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Some’ methods " evaluating the effectiveness of certain fly repellents in laboratory and
© field tests were reported. The results of the statistical analyses showed that these
methods were precise and reliable, so that the data from different tests could be
compared with each other. The repellents adopted in the present tests were four
commercial products such as Crag fly repellent, MGK repellent 11, vTabutrex, and

diethyl-toluamide.

Various methods for testing the repellent or .

attractive properties of any material have been
developed by many workers%2%®, while there
have been few methods for evaluatlng the effect
of certain fly repellents in practlce In this

problem, it is often necessary to use intricate

: apparatus in those operations. Even if an instru- |

ment is an elaborate one, the method unfit to
practical use will serve but little. -

In the present paper, the author reports some
simplified methods for evaluating the efficiencies
of certain fly repellents in ]abolratory and

- outdoors, and attempts to apply probit method
to .the analysis of the data of repellent tests.

The author wishes to express his appreciation

to Prof. O. Shinoda, Osaka - University of
Liberal Arts, for his kind guidance and encou-
ragement given to him in the course of the
present work. The author is also indebted to
. the executives of Sankyo Co., Ltd. for their
helps and kind intentions.

Material

The repellents adopted in the experiments are
four commercial products which have been
widely investigated, viz., Crag fly repellent (bu-

toxypolypropylene glycol), MGK repellent 11 (2,

3,4,5-bis (4% butylene) tetrahydrofurfural),'l‘abu-
trex (di-n-butyl succinate), and diethyltoluamide,
Each of these samples is dissolved in acetone.
The material used is the adults of the common
housefly, Musca domestica vicina Macq., which

has been bred in this laboratory.

Laboratory Method I-Test with
.a Single Dose )
There .is‘ a need often for evaluating the
effectiveness of a single dose of a certain repellent,
Here, the criterion of repellency is based on the
amount of feeding for lactose pellets deposxted
on two papers, -one of which is treated with test
repellent while the other is untreated. The flies
are confined into the cage containing such two

‘papers. If the repellent is effective, the flies do

not approach to the treated paper, consequently,
no or lower consumption of the pellet is expected,
whereas if the repellent is ineffective to flies,
they will eat the pellets put on both treated and
untreated papers.

After the exposure of 20 hours the pellets are
removed and weighed. The percentage of

repellency is computed by the following fofmula:
Per cent repellency=(C—-T)/Cx100,

where T is the feeding amount (mg) of lactose ‘
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" on treated paper, and C is that of untreated
‘one. ) - ’
-Experiment-: An acetone solution containing
a given amount of test sample was app]ied ata
rate of 0.3lcc per_fﬂter paper of 6cm in diameter.
The treated paper'was kept at room temper-
and,

ature, after the main part of the solvent

" had evaporated off, about 50mg of lactose pellet
At the

was placed in the center of the paper.

same time, untreated paper with lactose pellet

- bottom,
' cellmg. .

13
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glass cylinder, 25cm in diameter and 15cm in
height;- a metallic frame with wire net in the
-and glass cover-with 'a hole-in the

Round pieces of filter paper, ‘6cm in dlameter,

-were soaked with 0.3lcc of acetone solutions

was provided. A pair of the treated and untreated

papers was placéd in the test cage consisted of

. glass dish, 13cm in diameter and 6cm in height,

with a netted cover in the ceiling.

The tests were made with the separate sexes,

20 adults being used in each test. The flies tested
were 3 or 4 days old, and they were starved for
_ about 4 hours befo;e testing, in order to secure
the consumption of the lactose pellet. The tests
were conducted in a dimly-lit place. The results
are given in Table 1
Laboratory Melhod II- Test with
Multxple Doses

This ‘method is useful not only to compare.

the effects of different repellents at the same
time, but also to determine the order of effecti-.
veness of several doses as well. .

The principle of the method is nearly the
same as that mentioned above, but this is rather
;:ompulsory feeding than the former.

Experiment : The test cage is consisted of a

Table 1

containing the test sample at the desired
concentration, and after evaporating the solvent,
about 50mg of lactose pellet was p’]aced in the
center of each paper. Only one untreated paper

with lactose pellet was placed in the center of

" the cage and several treated papers: with the

“repellency

same pellets were placed around the untreated
paper at random. One hundred flies of 3 or 4-

" days old were used in each test. Other procedures

were similar to those of Method I.-

After the exposure of 20 hours the pellets
were removed and weighed. The percentage'of
‘was computed' By the following

formula :
Per cent repellency (C T /Cx 100,

Awhere Ti is the feeding amount (mg) of lactose

on each tfeé.tment, and C is that of untreatment.

The results are given in- Table 2.
Assessmpnt of the Results

It is currenily inferred that the repellent

‘effect is 'induced by the chemical and physical

properties of the material, and a insect responds
to the stimuli through a certain sensory system.
Since the repellency depends ‘upon chemical or -
physical response of the insect, it can readily

Per cent repellency of four materials tested with a single dose against the

houseflies. (Exposure for 20 hours at 24°—28°C, relative humidity 75—8022)

R : Dosagé. (mg/900cm?) T No. of -
- Material Sex L - flies .
: 1000 500 250 125 62.5 used
- E ? 82.9% 68.82%% 49.3% 45.0% 15.82 200
Crag fly repellent - : .
. - F 65. 4 58.1 51.9 - 32.0 20.4 - 200
o, Q 100.0 95.4 93.4 85.0 66.0 200
Diethyltoluamide . . )
s 100.0 96.7 84.2 . - 747 72.2 200
‘ o ] 100.0 82.3 64.4 54.2 49.3 200
MGK repellent 11 . ) : .
» 3 100.0 73.4 62.4 56.8 50.8 200
2 100.0 84.8 73.6 69.6 47.6 200 -
Tabutrex . - ’ L .
F 100.0 .86.5 67.8 57.9 45.3" 200
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Per cent repellency of four materials tested with various dosages against
the houseflies at a time. (Exposure for 20 hours at 24°—28°, relative humidity 75—8025)

Table 2.

24 %—N

o Dosage (mg/900cm?) No. of
. Material Sex flies
h ' 1000 500 250 125 62.5 used
. ? 60.32; 53.924 47.225 29.42 0. O’Z 200
Crag fly repellent
3 59.9 41.4 33.0 22.6 17.5 i 200 |
? 100.0 99.7 97.5 84.2 79.0 200
Diethyltoluamide : ) L '
. F 100.0 9.7 93. 0 85.9 58.4 200
? 97.0 93.1 75.4 58.6 46.3 200
- MGK repellent 11 - ’
3 100.0 92.1 75.4 ' 67.4 46.9 200 -
? 98.8. 91.1 79.8 50.8 28.6 200
Tabutrex ) R
-3 95.3 - 91.0 79.4 61.7 37.1 200

inferable that there may exist a reciprocal

relation between dosage and response of the

insect.
- In the present paper, in order to determine the

" precision of the methods and evaluate the relative ‘

effectiveness of test repellents, the data were

analyzed by probit method according to Blissl®,

The reason why probit method was applied to
that a high degree

;

the analysis of the data is

- Table 3.

of rectilinear correlation nearly always existed
between the response and dosages when the
percentages of repellency had converted into
probit and plotted against the dosages in loga-
rithm, and, therefore this linear transformation
of dosage-response curve was suited for the
purpose. ) ' )
The results of analyses and the median effective

. dose for each repellent are given in Tables 3

Dosage-repellency regression equations of adults of the common housefly,

Musca domestica vicina Macq., for four comr_nercial repellents resulted from the method

for evaluating a single dose.

Regression equation Degree of : B
Sex Retpilednt ] . freedom P2 Rari)ie of (mE})SOE())Ocmf)
’ este y=a+b (X—x). (n) . 8
Crag fi’; ellent | ¥=5- 06442+1. 46897 (X —2. 38906) 3 |2.26113 0.70-0.50 | 221.41
Diethyl 6. 04542 +1. 64658(X—2. 15558) 2 |0.90110, 0.70-0.50 | 33.17
toluamide { Y= ° g - y . . .
Female -
‘ MGK repellent | 5 51879.+1. 36163(X—2. 33397) 2 |41525 0.20-0.10 | 89.74 -
Tabutrex y=5. 65342 4-1. 42216 (X —2. 29819) 2 |274904 0.30-0.20 | 68.98
Crag fg)euem y=4. 86875+1. 02824 (X —2. 41062) 3 | 0.50786 0.95—0.90 | 345.35
Dieﬂ;g}ua ide | Y=5.96974+1.38485(X~2.20115) | 2  |3.10650 0.30-0.20 | 31.69
Male - -
MCK repellent|  _5 48797.+1.11851(X ~2. 36317) 2 |5.22315 0.10-0.05 | 84.51
Tabutrex y =5. 53786+1. 56749 (X — 2. 29891) 2 |2.88300 0.30-0.20 | 90.32
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Table 4. " Dosage-repellency regression equations of adults of the common housefly,
Musca domestwa vicina Macq., for four commercial repellents resulted from the method
for evaluatmg multiple doses at the same time. ’

. Regression equation Degree of - ‘ n
Repellent o Range of ED-50
. Sex tested ‘ . = freedom x “Pr. (mg/900cm?)
. . y=a+b (X-x) (n) )
Crag rf;{)eueht, y=4. 8263940, 85734 (X —2. 41818) 2 |3.515%) 0.20-0.10 | ‘417.51
Diethyl = 1o | 7=6.05448+1.82300(X~1.99739) | 2 |9.44857 o0.01< | 26.24
Female : _ - : :
’ MGK repellent | ¢ _5 551924+1.67067(X—2.24149) | 3 | 5.60174 0:20-0.10 | - 8L.58
Tabutrex = | y=5.34720+2.24122(X—2.21497) |. 3 - |3.400150.50-0.30 | 114.81
Crag ?e};ellent y=4. 62888+0. 97650 (X —2. 44968) 3. |2.55541] 0.50—0.30 | 675.66
Diethyl  ide | y=5.78982+2.37897(X—2.02786) | - 2 | 4.54023 0.20-0.107 49.64
- Male - .
MGK repellent| ;5 52671+1.61552(X~2.23867) | 2 | 5.68658 0.10-0.05 | 8L78.
Tabutrex y=5.50347+1.73617(X—~2.24149) | 3 | 1.92434 0.70-0.50 | 89.44

. and 4. In these tables, X represents Iogarifhxﬁ
of the applied dosage (mg) per 900cm?,’ and Y

" represents the peﬁ:éntage of repellency in probit.
As shown in the results, the test of chi squares
showed -that the assumption of parallelism in -
all tests was justified. Merely the datum of
dlethyltoluarmde in the second tests with female .
flies does not fit the straight line, ‘This might
be due to' a higher percentage of repe]lency
occurred in the lowest dosage.

Effects of Age

. In order to ascertain the effect of age of test
flies to the results of the tests, the ‘tests with
adult flies at different ages were performed by
using the first method. Individual flies used in

" the tests were 2, 4, and 6 days old respectively.

‘In the test, only Tabutrex was used as test
sample. The method and the test .conditions
were the same to those mepfioned above. The '
" results are given in Table 5. ‘There was little
difference in suéceptibility among the different/
aged groups of flies, though the recently emerged
adults were slightly sensitive than the aged
adults to Tabutrex.
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Table 5. Relation between the repellent
- efficiency and age of test insects. Repellent
used was Tabutrex alone, and was applied
at a rate.of 250mg/900cm?. Exposure for 20
hours at 24° to 28°, relative humidity 75—
802. Average of five replicates.

© Age of insect Repellency 2
.Female | Male
2 days old - | 9L4%17.1 ~94.2+17.9
4 days old 72.6+17.1  86.3117.9
6 days old 76.0+17.1  86.3+17.9
F 3.6338< 0.6904<

" F?,=3.8853, significant at 0.05 level.

Effects of the Sexes

" As shown in Table 8, both sexes of housefly
reacted differently to the same repellent.
Since. the effectlveness of some répellents

- vaned with the sexes, the results of the tests

are not comparable unless the tests were made
either with the groups having constant sexual
ratio, or with separate sexes.
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Factors Influencing the Performance
of Repellent Tests
Size of lactose peilet : In these methods,
* the size of the lactose \pe]lets was one of the
'imp‘ortant factors which affect the results. When
the pellet used was greater than 80mg, the
repellent effect could not evaluate precisely,
since some flies can feed on the pellet without
contact with the treated paper. Suitable size of
the lactose pellet was about 50mg in weight.
The length of exposure : When the length of
exposure was prolonged, the consumption of
lactose pellet was clearly increased. In such a
case, there was no difference in the rate of
{éeding on the treated and untreated pellets. It
_is undesirable that the length of the exposure
is over # period of 24 hours, since the repellent
matetial is more or less volatile. To secure the
consumption of the lactose pellet, it is desirable

to starve the flies for several hours before the

start of experiment.

Illumination : Since housefly is very phototro-
pic, an uneven illumination has an effect .on
the result of the test. In the present work, the
tests were made in a dimly-lit ﬁlace in order to
avoid the reaction of houseflies to light.

Method of Field Test and Its
Reliability
The details of the method were described in
the preceding paper?. The outline of the method
is ' as follows: the trap, consisted of domed
glass bottle of 20cm in diameter, with a funnel
opening of 7em in diameter at the bottom. Small
amout of water is poured in the circumambi_ent
trough at the base, so that flies which enter
through the basal opening are unable to escape.
The. trap is placed on a filter paper treated with

test repellent. Bait, mashed fresh fish entrails, - -

is placed in a small dish underneath the funnel
opening of the trap. Tests are conducted in Aan
area heavily infested with flies. The collection
is continued for the whole day. The collected
flies are classified into large groups, while some
“species considered to be important as a vector
. or nuisance are identified closely. The criterion
of repellency is based on the number of flies
- caught in each bottle. ~The percentage of

effectiveness is computed by the followin g
formula : '
n./N—ni/N

%100,
n./N

Per cent repél]ency =

where, N is the total number of flies collected

in all traps, and . is the numher of flies
collected in the check, while 7; is that of test
trap. In this manner, N is considered as an
index related to the density of fly population
during the test period in test area. ’
Experiment : Flies were collected every day
during 10.00 to 16.00. In these collections,
various species of f]iés were caught in the traps,
while only one species, the common house-fly,
was selected as the subject of the present work.
The house-flies collected were reckoned without
regard to sex. The results are given in Table 6.

Table 6. Comparative éffgctiveness of four
commercial repellents against the houseflies
in outdoor using the bait trapping method.

Per cent repellency No. of -
Material Dosage mg/900cm? flies -
1000 500 250 125 62 | caueht
Crag fly o )
repellent 90.0 72.5 60.0 40.0 215
MGK ‘ . )
+ repellent — 94.1 91.2 70.6 55.9 166
11 o ‘
Diethyl :
toluamide | — 983 949847 72| 266
Tabutrex — 83.3 70.8 58.3 41.7 262

In order to examine the preciseness of the
estima:tes, the data were subjected to probit
analysis. From the results of the test of chi
squares, it was concluded that the estimates
were justified. Regression equations and the
median_effective doses of the repellents tested

are given in Table 7',

Comparison of lil(_? Data from Various
Testing Methods and Discussion

From the statistical view point, it may

‘safely be said that, if the data are compared

at the median effective dose, these methods are

~ reasonably precise and dependablé, so that the

data from a series of tests, either in laboratory

‘or in outdoors, can be compared with each other,

However, the data obtained from different
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-, - .Table 7. Dosage-repellency regression equations of adults of the common housefly, -

Musca domestica vicina Macq., for four
from 62.to 1000mg per 900cm? in outdoor

commercial repellents in the range of dosage .
tests.

Repellent l\Ig] es? f Regression gquation . Dfiegggzn;)f 2 Range of | ED-50
tested caught . y=a+b.(X—%) (n) : Pr. (mg/900cm?)

Crag fly _ ) . X

ropcfient | 215 | y=5.30884+L50S61(X~2.44968) | 2 | 0.4949|0.80-0.70 | 181.63

ciethyl 266 | y=5.96158+1.72003(X~2.03643) | 2 |0.1031|0.5-0.90 | 30.10 -
MGK : _ ' N -

~ repellent 166 | y=5.60548-+1. 68779(X—2. 07760) 2 |0.9279 |-0.70—0.50 | 52.34

11 . :

Tabutrex | 262 | y=5.27812+1.27738(X—2.16838) | 2 .| 0.0273 | 0.99—0.98 | 89.25

“methods, at any arbitrary point, are difficult to
‘compare, since the efficiency of repellent action
- (b) varies with the testing methods. As shown

in" Table 8, there was little difference in the

order of effgctiveness, whereas the degree of
- each effect varied with the .testing ‘methods.

These phenomena- may be due to a difference ’
\in response of flies to the bait used. The bait --

- used in the laboratory tests was a' taste material
viz. lactose, while odorous: materials such as
mashed entrails of fish were used as fly attrac-
-tants in field tests. In these methods, a measure
of the effectiveness of test repellent is derived
from its ’ability to prevent an insect from feeding
on baits, either natural or chemical, and,-
thetefore, it is natural that each bait has a

Table 8. Sexual difference of susceptigi]ity in éhe houseflies and cémparison of tl_xe_
order of effectiveness of four repellents at the ED-50 resulted from various testing
methods. i . .

/ | o eifactiveness Nose G 000
Material tested Method " (log ED-50) i " (antilog) |
Female Male . Female ‘Male
I 2.34521 2.53826 221.41 315.35 -
Crag fly repellent 11 . 2.62067 282973 | 41751 675.66
‘ It 2. 25920 o . .. 181.63
. I 1. 52068 1. 50090 . 33.17 ' - - 31.69
Diethyl toluamide I  1.418% | 1. 69586 - 26.24 © 4964
| III 1. 47856 ‘ ’ 30.10
I | 195297 1.92691 . 89.74 84.51
MGK repellent 11 |, I 1.91156 1.91264 8158 . 8L78"
| mo 1.71886 5234 -
I ' 1.83874 1.95578" 68. 98 oo 90.32
Tabutrex II | 2.06002 1.95151, 114.81 " 89.44
' I . 1..95062 89.25

Method I: Test with a single dose. II:

in outdoor, irrespective of sex.
o )
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different influence upon the results.
- Although it is difficult to indicate the repellent
efficiencies in quantitative expression, there are
some reasons to express the repellent effects in
quantitative‘ terms. In strict sense, if a repellent
allows only one insect to alights on a surface
which has been treated with it, it will be
- concluded that its effect has disappeared, or
t}iat it is not a repellent. Practically, however,
if a large number of biting insects attack an
untreated animal, whereas the treated animal
‘has on]y a few, it will be concluded that it is
efﬁcacxous material, bacause the repellent brmgs
The degree
expressed . in

a greater comfort: on the animal.

of repellent effect - must be

quantitative terms as in the estimation of an_

insecticidal effect.

The methods reported in the present .paper
may not be sufficient to solve the ’ general
‘problem of testing repellents, but they seem to
be useful to evaluate the effect of some repellents
in practlce

Finally, a convenient method, termed Sandwich-
Method,

for testing some fly repellents 3% is
added. o )

Résumé

Some methods for evaluating the effectiveness

of certain répe]]ents against the common housefly, -

Musca domestica vicina Macq., were reported.

However,

1) Bliss, C. I : Ann. appl. Biol.

The data from various testing methods were
fitted to provisional regression lines when the
percentages of repellency had converted. into
probit and plotted against the dosages in logari-
thm. From the results of the analysis, it was
concluded that these methods were so reliable
that the data from a series of tests in laboratory
or outdoors could be compared each other.
the results of the' tests were not
directly comparable unless the comparison could
be made at the median effective dose, since the
slope of curve in each repeilent varied with the
testing methods. It is obvious that the bait used
as fly attractants had some influences upon the
difference of the results in each method.
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