
and to the different sPecies ancl inseeticides useil by other investigators.

;.:.:.:::.
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A fer stat€ments coneeiting tbe flnclfugs of the stu.dy are m¿d.e la

ttre follerwln€: paragraX¡hg¡

|&e hlgher mortalitlee of tbe feuales of Írlbollq¡n confusu¡û lneti-

cate that thls sex is more euaeeptlble to D.D.II. regidues than the ¡¡¿l.e

wben both sexes are erBosed to equal çonoentratione of thls insectlcièe

for equal lengtbs of tfuae. In Experlnent A where concentratloa was in-
creased for the males, the females were kllleel more read.ll¡ than the

nales. [fbis result fi¡¡ther denonstratee the èiffereace fn eu.sceptibility

between tbe two sexes.

Ítre resr¡,lts of ExBerlment A wlth regard to feeundtty a¡rd fertlllty
show that treatnent of fenales is çorelatett wlth an increase(l num.o*er of

eggs. thle resu,l.t laùieates a relationship between doeage, mortality andl.

rate of oviposition of the femaLes¡ If the dosage andl. perlocl of expoeure

ls such that ¡reak femalee are sel.eetlvety ktlled, lt is logleal to assgl¡,e

tbat the Eurvlvsre conetltute a strong straln of lngeets. ÍIhese surrivors

lay eggo at their nornal ratee However, the rate of ovipositÍon of sueh a

select group may be hlgher than that for a eontrol group containlng both

weak a¡rd, strong fernaleso In a control group of this klnd the high rate of

ovlpositton of the strong, healthy females is masked, by the low rate of

oviposftion of the weak fernales¡ lBhe viabftity of the eggs laiËl by the fe-

4ale survivors is higher than that of the eggs laidl by the qontrol gronps.

flbls result is to be expected for it is obvioue that eggs }alô by sounlt

femalee woultl show a hlgh degree of viabllityo

Ia the hypothesis formulated for Experiment A tÌ¡e rate of ovlposftfon

of the fe¡¡ale survivors is congldereci to reflect the vigour of these survi-

vorsr &erefsre, the hígh numbers of eggs lalcl by the femaleE wbich survl- .
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veil exposure to Ð.D.Íf. are hlgb beeau.se these fenalee are eonslderecl to

constltute a select, reeistant group. It iuust be borne in nlnd., howeyer,

that this consid,eratlon ls theoretical and that nore extenslve sürdies

are requirecl to verify or disBrove lt.

In Erpertnents B ar'r{l 6 lt was obEerved. that the rate of ovlpoeltlon

of the fenale survlyors wae nelther slgniflcantly laereased or êecreasedl

as a result of exposure to D.D.l[r regidue, In other words, no sublethal

effeot uas raanifeeted. tsherefore, the reproductive firnstion of the fen¿Ie

surrl.vors u¡as not impatreô by dosages which kllledl apprcfmately ftfty per

cent of the expoeecl lnseetg. llTrese results seen to lnd.icate an Ëall=or-

noner effect of Ð.D.S.r that is¡ ff the lnsects are affecteit ts any great

extent by exposure to a çertain elosage sf D.D.!L tlley wtll clfe as a resu.It.

llhoee insectc that dto not die are probably resistant to that partlcr¡.Iar

dosagie. It ls log:ical to conclude that ln long tern control operatlons

more andl more Eelectlon occurs, resultir,Jg tn the developnent of a T¡ighly

reslstant strain of Sribol;f*u¡r. Llurlquietrg wsrk wlth houee flies (8) ane

related work (11 bas estabtlsheal that lnsect resletaaoe to insectici¿ee

oan be developed¿

In Experlmente B anal 0 the observeci results dlo not inôieate that

treated'fenalee have a higher feawrdlty ancl fertlllty than nntreated onesÒ

![fhe reselts as ln4icatecl in lf,ables.TlI anå VIII ghow that the rate of ovl-

positloa of tbe treated fenales ls the sarne aE tJrat of, untreateel fernalesc

lhe fecrrndity of fenales su¡Tivlng exposure to a rioea€ie of D.Ð,î. whioh

ktlletl approxlnately !0 per cent of the erposed insects ig not slgniflcantly

çh¡Fgedr
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å11 three experiments ghow tbat ovlpositlon is not red.uced as

a reqrlt of €xposure to E.D.l[o llhia fs a most inportant flndtng ln

vier of the poputar ooneeption eonoeralng the funstlon of lnseetlclelee¡

Generally speaking' the parpose of a,ri iasectlelde Íg to elinlnate

an insect popuration. Althowh they nay Eeem to reduee the numbers of

aclults pfesent, are they really accompllshirg their Ilurpose la ellninatlng

the total pspulatlon? Uhat of the egg populatlon? fnseoticides dlo not

achieve thelr putpose unleEa the adr¡.It survivors are affeetecl eo that

thelr fecunttfty is lowerecl. Às has been observed,, r¡nder certaln experl-

nental contiltlons the fecundity of adult fenaleE which survivedl exposure

to Ð.Ð.T. has increased.. In defence of lneectlcltles one nay say that the

vtablllty of the eggs proclueed by these fenale survlvors is ÉBrobablyn

Iorr. Eowever, ag thle study has ghown, the vlabllity of tbese eggs ls

not lowered.

![he reeults of all three erperlments suggest that l¡he level of

nortality is not lnportant in tteternlnlngl the number of egge laid by fe-

nale gurvlvorsr In Experiment A¡ for exa,mple, a low level of nortallty

was observed br¡.t the sutvlvorE shonect a hlgh feeunrlity. t¡r Experinents

B anrl C, although the level of mortaltty was higher, the feountttty sf

the survlvors was approximately the sane as that for F.rFerlment Ac

0æreaeon uhieh nay aceount for the cllfference ln regults betvreen

Erperfment A and Experlnents B ancl 6 ie the dlfferent doeage ancL exposure

useê ln each case. fn Experlnent A the females were treated wlth a I per
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sent eolutfon of D.Ð.181 but were exposeê for three h,ourso In the other

two experlmentE a 2.1 per oent solutlon of E.D.T¡ was useËl W the fe¡nales

were erl,oseit for only one Ìrourc It le ltkely that the groups exBosedl to

higher doeages f,or shorter perlod.g of tlne recelved more D.E.llo than the

grou.ps erposetl to lower êosageo for longer perlods. &1g nrlght erplata

why the nortallty of.femalee in Elperi¡aenta B ancl C ¡çag generally higher

than ln F.ï'erlnent Aò

It ts evirÌent that ooatrol of B¡l?olû¡n eonfu.qu+ by the use of

resl¿lual lasectioldes ie praetlcable only lf they are applieel fn saffl-
elentry large dosagee to ktl.l 95,pæ cent or nore of the lnsect pspula-

tlon preaent. Althorreh the results of the sttrcty with regartt to fecanôtty

are lnsonclusive, the dtata nay be lnterpreteê ae fndlcatl¡g that as far
as Eflboltun le eoneernecl treat¡aent wlth DrÐ.lfu at the !0 per aent 1evel.

does not change the rate of ovlposltion of the fen¿lee. Eowever, tf ary

change dloes oeeur, ft ie ln the direction of lncreasetl egg'productlon.

thls charage wr,s lncLicatect by one of three teots, that iEr Best ar rt ig

elgniflcant to note, howeYer, that the rate of oyiposltlon is aot redlu.eeel

as a result of treatment. tbls tnabtllty of D.D.IF¿ to lower the rate of
ovlposition of fenales erposed to it questlone the advisabllity of epplylng

resiclual lneectieldes where only a part of the inseet populatlon te lethally
affected.o

Ehe lnltially low numbers of eggs laitl shortly after treatment

nay posaibly Þe alue to an lnitlal paralytlc effeet of D.DelIo on the r€Bre-

ctuetlve apparatue of th.e fenaler Slnce suÞsequent cor¡nts ehowed inereaslngly

:a':::a.i
;1 r'..1 I
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hlgher fecundlty rates, tþ1s effeet, if preeeat, wes only temporarf,r

lBhe fertlllty of the fenaLeE was also affected as shown in the vi.abillty

d.ata. lPhe eggs laltl shortly after treatment were not only low in nr¡mberu 
,, , .,,

but aleo ¡uere of low vlabllity. lhle observatlon may eeern to eoartradllct

the posslbtltty of tTre ÈEIl or noneü effeet of D.D.lfo nentlonedl ear].ier¡

$re tall or nonei effect ltkely exlsts as a general over all effeot r, I , ,,,., ,

throughout tlre experlnent. It ls stlll posslble, however, to have sllght '' 
'' 

' "'l-"
, .,'..,i , ., 

'varlatlons ln any one perioil su.ch as the pertoel ¡aentlonecl drere the ¡,,,'.:1,,...:'
:

au¡rÞere of egge produgerl were lowo

Sefore a final coneluslon nay be äravm as to the slgniflcanae

of the eff,eete of gublethal ttosage of D.Ð.S. reslcluee on the eonfuseê
Iflsur beetle, a more extensive experlmental stucty le necessary. Srreh l

an exBerfmeat shonl.dt be carried out r¡nðer closely eontrolled eonditlons

eepeeially wtth regard to varlable factore. For example, the faetor of

movement may play a nore lmportant pert tn influençfug the a¡ror¡nt of f

insecticitle absorbert than at first reallzecL lBrerefore¡ to give more 
,,, ,, , ,

accurate results the teet lnseetg should. be innobillzed with ssme tnert, 
":'¡ 

'r"
'', ', i,,'tt,

h¿rmlese gas such as carbon dlioxicle cturing exposÌrre to a uniform deposlt , "
of D.D.IL In thie way the.amor:nt of D.D.ll. absorbed b¡r each insect ca3

be more closely eontrolledi.

Ihe hieh rate of ovtposltlon of the female sarvlvora ln Erperi-

ment A leê to the beLief that seleetiye kllltng occnæed elurlng trea,t-

mentr leavlng a strain of physlologieal.ly sound. fenales. |[bis Ï¡ypothesls

Eåy be verlfleê by settlng uB aü e¡¡leriment ú.ereby grou,ps of test fneeets

l1rl1:'1.'.iit:r-
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are exposed to ctifferent dosagies of D.D.[. residues for varying lengttrs

of time. lll¡e treated fnsects can then be separated. into groups súhieh

suffered ciÍfferent dlegrees of mortality, for exarnple, 25, 50,'15 and 9A

per cento tf selection of strong females d,oes occur then we woulcl expect

the highest rate of ovipositton in the group whieh suffered !0 per cent

mortallty and the lowest rate ln the group which euffered 2J per cent

rnortality. In the former groìrp all weak fenales are likely kllled as a

result of long erposu-re to large a¡nour¡ts of D.D.Ío f[he rate of oviposf^-

tion of the select survivors is therefore quite hlgh. lPhe latter group

likely eontains weak females beeause the 1ow dosage of D.D.Îl. or short

elçposnre period was not suffiefent to kllt all the weak females" In

this group the over-all rate of oviposition is lower than that of the

select survivors of the former group because of the presenee of weak fe-
m41es. Íhe lower rate of ovlposltion of these weak femalos can lower

the rate for the group ag a wholeo Oonsequerrtly, the high fecundity of

the strong females is not apparento

Àpproachlng the problen from another d.lreetion, sn experiment

nay be set up as folLowsc Ïfale and female adu]ts of Erlbolir¡m coqfusum of

constant a€e can be patretl and reared in separate vials. lltrese can be

observed. for ovipoisition over a period. ana arranged into three groups on

the basís of rate of oviposÍtion as follows ¡

FtouB I showing lowest rate of ovlposition¡

GrouB II shor,vlng an lntermediate rate of ovipositf.on

Group III showfu¡g highest rate of oviposltlon
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lEhese tbree groups ean be exposed to ldentlcal êosages of Ð.D.1[. reglclue

for the sarae lergth of tlne and observed for the tlegree of nortality 
,.. 1.

that 1g induced. If the hypothesie is comect, the lowest nortaLity will
be observeä. ln OrouB III¡ beeause, aoeordtng to the þpothecls the fenales

of thls group are conslcleredl to be a eelect group of phyeiologically sounrl 
..,..

lngects. By the sane llae of reasonlng vue would erpect the htgheet mor- - ,

j.

taltty to be inducedl in Êroup I. ,::.::l

Llatlqulst and lflllson bave ehornû that a reslstant gtraln of heuse

fllee oa¡. be developed as a result of exposure to D.D.ÍF¡ {8). flle posslbl-

tity øf tleveloplng etralns of D.D.!l. registant flour beetles has been

suggested ln view of the results s3 a¡perlmént A. llhether or not resistance

ts Ð.D.8. ls actually developed ty fiour beotles anel passed. on to subsequent

generatioas ls nnknovrn. [the questlon oan be answeretl by setting up an ex-

perlnent dlesignetl to test the resietanee of flour.beetles to D.D.![. Aetulte

of Srlbollu.m ean. be erposed to D.D.!I. residuee of hnown coneentratlsn for a

hnour¡r perlotÌ of tlme to lndluce l0 per eent mortality. Ifter a few dtayo the

survlvore ce¡r be extr)osed r¡ntll !0 per cent mortallty 1g lnduced, þ varying

elther. the coneentration of D.D,llr o! the perlod of erposrÀrso If either of

theee t¡ço faetors has to be lnereased ln order to kill 50 per eent of the

insects, thea theee Ínsects nnrst be consldered as having tlevelopeil a resls-

tance tE D.ò.[. tlrrth,er, the erperlment nay be extendeô to test the resls-

tance of the Brogery of treated adults. Eggs Laid by feroal.es nhieh have

surviùed treaùnent san be allowecl to d.evelop into second generatlon adults¿

llhese a,ilults ean be exposecl tg Ð.D.ff. reEld,ues. If tt 1g neeesgatTr to us€

hígher concentratione or to expose them for longer periods than the parents,
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the¡ the progieny rmrst hå,ve d,eveloped a resistance to Ð.Ð.0r

Pendin€: furtiher investigatlon into tbe problem of gtrblethal

effects of Ð,E.|P., lt woultl not be dtesi¡able to draw too nany elefialte
conclusions from the dlata pregented. A few statements conc€rnlng the

effeets of su'blethal' elosåges of D.D.n. on flribollrr¡n have beea n¿de but
the neecl for fr¡¡ther Etud.ies on the subject is cr€arr

sTfirrrånq

å. laboratory strrdy was. oamledl out to ctetetrÍne the su.blethal

effeots of, D.D.8. resirlueg on tl¡e confused. flour beetle. Eest €Ðou.ps

qf nal'es andt feuales were expoeod separatery ts r¡nlform deposlts of
D.D.II¡ residues for a suffieient Ie¡rgth of tlne to indtuce !0 per cent

nortallty. lBhe $rrvivorE were patredl ancl agsesseil for Arblethal effect
by means of two oriterla, aa,nely¡ the rate of bvlpositlon of the females

and viabllity of the eggs produoedl by these femaLes. Ehe exBeriment was

cleglgnecl to determine the effect, tf any, 9n the reproductlve ablllty of
elther or both sexes of $rf.boltupo rlhe rate of ovlpoertion (feeundtty)

anil the viabllity of eggs proôuced (fertil.ity) of üre fenale su.rvtrory

was observetl periodfcally over an lnterval of almost 40 ttays. Reeordts

sf êata lvere tabulatect anet snþieetedl to statistlcal anaþstsr

llhe prlnclBal flnclrngs of the study were as for.lows:

lç Fen¡Les of $¡lboltu+ qonfugun are rm,ch more susceptible than nalee

to cleposlts of D.Ð.1. residue when both sexeq are expogeci to eqrral

closages for eqrral lengthc of tlner

i,.
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2o fhe flrst couats of ovlposltloa ehow tbat the rate of ovlÍþsltlon

le cousiêerably Loner thq¡r that for sabeequeat eounts" Ehis le
probably dlue to aa lntlal ¡nralytlc effect of D.D.,f. e¡ ühe repro-

ductive apparatus of the fenale. llhe eggs obtalaedl fron these

cor¡nts are of lm vlabillty.

3. llreatneat of nalee has no effect on the fecunålty a¡il ferttltüy of

tbe fenalesr

Ilo Ovl¡lositlon ls aot slgnlficantþ redluced ês a result of treatment

qlth D,D.B. llhe fectrnd.lty of fenale sì¡¡rvlvors uay te hlgher und.er

certaf.n ex¡rerfmental cond.ltlons, but Lt ls never lower th-n,the

fecuarlity of unexpoeeil fenales.

5. Suggestlons are nadle for fhrther studles ôesfgneil to test tbe

bypotbesls that seleetive killtng of lndtfvlttuale oceurs nhen

Lueects ere erlrosed. to restitual ileposlts of I).D.lf.



(1)

(2)

=18 - l

BIBf,trOGRåPHT

Anono Controlling flles with BHC. Agrlcultural Chemicals

1!t Voc ApriL, lg79¿

Gottonr R. ÍP., J. Cr Frankenfeld and S, M. Dennls¡ Residual

sprays for use agalnst the confused. flour beetle¿ Report of

the agricultu.ral Research Administration, Bureau of Entonolory

and Plant Qrrarantine¡ U.S.D.¡t., E-766, Decenber, I!48.

çt Cristol, S. J¡¡ R. å. Hayes anð E.

of prp D.D.D. i,n technieal D.D.[I.

lJ z 410-2i I9a5¿

I¡. Eall. er. Determine,tlon

Indo Engc Ghemr, anôl. êd.

(4)

(6t

$t

Grayr E. E¡ Ehe bíology of the flour beetle, contrlbutlon

ño. ZiJl, Division of Entomology, Sclence Serviee, Department

of Agriculture, Dominion of Canada.

Ilammaî, R. E¡ I'actors invol.ved ia polsonÍng Gepan roaches by

exposlng them to surfaees treated with chlorinated. hydrocarbonsç

Jourtr¡ Scon¡ Entr 4 (rl ¿ 5L6 - U¿ l.g48.

Eewlett' P' se f,he desÍgn and perfor[Ìanee of a¡, atomizing nozzhe

for use with a spraying tower for testlng riquid lnsecticides.

Ann. ApB. 31o1, 77 z JïJ. Lga6t

Kenneèy, J. S. &e excitant and repelLent effects

of sublethal contacts with D.D.T. ErlI. Entc Rêsc

6o7i L?46c

on mosquitoes

t7ß1 t597.

nt



(B)

-V9 *

[indquist, A. 1ll. r âDd. E. G. Tlil.sonc Development of a strain of

house flies resistant to D.D.lf. Scienceo 10? : Z,l6-,le Lg4g.

(91 Park, îhomas r aad ilÍ. B. Fra¡rkr ÍÌre fecr¡nd lty and d.evelopment of

the fLour beetlest fribolir¡m eonfusum and rribo],iwr eastaneurû, at

three constant temperatureso Ecology 2g ßl ¿ j6B - 74. July

tg48.

(fo¡ Park,'l[. Ehe biology of t]re flour beetle. Que,rterly Review of
' Bfology" / t 76 - j4. tgV4.

(11) Plumner, C. C.r and Baker. Effect of subLethal dosages of tartar
emetic on the Mexican fruit fly. Journ, Econ. Ent. ig (61 ¿ 77i-
80. 1946.

( 12l

(Lrl

SrnalLnan, 3. N. Besiduat insecticides for

beetles in eereal *"""noo""". Journ¡ Econ.

8'14. Dec. I948o

tJre control of spider

Ent. 41 (61 2 869 -

fattersfield, F. and C. potter. BiologÍca]. nethods

the lnsecticldal val-ues of pyrethrum Breparationso

3io1. ,0 (,71 ¿ 259 - Tgt L941.

of determining

Ann. ABI¡1I

(re¡ Benbet, J. lf¡ Effect of sublethal. dosages of pyrethrum on the

oviposltion of the cigarette beetle. Journc Econ. Entc 40 s glo

t? ',to

t:




