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INTRODUCTION

Since the object of insecticide research is to kill insects, the
usual criterion of imsecticidal effectiveness is the mortality suffered
by a group of test insects. However, mortality represents the gross
vhysiological response of the insects to the insecticide and is merely
- the resulbant end effect éf g complex series of physiological changes.
This preoccupation with mortality has tended +to diverst attention from‘
the poséibility of>physiologicai effects other then death, The present
study is an experimental investigation of the sublethal effects of
insecticides. More specifically the study is concerned with whether or
1ot D.D.Te gpplied as & residusl poison can exert any physiological
effect which is normally overlooked because of the preoccupation with

cinduced moritalitys

Residual insecticides are being used increasingly in insect control
practicese In practice, meny difficulties are encountered in attempts o
appiy uniform deposits of insecticidal sprays over an~area to be treated;
For example, part of the area to be sprayed may be inac&essible or the
treatﬁent may be spotty and haphazard. It is quite probabie thén, that
many insedts moving over such a treated surface may not r@éaive a iethal
dose of the insecticide. Or agzin, it is possible that some insects ney
not remein on a heavily treated ares for a sufficient length of time %o
receive a 1ethal‘dos¢. In any case such insects must be regarded am
having réeeived sublethal dosages of the insecticide, The control of
insects in the chemical trestments mentioned is usually assessed in terms

of mortality, that is; total number killed as s direct result of exposure
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to a lethal dosage., However, mortality data does not take into account
those insects which have received only sublethal dosages, The question
arises as to whether there are any effects less than lethal which can
show that control by the use of insecticides is extended beyondbthat
indicated by actual mortslity. For example, if it can be shown that
adults of the confused flour beetle exposed to sublethal dosages of
D.DeTe lay significantly/fewer eggs than normal adults, then the control
of this insect is better than indicated by the mortality~déta”from lots
of test insects. If a D.D.T. residue kills 507. per cent of the insects
exposed to it and the sublethal effect is such that the number: of eggs
deﬁosited by the survivors was reduced by 50 per cent, then the total

effect is equivalent to a 75 percent reduction in population.

On the other hand, if a test group of insects, chosen at random,
is exposed to D.D,T, residue so that the more susceptible ones are killed
off, then the survivors are, by this selective killing, a more resistant
group. ‘This more resistant group likely consists of hardy, vigordus; and
physiologically sound insectss Furthermore, if the female survivors of
this group lay eggs at their normal rate of oviposition, it/is iikely
that the fecundity for such a select group would 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
ﬁeaker females. A finding such as the one described, where a residual
insecticide selectively kills off the weak members of an insect popula~
tion would not spesk well for the use of residual insecticides as a

means of insect control.
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It is clear that a demonstration of the presence of physiolo-
gical effects other than death is important in the field of insecticide
research. Such effects may be manifested in a disturbance of the physio=~
logical function of the genitalia and conséquently be reflected in the
fecﬁndity and fertility of +treated insects, The possibility of two

opposité effects as a»result of exposing insects to sublethal dosages of

D.D;T; has been.suggested; The ;esults of f$hese exposures would be sig-
'nifiéant in either case, that is; where the rate of oviposition is either
increased or decreased.as.a result of exposures, On the assumption that
insects treated with sublethal dosages of D.D.T, do exhibit certain phy-
slological effects which are deviations from the norm, the writer will

propese to investigate these effects and discuss their significance,

Review of the Literature,

Although mﬁch is known about the effects of D,D.Te on various
insects, there are relatively few references in the literature on the
subject of the effects of sublethal dosages of D.D.Te Most work in the
field of insecticides is_ghigfiy concerned with the effectiveness of the
insecticide as an insect killer, This effectiveness would. be reflécted

in mortality data. Vefy few suggest the poésibility of sublethal effects

Recent reports have appeared in the literature which indicate
that insecticidal treatment in sublethal dosages lowers the rate of ovie
position of the survivors (11) (14), 1In 1946 Plumner and Baker (11)

carried on a laboratory study of the effects of sublethal dosages of



tartar emetic on the Mexican fruit fly. Flies that ingested diets cone
teining tartar emetic laid significantly fewer eggs than flies not given
that materia. The percentage hatch of eggs was lower but the percentage
of collapsed ezgs was higher when tartaer emetic was included in the diet,
In 1941, Tenhet (14) tested the effect of sublethal dosages of pyrethrum
on the oviposition of the cigarette beetle., Test insects in tobacce
warehouses that were exposed to spray did not lay as many ezgs as d4id un-
sprayed beetles, Adults were found to be resistaﬁt to pyrethrum. XKnock-
down was rapid but many recovered. Beetles which survived exposure 4o
pyrethrum=0il spray consistently deposited fewer eggs than untreated
beetles, the difference ranging from 25 %o 68 per cente On an average
beetles not exposed to spray deposited more than twice as many eggs as
surviving beetles that had been exposed. How sublethal dosages reduced
oviposition is not known. It is known that pyrethrum tends o paralvze an
insect®s appendages. A partial peralysis often persists indefinitely,
even though the insect may recover sufficiently %o fly and crawle. Tenhet
suggests that the failure to deposit eggs may have been due to parelysis

or partial paralysis of the genitalia.

Kennedy in 1946 (14]), working on the excitant and repellent
effects on mosquitces of sublethal contacts with D.D.T. made some intere
esting Tfindings. As far as mosquitoes were concerned, once visible symp-
toms develop, death followss recovery from an early stage of peiscning
does not occur. He observed that mosquitoes exposed to sublethal dosages

of DeDeTo showed all the sympitoms up to, and including konockdown following
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contacte Yet these affected mosquitoés recovered within 24 hours and

lived in apparent health for a further 48 hours at least. Thus, in

view of Kennedy's observations, the appearance of all the characteristic:

D.JD.Te symptome short of death‘is no sure indication that the affected

mosquitoes are going to die,

Kennedy mentions some work done by Cragg (1945) who showed
that sheep blow flies alighting on a DJDTe treated fleece became‘sé
excited they could not oviposit, If they remain on long enough they
obtain & lethal dose. The object of applying D.D.T. is to prevent ovi-
position and this objeet is achieved through‘the excitatory action of
sublethal doses of DeDeTe  Smallman (12) in 1948 found that cotton
sacks treated with B,D.,T, offered a high degree of protection for the
enclosed flour against spider beetles. D.D.T., and ceftain related com-
pounds act slowly to kill insects, and female spider beetles could have

“ample time to 1ay eggs before becoming affected thrqugh contact with the
b.D.Te How, then, does the D.D.T,‘function in protecting the sacks?
Smallman attributes the protection offered by the treated sgcks to an
excitatory repellent action of D.D.T. on the spider beetles. Smallman
mentions the work of Thomson (1947) in which the suthor suggests that
surfaces treated with D.DsTe have an irritant effect on anopheline mos-

quitoes preventing them from resting on treated surfaces‘10ng enough to

absorb a lethal dose,

There are cases where insects have developed a resistance to

D.DeTe due to selective breeding of survivors of treated insects,
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Lindquist and Wilson (8) in 1948 carried out a series of tests resulting
in the dévelopment of a strain of houseflies resistant'to D.D,T. They
used 14th generation flies and the results showed average mortality 1n‘
gseveral tests_was 69 per cent for regular sitock and %4 per cent for
special stock., This special stock had been reared from the survivors of
exposed flies 14 timess The data of these two workers showed that selec-
tive breeding produced a strain that was’more resistant %o D.D.T, spray than
were the flies from the regular stocks The findings of Lindquist and his -
co-workers led other workers to carry out similar testsfl). Questions were
raised as to whether or not some detrimental factor may have been instru-
mental in obtaining the results observed by Lindquiste. - Such a factor as
deteriorated D.D.Ts would-lead to the false conclusion that the insects
~ were de#elqping a resistance, Therefore, the studies carried out after
Lindquist's work were designed to confirm the results obtained by Lind-
quist. Léboratéry and field studies showed that the primary cause for
failure of D.D.T. residual sprays to accomplish satisfactory fly cont;ol
was the development of fly resistance fo D.D.T. and related materialsg
This resistance to D.D.T¢ has developed to such & magnitude in some of
the fly strains collected that it was virtuslly impossible to obtain 100
per cent knockdown and kill of:’ the flies by means of residual D.D.Te

spray treatmentss

In summary it may be stated that bioclogical effects other than
death have been observed by some investigators. Those studies which show

that the sublethal effect is a reduction in the rate of oviposition



suggest that the insects were weakened by exposure to the insecticide,
However . those studies which show that a resistance factor is built up,
éugges% e selection of stronger iﬂdividuals and g demonstration of an
"all or none® effect by the insecticide,

Although most of the literature on the subject deals with
subleﬁhal effects of certain insecticides, none of the investigators
have designed their experiments to take into account the difference in
sublethal effect between the males and females. ?hé present study,
therefore, was undertaken not only %o demonstrate the effects of sub-

lethal dosages of D.D.Ts residues to adults of Triboliuwm confusum bub

also to disclose any difference between the sexes when test lots of
this species were exposed to sublethal dosages. To demonstrate this
difference, if any, an experimental design was employed which used all

possible combinations of treatments and sexes,

EXPERIMENTAL PROCEDURE

Design of the Experiment.

The experiment was designed to determine whether>exposure
to D.D.Ts had a sublethal effect on either or both sexes of Triboliunm
confusum which would be reflected in the fecundity and fertility of
this insectﬁk‘RepraénctiQn is a sensitive indicator of any unfavorable
factor in the environment of insects. The sublethal effect of insecti-
¢ides on the femalé may be determined, therefore, by assessing the fecund-

ity and fertility of treated femsles of Tribolium. TFecundity is a measure of
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egg production or rate of oviposition and fertility a measure of the per-
centage of eggs, laid by treated females, which hatch into first instar
larvae, The fecundity and fertility of freated females can be compared

to the fecundity and fertility of untreated females thus affording a com-
parative method of measuring sublethal effects. However, the reproductive
ability of the male may also be affected, and this effect can only be de-
termined by pairing treated males and untregted females as well as untreated
males and treated females. The experiment was designed to provide all com~
binations of sexes with treastments. Since differences due to treatment of
adult beetles with uniform deposits of D.D.T. residue were expected to be
small, adeguate replication and o design suitable for statistical analysis

was necessary in order to test the significance of observed differences,
The design of the experiment is indicated in Tgble I,

Four separate tests were made designated preliminary, A, B, and
©, Certain variations and modifications in experimental procedure were in-
troduced in each test for reasons which shall be discussed. Tests B and €
are duplicates and therefdfe, their results are directly comparsble, Each

test is replicated fbur times for each combination of treatments and sexes.

Technique employed in the Preliminary Test to Attain 50 percent Mortalitv.

A preliminary test was carried out to determine the amount of
D.D.Ts deposit and the length of the exposure period necessary to kill

approximetely 50 per cent of the test insects, This percentage was arbi-




DESIGN OF ENTIRE INVESTIGATION

TABLE I

Combinations

Testg¥

Preliminary

Treated nmales
and

treated females'

Treated males

and
untreated females 30 | 30 30 | 30 25 | 25 Q 251 25 Q
30 | 30 30 | 30 25 | 25 25 | 25
30 | 30 30|30 25 {25 3 25 1 25 3
Untreated males 30§ 30 30 130 25 125 25125

and

treated females

SeXes.

A = 1% DDT-acetone vol. d-4ml/4plates, 9-5ml/4 plates, exp. & 4 hrs,

) Q- Bhrs .

B - 2.5% DDT-0il, vol. 3ml/plate, exp. ¢ 3 hrs., ¢ 1 hr.
¢ - Same as for B.

TREATED PLATES

Shaded.

UNTREATED PLATES

Clear.

| | 30 | 30 50 [30 | |[25 [25 | M[25 |25 ],
Untreated males 30 | 30 30 | 30 25 |25 25125
and
Untreated females 30 | 30 30 | 30 25 |25 9 25 125 0
30 | 30 30 | 30 25 |25 | |l 25 |25
E
* Preliminary - 1% DDT-acetone vol. 4ml;/ 4 plates, exp. 4 hrs. both
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trarily chosen as a convenient measure whereby the survivors could be ex-

amined for sublethal effect.

Prio: to the preliminary test, randomAlots of test insects
’taken from the cultures of the Stored Product Insect Laﬁoratory, Winnipeg,
were_exposed to residual deposits of D.D.T, on glass plates, Mortslity was
controlled by varying either the time of exposﬁre or the concentration of

D.D,Te Various concentrations and exposure periods were used in the tests

to achieve the desired moftality of 50 per‘eent. After considerable experi-
mentation, reasonable control over mortality was obtained, However, when
sexed beetles were exposed to D.D.T. residues separately, as was done in the
preliminary test, it was observed that the females suffered higher mortality
than the males. This observation is shown in Table ITe The sex of the dead
beeties-was determined by appying,geﬁtle pressure on the abéomen with a |
spatula causing extrusion of the genitalia, The presence of aﬁ ovipositor
indicated a female, In this manner it was shown that most of the dead beetles

were females,

The main object of the preliminary test was to secure 50 per cent

mortality of both male and females of Tribolium when exposed t0 D.D.Te fesi-
dues; In this test a 1 per'cent solution of D.D.Te in acetone was used as

the spray liquid. Acetone was adopted as the D.,D.T. carrier on account of

its high volatility and excellent solvent properties for D,D.T, Four milli-
liters of this solution was used to spray a set of four glass plates. Both
sexes were exposed to g D.D.T, deposit on the plates for the same length of

time, nemely, 4 hours, The reason for exposing test lots of both sexes to
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equal dosages of D.D,T. residue for equal lengths of time was to keep the
conditions of treatment equal. This procedure led to the results indicated

in Table II.

The higher mortality of the females and the difficulty of in-
~dueing higher mortality of males made it necessary to introduce modifications

and variations in the experimental procedure, Concentrations of D.D.T. that

" killed 50 per cent of the females would not kill 50 per cent of the males,

‘Concentrations which did kill 50 per cent of the males killed 95 per cent
or more of the females, . Hence, changes in technique was necessary to bring
~ the mortality of both sexes closer to 50 per cent. The variations and modi-

fications in experimental technique included the following changes:

l, formulgtion of -D,D.T.

2., concentration of D.D.T.

3. volume of D.D.T.

4; length of the exbosure period fér males and Females.
Phese éhanges were intfoduced iﬁ Experiments'A; B,'and c és'indicated in

Table I.

Techniques Employed in Experiments A, B and C to Attain 50 Per Cent Mortality.

In Experiment A the period of exposure was 3% hours for‘females

and 4 hours for males, The exposure time was decreased in an effort to

reduce the per cent mortality of females from 80 per ecent to gpproximately

50 per cent. The volume of D.D.T. solution sprayed on the targets on which
males were to be exposed was increased from 4 ml, to 5 ml, These modifica-
tions broﬁght about some improvement és evidenced by the lower mortality of

females in Experiment A. However, the mortality of males was still consider-



IEVEL OF INDUCED MORTALITY, AND MORTALITY DURING TEST PERIOD.

TABIE III

EXPERIMENT A.

Treatment Induced Mortality, 4 | Number of | Mortality during test, %
original .
Males Femsles pairs Males Females Total
10,0 2343 23 0 0 0
Both Sexes 646 3646 19 0 343 33
10,0 50,0 15 0 C 0
666 5343 14 0 0 0
Mean 843 4048 1747 0
20,0 0 24 3463 0 ' 343
Males Only 2343 0 23 0 646 646
1656 0 25 0 0 0
1646 343 25 0 353 353
Mean 191 048 2442
3,3 30,0 21 0 0 0
Females Only 0 5040 15 343 0 3e3
0 : 6343 11 0 0 0
0 4646 16 0 0 (o8
Mean 0.8 ' 4765 157
3.3 343 29 0 3.3 3,3
Neither Sex 0 343 29 343 0 363
0 : 343 29 0 0 0
0 0 30 0 343 33
Mean 008 205 2953




TABLE IV

LEVEL OF INDUCED MORTALITY, AND MORTALITY DURING TEST PERIOD. EXPERIMENT B.

Preatment Induced Mortality, % Number of Mortelity during Test, %.
o original
Males Females pairs Males| Femsales Total
. 56 36 11 0 0 0
Both Sexes 52 44 12 3 2 5
60 36 10 0 2 2
40 52 12 1 0 1l
Mean 52 42
44 0 14 1 0 1l
Males Only 40 0 15 0 1 1
64 0 9 1 0 1
36 0 16 0 0 0
Mean 46 0
0 48 13 1l 0 1
Females Only 0 52 12 2 0 2
0 44 14 0 0 0
0 44 14 0 1 1
Mean 0 417
0 0 13* 0 0 0
Neither Sex 0 0 13 1 2 3
0 0 13* 0 0 0
0 0 13* 1 0 1
Mean 0 0

# half the numbers of pairs of controls used




TABLE V

LEVEL OF INDUCED MORTALITY, AND MORTALITY DURING TEST PERIOD, EXPERIMENT C,

Treatment Induced Mortality, $ | Number of
original
Males Femal es pairs Males Pemales Total

+48 52 12 2 0 2
Both Sexes 40 56 11 1 1 2
36 60 10 - 0 0 0
32 52 12 0 1 1

Mean 39 55
44 0 14 1 0 1
Males Only 36 0 16 0 0 0
60 4 10 1 0 1
%6 0 16 0 0 0

' Mean 44 1
0 48 13 1 0 1
Females only 0 68 8 0 0 0
0 52 12 0 0 0
0 52 12 1 1 2

Mean 0 - 55
0 0 13 0 0 0
Neither Sex 0 0 13 1 2 3
0 0 13 3 3 6
0 0 13 1 0 1

Mean 0 0

¥ half the number of controls used




ably less than the regquired 50 per cent. The mortality data for Experiment

A is presented in Table III,

In Experiments B and € further changes in technique were employed,
These changes included the use of a different D.D.T. formulation, a grestly
incréased concéentration of D.D.T. and further variation in the length of
the éxposure‘period for the males and femsles. The new formulation of‘D,D.T.
used was a 2.5 per cent solution of D.D.T. in numbér 9 Imperial refined oil
(decdorized kerosene), The solvent was changed from ascetone to refined oil‘
for the following reasons:
1z Repid volatilization of the acetone as it left the spray nozzle may have
resulted in the suspension of D.D.T. particles in the air, and prevented
maximum deposition on the targets

2 An oil solvent is commonly used for practical control work.

An increased concentration of D,D.T. was necessary to induce higher
morvality of males. Further, increasing the concentration made it possible
to decrease,the period of exposure. Decreasing the period of eprgure
was considered a desirable feature. During too lengthy en exposure some
insects may move about more actively than others and consequenfly:abéorb
more D.D.Ts than the less active onese The 245 per cent solution of
DeD.Te in o0il was satisfactory in inducing mortality approximately close
to 50 per cent for both sexes, In Experiments B and C each targe£ to be
treated was sprayed with 3 ml. of the D.D.Te - oil solution. The females
were exposed fér one hour and the males for three hours., These twofdupli-

cate experiments B and C are comsidered to provide the best measure of




sublethal effects since the induced mortality was more uniferm between
sexes and within test groups of the same sex. The mortality data for

Experiments B and C are presented in Tables IV and V respectively.

In 211 four experiments the test lots of untreated insects were

- exposed to targets sprayed with the solvent only.

Preparation of para para D.D.T.

Technical D.D.T. is eomposed of a group of“isomers of which the
pgra para. isomer shows the greatest 1nsecticida1 activity. Pure para para
D.D.T. was obtained by the purifieation of technical grade D.D.T. after the
method of Cristol, Hayes and Haller (3) by réfluxing with 75 per cent
ethanol. The hot solution thus obtained was filtered through a Buchner
funnel which retained all mecha.n:lcal 1mpurities. Upon cooling, the filtrate
recrysta,llized into para para. D D.T. while the other isomers remained in
solution in the alcohol., After five sepa.rate refluxings and five reerystall-
izations the pure para para isomer with a me};‘{;ing point of 105 - 107 degrees C.

was obtained,

The amount of D.D.T. prepared proved ingufficient for all phases
of the work so a sample of pure para para D.D.T., melting :point, 105 - 107

degrees C. was procured through the courtesy of a commercial chemical

~Tribolium coﬁfusﬁm adults were reared from pupae under carefully

*. Naugatuck Chemicals Ince




w 15 e

controlled conditions of temperature and humidity. The sex of the beetles
was determined by the method described by Park (10). The only reliable
external sexusl characteristic for any stage is found in the pupal stages
The pupae were placed, ventral surface up, on the stage of a binocular
nicroscope and examined under low power, On the ventral surface of the
posterior terminal segment, the femsle has a pair of small appendages
appearing very much like miniafure mammary glands. These appendages aré
reduced to indistinct elevations in the male, The insects used in this
study were separated into meles and females on the basis of this charac-
teristic anatomical difference. The pupae of each sex were reared separ-
ately in large pyrex baking dishes containing a standard foeod medium‘méde
up of 95% whole wheat flour sifted twice through a number 60 wire mesh
screen and 5 per cent finely powdered brewer's yeast by weight (9)s The

: yeast was thoroughly mixed through the flour'so that all parts of tﬁe mix=
ture were the same from the standpoint of nutritional value. Only the
sifted flour was used in making up the food medium. The purpose in separa-
ting the bran from the flour and using only the sifted portion was to faci-
iitate the separation of eggs and first instar larvae from the flour., It is
obvious that the presenceé of bran would make the task of séparating the

eggs or tiny larvae virtually impossible.

Experimental conditions of temperature, humidity and age of
insects were controlled as closely as possible, The temperature and rela-
tive humidity were maintained at 28,5 dedrees C. and 70 ~ 75 per cent res-

pectively (9) {10)s Temperature has a marked effect upon the number of eggs
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laid, whereas, relative humidity has very little effect on oviposition. (4)
Increasing the temperature causes increased egg production. Temperatures
higher than 34 degrees ¢, cause a marked decrease in egg production and at
about 38 degrees C. mortality of the adult beetles is high, Those pupae
which emerged over a 4-day period were refained and used in the study,

This procedure ensured that adults of as nearly constant age as possible

were used in the study. Females of Tribolium confusum begin to lay eggs at
a reasonaﬁly uniform rate about 3 weeks after emergence and continue at this
level of egg production for about two monthse Therefore, about three weeks

after emergence, the young adults were prepared for exposure o DeDy Te

T™wo other factors that could conceivably improve the ugiformity;
of response to the D;D.TQ regidue are - prior starvatiqn and exposure at
- constant tempersture. Following the finding of Tattersfield (13) that more
uniform response is obtained after a period of starvation, the test insects
for Experiments B and ¢ were starved for 24 hours before exposureq¢ In the
preliminary test and experiment A the insects were exposed t0 D.D.Te at
room temperature but in Experiments B and C, the exposure was carried out at

28,5 degreesyc in the constant temperature cabinets Under these conditions

and that of increésed concentration the response of the test insects to the

D.D.To deposit was more uniform as indicated in Tables IV and V.

Handling the Insect Material After Exposure,

After the various test lots of insects were exposed to the resi-

dual deposits of D,D,My they were carefully introduced into wide-mouthed




glass Jars containing equal volumes of the standard food materisl,

Each test lot was placed in a numbered jar., The treated insects were
kept in the jars for a certain period of time during whieh mortality

of some of the exposed insects was induced. This period of time was

8 days for Experiment A and 7 days for Experiments B and C. It wes

. previously noted that after the sixth day any further mortality was
negligible; this being the case, it was felt that 7 days was sufficient
- for insects’té sﬁccumb to lethal doses of D.D,Tev The sex of beetles
which died Quring the course of the experiment was determined by gently
squeezing the abdomen of the dead insect and examining the extruded
genltalia. Knowledge of the exact number of males and females dead at

any given time was essential for the calculation of rate of ovipositions

After the exposed insects had been allowed 4o remain in
the glass jars for the required 7 or 8 days, the male and femsle survi-
vors were paired according %o the design indicated in Table I. For exe
ample, the survivors of replicate lot 1 (males) were paired with an
equal number of survivors from replicate lot 5 (females) or vice versa,
according to which sex suffered the greatest mortality. The paired lots
were placed in the wide-mouthed glass jars each cgntaining\an egual volume
of the standard food mediwm. It is obvious that the number of pairs is
governed by the replicate lot showing the higher mortality. The replicate
groups combined as followss 1 and 5, 2 and 6, 3 and 7, 4 and 8, 9 and 13,

etc. This uniform method of pairing was adopted in each of the four

experimentss Since each combination of sexes and treatments
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was replicated four times (Table I) and there are four such combinations,
a total of 16 jars was required for each individual experiment, The
four experiments of the whole study, therefore, required a total of 64
Jjarse Proper vemtilation for the insects confined in the~ovipositi@n‘
Jars was ensured by means of holes lf inches in dismeter drilled out of

the metal tops of the Jjarse These holes were securely covered with 60

mesh wire screening to prevent the escape of any of the insects during

their confinement in the jars., The oviposition jars were kept in a con-

stant teinperature cabinet at 28.5 degrees C. and 75% relative humiditys
At periodie intervals of 5 days the contents of esch Jar was sieved
through a 20 mesh wire screen which retained the adults, and a 48 mesh
wire screen which retained the 8888 ‘The eggs retained by this screen
were gently removed on toia black surface. The white eggs contrasted
against the dark”background faeilitated countings The eggs were counted
visually with the aid of a hand tally. The eggs were recorded as number
of eggs per female per day. The determinations for numbers of eggs were

made for 2 - day periodss

In some experiments (10), no attempts are made to eliminate

" cennibalism: the rateg therefore, are not, strictly speaking, absolute
fecundity rates but measure the eggs remsining in the population after

some have been eaten, In the present study the reason for taking 2-day

counts rather than weekly counts was to reduce this factor of cannibalism
as mch as possible without disturbing the adults too much, Thus, after
each interval of 5 days, the contents of each Jar was sieved as described

and the eggs laid during the 5 day period were discardeds The sdults were
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gently brushed out of the screens Then the sieved food, free of eggs,
was replaced in the respective jars and the adults added. The sddition
of adults to flour rather than flour to adults was an insurance against
injuring~the adult beetless After the adults were added to the jars
they were allowed to remain undisturbed in the temperature cabinet for
two days; at the end of this time the eggs in each jar were separsted
from the food medium and counted., These were recorded., This procedure
whereby the determinations were made at five-day intervals ensured

minimun disturbance of the adulbs,

In all sifting and transferring operations care was taken to
treat the insects gently so that they were not damaged, It was essentisal
to treat the insects gently during handling so that their physiology was
disturbed as little as possible, Injuryvto the inseéts might be reflected
in the rate of oviposifion end lead to erroneous conclusions., It has been
shown that shaking adverseiy affects oviposition (10), Iﬁ this study;
however, this disturbanée"factor is of no consequence because thé insects
are left undisturbed during the two~day period in which the recorded eggs

are laid;

The eggs obtained in éach determination were retained for
further observations on viability. These eggs were placed in new jars
desgsignated with numbers corresponding to those on the oviposition jars

whenee came the eggs,

Each of these new jars contained 50 ml. of the standard food

material. These jars were placed in the temperature cabinet for s period




~ has already been made of the two types of D.D.T. solutions used in this

of ten days during which the eggs were allowed to hatch into larvae,

At the end of the ten-day period the contents of each jar was sieved

through a 60 mesh screen to separate the larvae from the food, The
larvae were brushed out of the sieve on to a large sheet of white
paper. This sheet was gently tapped so that all debris and unhatehed
eges fell resdily into a receptacle leaving the larvae adhering to the

paper. The white'background caused the yellowish larvae to stand out

elearly and in this manner were easily counted. The debris collected
in the receptatle was re-examined several times to ensure that all the
larvae were accounted for. The number of larvae obtained from each

jar was recorded as per cent viability.

The D.D.T. Deposit

The study was designed so that adults of Tribolium confusum

would receive a sublethal dosage of D.D.T, when exposed to a dry D.D.T.
deposit. The purified pars para D.D.Ts was sprayed on a surface so

that & dry D.D.T. residue remained after the solvent evaporated. Mention

- study, namely, a 1 per cent sdlution of D.DsTs in acetone and a 2.5 per

cent solution of D.,D.T. in number 9 Imperial refined oil (deodorized

kerosene),

After obtaining a suitable solution for spraying, it was
necessary next to find a suitable surface which could be sprayed with
the solution and which would not absorb any of +the solution. The reason

for vsing a non-absorptive surface like glass is that the effectiveness
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of residusl sprays decreases with the increase in the absorptiveness of
the surface sprayed (2)., Glass was selected because it possessed this
non-absorptive property. lloreover a surface was required to provide
suitable footing for the insects, it was important that the insects re-
main on their feet throughout the period of exposure so that they could
be exposed equally on the tfeated surfaces, Fine sand-blasted glass
provided an excellent surface upon which the insects walked without

losing their footing. Several sand-blasted glass plates, each four

inches square, were made up and used as surfaces on which the D.D.T.
spray was deposited and the test insects were exposed.

The spray tower and atomizing nozzle (designed after.Hewlett

' iz. 1(a)

(6) )y used at the Stored Product Insect Laboratory, Winnipeg, Manitoba,
was used to spray the glass plates with the D.D.T, solution. Several
ﬁreliminary trials with the spray tower were made to test the replicabi-
lity of deposit and uniformity of deposit. In these trials four plates
were sprayed in one operation. A D.D.T.-dye-acetone solution was used

. when the ratio Qf D.D.T, to dye was 10 : 1. The plates were washed off

with a fixed volume of acetone and samples of these washings were meas-

ured in a colorimeter., The results of the trials as represented by
colorimeter readings are indicated in Table XII, The nozzle was adjusted

t0 deliver a fine spray. Air pressure equivglent teo 150 mm. Hg. was used

in 211 spraying operations. In the preliminary test and in Experiment A,

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

Certain experiments are now underway at the Stored Product
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Insect Laboratory o test the replicability and uniformity of deposit
laid down by the spray tower apparatus. Preliminary results seem to

indicate that a slightly more uniform deposit is laid down closer to the

center of the floor of the’spray téwer. On the strength of the results
- of these preliminary tests a variation in spraying technigue was intro-
duced in Eiperiment B. Instead of spraying four plates at one operation,
each plate was sprayed separately but was placed in the exact center of

the floor of the spray tower prior to being sprayed. Three ml. of solu-

tion were sprayed upon each plate. At the end of each spraying operation
the plates were left in the tower for an additional five minutes so that

any suspended particles of D,D.T. could settle on the plates,

mhe same plates, without reséraying, were used in Experiment Co-
It-wés considered unnecessary to respray them since the smount of D.D.T.
deposit removed by the insects in Experiment B was extremely small. Cotton
(2) has found that D.D.T, residual sprays in all formulations remain effec-
tive on glass surfaces for more than s years Sincé the‘sprayed plates used

in Experiment B were used again for Experiment C within 5 days, it is pro-

bable that no loss in effectiveness occurred in this interval, The insects
used in Experiments B and €, therefore, were exposed to dosages of equal

concentration and effectiveness.,

It should be mentioned that the efficiency of a residual spray
deposit is reduced when it becomes costed with dust (2)s For this reason

precauntions were taken to prevent the sprayed glass surfaces from becoming




coated with flour dust prior to and during the exposure period.

Measurement of the D.D,T., Deposit,

It was considered important to know the amount of D.D.T,
deposited on the plates and the uniformity of deposit., The amount laid
down was measured by colorimetric means according to the following method.
A dye of the anthroquinone type was incorporated with the D.D.T}° acetone
solution used in the preliminary test. The 100 ml, of acetone in the
stock solution dissoelved completely 0.1 gm. of the dye so that the ratio
of D.D,T, to dye was 10 : 14 REqual volumes of the dye solution were
sprayed on several replicated sets of Plates. The dry D.D.Te~dye residue
which remained upon the plates after the acetone had evaporated was re-
moved by washing each plate with 20 ml, of acetone. A sample of this
solution was measﬁred in a colorimeter, The galvanométer readings taken
directly from an arbitrary scale are indicated in Table XIT. The close-
ness of the results within replicates and between replicates as shown by
two separate tests indicate that almost identical amounts of DJD.Te are
laid down on each.plgte during any spraying operation under identical

conditions,

The actual weight of dye in the acetone washings from each
plate wgs calculated‘from & standard curve (Fig. 1). This curve was de-
termined as follows: A range of 6 acetone~dye solutions of known concen-~
trations were made up and measured in the colorimeter used at the Stored
Product Insect Laborstory. fThe galvanoneter readings observed on the

arbitrary scale were converted to figures based on 100, By means of &
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TABLE XII

UNIFORMITY AND REPLICABILITY OF DDT DEPOSIT ON GLASS PLATES

Numbers of plates SCAILE EREADINGS
-in sets of four { Ll
replicates Trial I Trial II
l 24,2 24,6
2 23,0 2%.8
3 2245 24,3
4 23&5 2505
Mean 2345 : 24,5
5 22,9 22,9
7 2341 - 2249
Mean 23,0 22,8
9 24,6 22,7
10 2444 22,8
1 24,4 2243
12 24,4 21,8
Mean 24,4 2254
21 2346 ] 22,5
22 2346 22,1
23 24,1 21,9
24 2347 22,4
Mean
2347 22,2
Total Mean for plateT 23,46 2340
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table showing density (‘L = 2-log G ) against the galvanometgr reading

G the figures based on 100 were converted to figures for optical density,
The calculations for the standard curve are presented in Table XIIT.
Optical density was plotted against concentration and s straight-line re-
lztionship was established. Using this curve it was possible to measure
the concentrations of dye in the solutions made up of acetone and the resi-
dues washed from each treated plate. Since the D.D,T. and dye were Present
in thg fatio of 10 : 1, the amount of D.D.T, deposit could easily be ealcu-

lated.

Method of Exposing the Insects to the D,D.T, Deposit.,

Techniqge I was used in the preliminary experiment and in
Experiment A, When glass plates were chosen as areass of exposure the
problem arose as to how to confine the insects to the plates for the
desired length of time. Two devices were used in combination for this

purpose, namely, plastic rings and strong light,

The rings were 4 inches in diameter.and approximately & inch
in height, One was placed on each of the treated glass plates creating
in this way a suitable enclospre for the insects. To prevent the insects
from climbing the inner wall of the rings and falling on their backs, the
lower innef edge of each ring was cut away at an angle, the cut beginning

about one sixteenth inch from the lower inner edge and deflecting downwards

towards the outer edge.

The second device used to keep the insects on the treated sure

faces was strong light since Tribolium confusum is negatively phototropic,




CALCULATIONS FOR STANDARD CURVE

TABLE ZXIIXII

Concentration Scale Reading Density (L = 2-log G)
(converted) against Galvanometer
reading G
- 0,00250 44,6 o
0400100 3249 04482
0400062 5066 04297
10500010 9847 050480
0400000 1000 00000
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The procedure was és follows: The treated plates were placed on a

large translucent glass surface provided in the laboratory. Two photo-
flood lamps were placed below this surface but near the floor. A circle
of black paper cut about % inch smaller than the plastic rings was placed
under each sprayed plate and arranged so that the centre of the plate was
exactly over the centre of the paper. When the plasiic ring was placed
over the plate g circular margin i_inch ih width was evident between the
ring and the edge.of the paper. When the two lamps were switched on this
paper effectively blocked the light rays thus providing a dark island
surrounded by a sea of light. The corona of light around the rim of each
black circle of paper was so intense that insects venturing to the edge
were immediately repelled and forced to turn back. This device seemed %o

be satisfactory,.

_The 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 35 degrees C. above which mortality becomes
pronounceds After exposure the insects were handled as deseribed in the

section "Handling the insect material after Exposure."

Technique 1I.

This technique was used in Experiments B and C. The advisability
of usingvstrong light as in Technique I was questionable'because photode-
composition of the D.D.Tf residue may have occurred. Also, according to
Cotton (2) light affects the duration of effectiveness of residual spray
deposits., These possibilities precluded the use of st:ong light in the

exposure technique for Experiments B and C. Hitherto, the insects were
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exposed at room temperature but in this technique they were exposed at
a constant temperature of 28.5 degrees C. Following exposure the insects
were handled according to the method described under the heading "Hand-

ling the insect material after exposure".

In both techniques no gttempt was made to investigate the
necessity of movement of insects over the treated surface during exposure.
Is the activity of insects important in governing the amount of D.D.T,
absorbed by the insepts? Hammen (5) placed mobile and non-mbbilevinsects
on identical D.,D.T.~-treated surfaces for definite periods of time., The
rate of paralysis for mobile and immobile roaches was practically identi-
cal and Hammen concludes that roaches pick up some of the D.D.T, whiie
lying on it, In view of his reéults, tﬁe activity of the insects used

in this study was not restricted during exposures
HESULTS

The results of the experiments are presented in tabular form,
The data for induced mortality in the preliminary test, and Experiments
A, B and ¢ arebshown in TPables II, IIX,: IV &Hd:V respectively, Table IX
shows that the mortality of the females is considerably higher than that
of the msles when both sexes are exposed to equal amounts of DzD,T. res i-
dﬁes,for equal lengths of time, In Experiment A‘the period of exposure
for the females was shortened end the amount of D.D.Tsfor the males was
increased as indicated in Table I. Howeve:,‘results‘similar to those of
the preliminary test were obtained, namely; that females were killed much

more readily than males as a result of exposure t0 residual deposits of




OVIPOSITION OF TRIBOLIUM AFTER EXPOSURE TO SUBLETHAL DOSAGES OF DDT, TEST A,

TABIE VI

{number of eggs /female/ day over 2-day periods)

:Femgles treated vs, Neither Séz treéted

P<L0,05

Period zfter Roth Sexes Males Fensles Neither Sex
exposure, days trested tregted tregted treated
841 562 743 641
9 5.7 " 6l 607 740
649 Ta2 7.0 7.0
843 646 8.2 747
- Mean for period 762 663 Te3 669 -
90 609 6-90 6@3
15 644 5.8 6:0 64
749 753 7.8 Ty
749 583 650 T3
Mesn for period 748 6s3 6ol - 642
548 344 548 4,6
21 349 646 541 55
6.9 4.9 5e4 Sed
649 543 6.0 4,6
Mean for period 59 5.0 546 5¢0
560 2.8 546 3e5
27 _7)0.0 4,0 4: O ’ 4@7
508 500 6 6 3&0
Mean for period 4,9 451 5.4 3,9
1e1 063 143 051
33 1.2 043 1.4 048
2e3 09‘8 2.5 043
1.5 045 240 0s5
Mean for period 1.5 045 1,8 044
501 3.4 4,3 3.3
39 348 343 5.1 347
5#1 2Q8 5&4 2*2
329 2,0 4,6 2:5
Mean for period 4,5 2:9 4,8 2,9
Mean for
total period 543 4,2 5a2 4,2
Femnles treated vs. Mzles treated P<30g05'




OVIPOSITION OF TRIBOLIUM AFTER EXPOSURE TO SUBLETHAL DOSAGES OF DDT., TEST B,

TABIE VI

(Number of eggs /female/ day over 2-day periods)

Period after Both Sexes Males Females Neither See
exposure, days vtreated ‘ treated treated tregted
245 540 367 651
8 308 . 508 451 5@2
37 4,17 C 444 569
206 4.9, 667 5.2 _
Mean for period 342 51 - 4,8 566
T3 6e4 549 662
14 5.9 4,1 bed 563
643 4.7 57 4,9
' 566 601 ) 507 503
Mean for period 6e3 563 5¢9 54
669 TeT1 709 604
20 604 i 307 6‘8 303
690 3.8 6‘2 694
561 605 ) 408 701 :
- Mean for period 6el 548 604 5.8
366 | 505 5eb 4.8
© 26 o . 4,0 263 4,5 27
(Temp. 227¢.) 340 %e6 361 4,1
4.2 308 207 5?5
Mean for period 3.7 3,8 349 4,3
504 6.4 4.5 6.5
32 5He? 4,8 5.0 4,8
s T35 4.4 4,5 63
» 540 346 4,1 4,8
Mean for period 5e9 - 4,8 4,5 546
840 4,1 4,0 866
38 4‘08 5.'0 504' ‘ 400
607 4"0 492 604
645 3&7 Se3 645
Mean for period 665 4,2 4,7 bed
Mean for
total period 5e3 4,8 560 545




OVIPOSITION OF TRIBOLIUM AFTER EXPOSURE TO SUBLETHAL DOSAGES OF DDT. TEST C.

TABLE VIII

(Number of eggs /female/ day over 2-day periods)

Period after Both Sexes Males Fensles Neither Sex -
exposure, days treated treated treated treated
548 569 2.9 5e7
8 2,2 562 542 6ol
4,1 346 563 4e3
348 4,7 568 e
Mean for period 4,0 4.8 ‘4,8 54
640 6e3 4,4 568
14 5e3 4,4 Tel 4,9
662 567 Teb 59
542 6.3 ‘ Te3 643
Mean for period 547 5¢7 6o b 507
594 762 500 : 6.8
20 65 6el Te4 4,3
52 5.7 Te5 4.5
566 Tol 605 605
Mean for period 5¢7 6.5 beb 545
6‘7 6.5 608 607
26 6.0 -4e3 Te9 4,3
846 7.6 Te2 4,8
446 ‘ Te6 4,9 6.0
Mean for period 6e5 6e5 i - 544
840 9.0 709 9.8
32 6.9 640 652 4,9
601 4’0 70 1 462
4.7 600 563 : 7.8
Mean for period 6.4 604 606 607
5.2 605 6.3 649
38 4.9 547 8e1 505
7-0 6"02 706 ’ 503
569 Heb 5el 6e3
Mean for period 547 600 6.8 6.0
" Mean for
total period 547 ‘ 6.0 6»3 5.8




D.D.T« These results are presented in Teble I11. Tables IV and V show
that mortality of the males and females were approximately equals This
was accomplished only by varying the dosage of D.D.T. and period of ex-
posure so that the males received much larger amounts of D.D.T than the
females. The data on fecundity for~Experiments A, B and C are shown in

Tables Vi, VII and VIII respectively. The data on fertility for the

same three experiments gre indicated in Tables IX, X and XX respectively.
;- The data on fertility and fecundity was subJected to statistical analysis
in order %o compare any variations existing among the four combinations .
of treatments w1th sexes. Wherever‘signifioant differences are present
they are.recorded as P‘values in footnotes below the appropriate table,
Significant differences were observed 1n the data for Experiment A as
1nd1cated in Table VI.» These differences were established between the
combination: females treated versus males treated and between the com~
‘bination: females treated versus neither sex treated The results
show_that when females are exposed to residual deposits of D,D. T,, theh
average number of eggs laid by the surv1vors is higher than that for

the females of the COntrel groupo Furthermore,fit seems that treatment

of males has no effect on the fecundity of the females. The rate of
oviposition of groups of treated females and of untreated females 1s

neither reduced or 1ncreased when either of these groups is combined

with a group of treated mgles. The rate of ov1p051tion of the females
in the control group, namely; the group where neither sex is treated
is considered as s normal rate, This rate is used as g basis of come

parison for the rates of oviposition of treated groupss No significant




TABIE X

PER CENT VIABILITY OF EGGS PRODUCED BY TRIBOLIUM AFTER EXPOSURE T0

SUBLETHAL DOSAGES OF D.D,Ts _ TEST B.
Period after Both Sexes Males | Females Neither Sex
exposure treated treated treated treated
T1s4 7664 91s7 70:0
8 6909 64-4 6700 6869
6103 8449 7562 T4.17
5361 71e5 82,0 80,0
Mean for period 6349 7443 79.0 7344
T445 84 .4 81,8 7966
14 7446 7263 8567 89,2
8605 87.2 90‘0 82.2
8548 8647 85,2 8343
Mean for period 80,3 8246 | 8567 8346
8146 9246 87.4 9508
20 83.1 6554 9061 8345
8343 94.1 8545 87.4
91.‘8 8705 92‘8 X 8907
Mean for period 84,9 84,9 88,9 89.1
: 721 79,1 812 80,0
26 8745 5944 8948 8549
9344 63,1 8745 92.4
7642 8748 84,5 91477
‘Mean for period 8243 7243 8547 8765
8442 8540 9045 8746
32 8349 9063 v 8548 8246
94,8 8867 90,4 8946
8?60 8867v 9% 04 7842
Mean for period 8740 8842 - 90,0 8445
84,1 78,1 94,2 8844
38 8846 8548 81,5 8848
7944 7904 7645 86.1
8942 8940 75e4 7044
Mean for period 8543 83,1 819 8304
Mean for
tqtal periocd 8046 80,9 8552 8346




TABLE XI

PER CENT VIABILITY OF EGGS PRODUCED BY TRIBOLIUM AFTER EXPOSURE T0
SUBLETHAL DOSAGES OF D,D.Ts TEST C,

Neither Sex

Period after Both Sexes Males Females

exposure treated‘ treated| treated treated

6562 © 69.7 7847 7040

8 7660 8841 6341 91,2

5442 8343 6704 T34

5247 - 7869 7042 9065

Mean for period 6250 80,0 6948 8162

o 1752 8543 8147 81.6

14 7641 8443 7762 81,9

6943 789 7644 8347

8847 7048 7646 9349

Mean for period 7768 ‘ 7968 5 7850 8543

20 7967 1763 8447 7540

: 7861 ¢ 9506 57¢2 9047

8869 " 8142 81s4 899

" Mean for period | 81,1 84,5 | 7642 84,9

- 84.4 . 9147 8548 81.0

26 5647 9240 77.8 83.1

8541 T35 8451 9249

Mean for period 7448 | 8642 - 8261 86;4

7150 88,5 | 82,0 7542

32 82,0 8263 91,0 8649

: 8642 - 9245 7549 85,9

8704 86,9 6942 86,1

Mean for period 8106 87,2 | 17945 8345

| 6742 8149 78,0 6742

38 5952 84,1 7040 7943

7263 8566 7847 673

7640 6945 76451 6843

Mean for period 6809 8053 7567 70,5

' Msén for , ~ |

total peripd ﬁﬂv,74.} 8320 7649 82.04




TABIE XIV

EFFECT ON OVIPOSITION OF DIFFERENT EXPERIMENTAL- METHODS FOR EXPOSURE OF
TRIBOLIUM TO SUBLETHAL DOSAGES OF DDT.
(Mean number of eggs /female/ day over total period for each replicate)

BExperimental - THEATMENTS ‘ Means for
methods Both Males Females Neither methods
: Sexes Only Only Sex »
6027 be4l 6667 4,42
Prel iminary 6.18 6,08 v 4,30 5217
test 4,417 4,90 2437 4,98
4,84 5.74 6,00 7.00 .
Means for treag— : '
mnent 5:.6 501 500 560 . 5&2
- 5469 3466 5,05 3498
A 4,00 4,35 4,71 4,68
: 5481 4,66 578 %.83
5.75 | 4.06 5436 4453
Means for _
treatments 543 4,2 bs2 4,2 4477
561 5685 5625 6043
B 5:13 4,28 5638 4,21
5653 4,20 4,68 5,66
4,83 4,76 4,89 573
Means for ! .
treatments 53 4,8 540 545 5.1
6018 | 6,90 | 5.55 | 6,95
¢ 5430 5428 6.98 5400
6.20 5458 7.05 4,83
4.96 6‘20 5081 6043
Means for
treatments 507 | 660 643 5.8 549




TABLE XV

EFFECT ON VIABILITY OF DIFFERENT EXPERIMENTAL METHODS FOR EXPOSURE OF

TRIBOLIUM TO SUBLETHAL DOSAGES OF D.D.T.

(Mean per cent viabililty®ver total period for each replicate)
Experimental TREATMENTS Means for
mbthods Both Males Femgles Neither methods

Sexes |{only | only Sex
63:s1 | 6442 67 :4 7148
Preliminary 64,0 | 6043 6553 64,6
6853 | 59.0 Te2 VEYS
67.8 6536 6260 69.4
Means for ' :
treatments 6548 62:3 6635 7061 66,61
78425 | 70456 77462 62490
A 7312 | 69214 80470 68.54
73428 | 67,26 72452 72.86
68450 | 76,80 77876> 77438
Means for
treatments 733 | 7049 771 70:4 7269
78,0 | 82,6 8748 8346
B 8153’ 7249 8343 83.1
83.1 82;9 34,2 8544
80s2 | 85,2 : 85,5‘ 8242
Means for :
- treatments 8066 | 80,9 8562 836 82,6
7348 | 8345 813 7645
c Tle6 | 8447 YNFY) 8259
T2.2 |87.2 72s7 81.6
7948 | 7648 7643 8649
Means for .
trestments 74,3 | 83,0 7649 82,0 79:0°




differences were observed between the various combinations of trest-
ments and sexes with regard to viability. In other words, the eggs
laid by treated females are no more or less visgble than those laid

by untreated females,

In Experiments B and € no significant differences were che
served betwsen combinations of treated and untreated sexes, in either
the fecundity or fertility datas In both experiments the rate of ovie
position of the female survivors was neither reduced nor increased as
a result of exposure o D.D.Te 1In other words, the female survivors
were not affected sublethally at least as far as reproduction is con-

cerned.,

In all experiments the rate of oviposition of ireated females

was lower in the initiel counts than in any subsequent counte, This

(=N

initially low rate of ovipositicon was more evident in Experiments B ard

8]

C than in Experiment A. Further, the eggs from these first counts

showed & correspondingly low viabllity.

The results of the effect on oviposition and on viability of

different experimental methods for exposure of Tribolium confusum %o

sublethal dosages of D,D.Te are presented in Tables XIV and XV reés-
pectively, The data was subjected +to shatistical analysis but no sig-

nificant differences were cohserved among any of the methods.

Throughout the whole investigation oviposition and viability
of eggs were not reduced as a result of exposing the parent females %o

deposits of D.D.Te residues.
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DISCUSSION

An examination of the experimental data of induced mortality,
oviposition, and viability reveals that considershble variation'exists
among the repiicates. Actually there is no real discrepancy in the
resultssince experimental conditions and procedure have been different
in each cases Different concentrations of DoD.T; and different lengths
of exposure were used in an effort to induce 50 per cent mortality of
the test insects, It is possible that, as g result of these experi-
mental~§hanges the physiological reSponées of fhe insects may have

- changed accordinglys

It is possible that more uniform results were not obtained
because certain factors were not closely controlled, for example, the
factor of movement. It will be remembered that the factor of movement
over a treated surface during exposure was not éonsidered important\in
governing the amount of D.D,T. absorbed, This conclusion was based on
the results of Hanman's work with cockroaches (5)s However, it may
well be that with Tribolium the factor of movement is important during

exposures

The observed results on fecundity for all three experiments
are different from those obtained by other workers inveétigating Subw=
lethal effects of insecticides (11), (14). This study shows, for the
first time, that treatment with D,D.T? does not lower the rate of ovi-
position of an insect surviving the treatments In other studies of g
similér nature, oviposition has been reduced as a result of treatment,
The differences in results are likely due to the differences in methods

and to the different species and insecticides used by other investigators,
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A few statements concerning the findings of the study are made in

the following paragraphs,

The higher mbrtalities of the females of Tribolium confusum indi-
cate that this sex is more suseceptible tc D.,D.T. residues than the male
when both sexes are exposgd te equal concentrations of this insecticide
for equal lengthsvof time, In Experiment A where cencentratieﬁ was in-
creased for the males, the females were killed more readily than the
males, This result further demonstrates the difference in suseeptibility

bétween the two sexes.

The results of Experiment A with regard ﬁo fecundity end fertility
show that treatment of feméles is correlated with an increésed number of
eggs. This result iﬁdicates a relationship between dosage, mortality and
rate of‘oviposition of the femaless If the dosage and period of exposure
is such that weak females are selectively killed, it is logical to assume
that the survivors constitute a strong strain of insects. These survivors
lay eggs at their no:mal rate, However, the rate of oviposition of such a

select group may be highe: than that for a eontrol group containing both

- weak and strong females, In & control group of this kind the high rate of
oviposition of the strong, healthy females is masked by the low rate of
oviposition of the weak femaless; The visbility of the eggs laid by the fe-

male survivors is higher than that of the eggs laid by the control groups.

This result is to be expected for it is obvious that eggs laid by sound

females would show a high degree of viability.

In the hypothesis formulated for Experiment A the rate of oviposition

of the female survivors is considered to reflect the vigour of these survi-

vors. Therefore, the high numbers of eggs laid by the females which survi-,
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ved exposure to D.D.T, are high because these females are considered to
constitute a select, resistant group. It mmst be borne in mind, however,
that this consideration is theoretical and that more extensive studies

are required to verify or disprove it,

In Experiments B and € it was observed that the rate of oviposition
of the female survivors was meither significantly inereased or decreased

as a result of exposure to D,D.Ts residue. In other words, no sublethal

effect was manifesteds Therefore, the reproductive function of the female

survivors was not impaired by dosages which killed approximately fifty per
cent of the exposed insects. These results seen to indicate an “a;l—or-
noné# effect of D.D,Ty, that is; if the insects are affected to any great
extent by exposure to a certain dosage of D.D,Ts they will die as a result.
Those insects that do not die are probably resistant to that particular
dosage. It is logical to conclude that in long term control operations
more and more selection occurs, resulting in the development of a highly
reéistant strain of Tribolium, - Lindquist's work with house flies (8) and
related work (1) has established that insect resistance to insecticides

can be developed,

In Experiments B and € the observed results do not indicate that
treated females have a higher fecundity and fertility than untreated ones.
The results as indicated in T@hles:VII and VIII show that the rate of ovi-
position of the treated females is the sams as that of untreated females.

-The fecundity of females surviving exposure to a dosege of D.D,T.'which

killed approximately 50 per cent of the exposed insects is not significantly

changed,
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A)l three experiments show that oviposition is not reduced as
& result of exposure teo D.D,Te This is a most important finding in

view of the popular conception eoncerning the function of insecticides,

Generally spgaking, the purpose of an insecticide is %o eliminate
an insect population. Although they may-seem to reduce the numbers of
 adults present, are they reaslly accomélishing their purpose in eliminating
the total population? What of the eggipepulatign? Insecticides do not
achieve their purpose unless the adult‘survivors are affectea_éc that
their fecundity is lowered. ls has been observed, under eertain experi-
mental conditions the fecuﬁdity of adult_females which survived exposure
to D.D.Te has increased. In defence of insecticides oné may say that the
viability of the eggs produced by these female survivors is "probably"
10&. However, as this study has shown, the viability of these eggs is

not lowered.

The results of all three experiments suggest that the level of
mortaelity is not important in determining the number of eggé 12id by fe-
mele survivors, InﬁEiperiment A, for example, a low level of mortality
wag observed but the survivers showed‘a high fecundity. In Experiments
B and €, although the level of mortality was higher, the fecundity of

the survivors was approximately the same as that for Experiment A

Onereason which may aceoﬁnt for the difference in results between

Bxperiment A and Experiments B and € is the different dosage and exposure

used in each case, In Experiment A the females were treated with a 1 per




eent solution«ef_D.D.T, but were exposed for three hours. In the other

two experiments a 2.5 per Qent'solution of DoD,Te was used bmt the females

were exposed for only one hours It is likely that the groups ekpesed to ' ;;;
higher dosages for shorter periods of time receive@ more D.D.T, than the

groups exposed to lower dosages for longer periods, Thig might explain

~w'hy the mortality ef'femalea in Experiments B and € was generally higher

than in Experiment A;

It is evident that contrel of Tribolium confusum by the use of

residual insecticides is practicable only if they are applied in suffi-
ciently large dosages to k111 95 per cent or more of the insect popula-
tion presént. Although the resulfs_of the study with regard to fecundity
are inconclusive, the dataimay be interpreted as §ndieatingﬁthat as far
as Tribolium is concerned treatment with D.D.T, at the 50 per cent level
does not change the rate of oviposition of the females, However, if any
change does oceur, it is in the direction of 1nereased egg’prgductien.
‘This éhapge was indicated by one of three tests, that is, Test A, It is

gignificant to note, howéver, that the rate of oviposition is not reduweced

as a result of treatment. This inability of D.D.Te to lower the rate of
oviposition of females exposed to it questions the advisability of applying

residual insecticides where only a.part of the insect population is lethally

affected,

The initially low numbers of eggs laid shortly after treatment
may possibly be due to an initial paralytic effect of D.D.Ts on the reprow-

ductive apparatus of the females Since subsequent counts showed increasingly
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higher fecundity rates, this effeet, if present, w@s only temporarye.

Phe fertility of the females was also affected as shown in the viability
data. The eggs laid shortly after treatmenf were not only low in numbers
but also were of low viability. This observation may seem to eontradic#
the possibility of the "all or none" effect of D.D,T, mentioned earliers
The "all or none" effect likely exists as a general over all effect
thrbughout the experiment, It is still possible,‘however, to have slight
variations in any one period such_as the period mentioned where the

numbers of eggs produced were lows

Before a final conclusion may be drawn as to the significance
of the effects of subletﬁal.dosage of D,D.T, residues on the eonfused
fleur beetle, a more extensive experiﬁental study is necessary. Such
an experiment should be carried out under closely controlled conditions
especially with regard to variaﬁle factors. For example, the factor of
movement may play a more important part in influencing thg amount of
insecticide absorbed than at first realizede Thérefore, to give more
accurate results the test insects should be immeobilized with some inert,
harmless gas such as carbon dioxide during éxposuré to a uniform deposit
of DsDeTy In this way the amount of D.D.T. aﬁsorbed by each insect can .

be more closely controlled.

The high rate of ov;pesition of the female survivors in Bxperi-
ment 4 led to the belief that selective killing occurred during treat-
ment, leaving & strain of physiologically sound femsles, This hypothesis

may be verified by setting up an experiment whe:eby groups of test insects
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are exposed to différent dosages of D.D.Te residues for varying lengths
of time, The treated insects can then be separated into groups whiech
suffered different degrees of mortality, for example, 25, 50, 75 and 90
per cents If selection of strong females does occur then we would expect
the highest rate of oviposition in the group which suffered 90 per cent
mortality and the lowest rate in the group whieh suffered 25 per cent
mortality. In the former group all weak females are likely killed as a
result of long exposure to large amounts of D.D,Ts The rate of oviposi-
tion of the select survivors is therefore guite high.’ The latter group
likely contains wesk females because the low dosage of D.D.T, or short
exposure period was not sufficient to kill ali the weak females. 1In
this group fhe over-gll rate of oviposition is lower than that of +the
select survivors of the‘former group because of the presence of weak fe-
maies. The lower rate of oviposition of these weak females can lower
the rate for the group as a whole., Consequently, the high fecﬁndity of

the strong females is not apparent.

Approaching the problem frem another direetion, an experiment

may be set up as follows: Male and female adults of Tribolium confusum of

constant age can be paired and reared in separate vials. These can be
observed for ovipoisition over a period and érranged into three groups on
the basis of rate of oviposition as follows:

Broup I showing lowest rate of ovipositione

Group II showing an intermediate rate of oviposition

Group III showing highest rate of oviposition
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Phegse three groups can be exposed to identical Qosages of b.D.Ts residue
for the same leggth of time and observed for the degree of mortality

that is induced. If the hypothesis is ce;rect, the lowest mortality willl
be observed in Group III, because, acecording to the hypothesis the females
of this group are considered to be a select group of physiologically sound
"insects. By the same line of reasoning we would expect the highe;t nor-

tality to be induced in Group I.

Lindquist and Wilson have shown that a resistant strgin of house
flies can be developed as a result of expesure to D.D.T, (8)s The possibi-
lity of déveloping gtrains of D,.D.T, resistant f;our beetieé has been
suggested in view of the resulis of Experimént A. Whether or not resistance
to DeD.Te is actually developed by flour beetles and passed on to subsequent
generations is unknown. The question can be answered by setting up an ex-
periment designed to test the resistance of flour beetles to D.D.T. Adults
of Triboliwm can be exposed %o D.D.T. residues of lnown concentration for a
knownApérioé of time fe induce 50 per cent mortality. After a few days the
survivofs can be exposed until 50 per cent‘mortality is inﬁugeé‘ by varying
either the concentration of D.D.T. or the period of exposure. If either of
these two factors has to be increased in order to kill 50 per cent of the
insects, then these insects must be considered as having developed a resis-
tance to D.D.Te Purther, the experiment may be extended to test the resis-
tance of the progeny of treated adults. PEggs laid by females which have
survived itreatment can be allowed to develoé into second gemeration adultse
- These adults can be exposed to D.D.T, residues, If it is necessary to use

higher concentrations or to expose them for longer periods than the parents,




then the progeny must have developed a resistance to DJD,Te

Pending further investigation into the problem of sublethal

effects of D.D.T., it would not be desirable to draw too many definite
conclusions from the data presented. 4 few statements concerning the_

effects of sublethal dosages of D.D.T. on Tribolium have been made but

the need for further studies on the subject is clear.

SUMMARY

A lsboratory study was;carriéd out o determine the sublethal
effects of D.D.T. residues on the confused flour beetle, Pest groups
" of males ané females were exposed separately te‘uniform deposits of
D.D.Ts residues for & sufficientllength of time to induce 56 per cent
mortality. The survivors were pgired-and assessed for sublethal effectk
by means of two critefia, namely} the rate of bviposition of the females
and viability of'the eges produced by these females. Ehe.experiment was
designed to determine the effect, if any, on the reproductive ability of

either or both sexes of @ribolrum, The rate of ovipositlon (fecundity)

and the viability of eggs produced (fertillty) of the female survivors
was observed periodically over an interval of almost 40 days. Records

of data were tabulated and subjected to statistical analysis,

~mhe,p:1ncipal findings of the study were as follows:

1, Females of Tribolium gonfusum are much more susceptible than males

to depoesits of D,D.P. residue when both sexes are exposed to equal

dosages for equal lengthe of times
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The first counts of ovipositidn show that the rate of oviposition
is considerably 16wer than that for subsequent counts, This is
probably due to an intial paralytic effect of D.D.T. on the repro-
ductive apparatus of the female. The eggs obtained from these

counts are of low viability.

Treatment of males has no effect on the fecundity and fertility of
the females.

Oviposition is not significantly reduced as a result of treatment

with D.D.Te The fecundity of female survivors may be higher under

certain experimental c,ondit;iyqns, but it is néirer lower than the

'fecundity of unexposed females,

Suggéstion's are made for further studies designed to test the
kypothesis that selective killing of individuals 6ccurs when ..

insects are ex;poée’d o residual deposits of D.D’.'.!‘.
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