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A SUMMARY OF RECENT INSECTICIDAL TESTS
ON SOME INSECTS OF MEDICAL IMPORTANCE
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Taiwan Provincial Malaria Research Institute,
Chao-chow, Ping-tung, Taiwan

SYNOPSIS

The author describes some investigations carried out on a number
of insects of medical importance in Taiwan (six species of Anopheles,
one species of Culex, one of Aides, two subspecies of Musca domes-
tica and one species of Cimex) with the object of finding out
whether resistance to DDT and BHC had developed among them
as a result of the insect-control campaigns which have been in opera-
tion in the island since 1948.

Of the anophelines, certain strains of A. minimus and A. h. sinensis
were found to have a relatively high and statistically significant toler-
ance to DDT, but whether this can be regarded as developed resistance
remains to be ascertained. As to the other insects examined, some
strains exhibited statistically significant differences in tolerance to
DDT; in certain cases, however, the ancestors of the tolerant strains
had never been exposed to DDT, and it has not been possible yet to
find an explanation for this phenomenon.

No significant difference in susceptibility to y-BHC was shown by
three strains of Cimex hemipterus, two of which had previously been
exposed to mixtures of DDT and BHC and one of which had not.

Since early in 1948, synthetic insecticides have been in use in Taiwan
for the purposes of community-wide control of vector or nuisance insects.
During 1948 through 1950, two villages in Ping-tung Hsien were treated
experimentally with DDT to control malaria by controlling both the adults
and larvae of anopheline mosquitos. A military camp received DDT
residual sprays repeatedly from 1950 onwards as an antimalaria as well as
an anti-bed-bug measure.

The island-wide antimalaria campaign by means ofDDT residual spraying
was started in 1952 and came into full swing in 1954, when practically the
entire island was covered. Almost complete coverage was also attained in
1955 and 1956, but during these two years some areas were treated with a
mixture of DDT and BHC to control some DDT-resistant nuisance insects
as well as Anopheles. This insecticide campaign is scheduled to be concluded
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by the middle of 1963, by which time it is expected that malaria will have
been eradicated from the island.

Since the synthetic insecticides have long been in use and are still to be
used for some time, the possibility of development of insecticide resistance
among the malaria vectors has been a matter of great concern among the
public health workers directly or indirectly concerned. Moreover, some
resistant strains of insects other than anophelines have from time to time
created difficult situations, by causing the public to lose faith in the DDT-
spraying operators or interest in the insecticide. Yet, in spite of the early
introduction and the intensive and extensive use of the synthetic insecticides,
few precise investigations have been carried out on the susceptibility to
insecticides of medically important insects in this island. So far as the
writer is aware, a recent report by Chen et al. (1956) on a DDT-resistant
strain of the bed-bug, Cimex hemipterus, is the only existing record based
on careful insecticidal tests on the local insects of medical interest.

The present paper summarizes the results of insecticidal tests carried
out during the past two years by the writer and the members of the Ento-
mology Laboratory, Taiwan Provincial Malaria Research Institute. The
insects tested were: six species of Anopheles, one species each of Culex and
Aedes, two subspecies of Musca domestica, and one species of Cimex.

For statistical analysis of the results, the log-concentration/probit
regression line for each series of tests was drawn in accordance with Bliss's
method (1935) and the LD50 was read graphically. The determination of
fiducial intervals of the LD50 and the comparison of LD50's by t test were
done by Swaroop & Uemura's method.a

It is hoped that these data will be useful to public health and research
workers interested in the problem of insecticide resistance in Taiwan, as well
as in the neighbouring countries with similar fauna.

Susceptibility of Anopheline Mosquitos to DDT

For testing the susceptibility to DDT of anopheline mosquitos, the
method developed by Busvine & Nash (1953) was adopted. The only differ-
ence was that, in our tests, we collected engorged females at night, using
water-buffaloes as bait, and exposed them in testing-chambers before noon
the next day, instead of breeding and feeding mosquitos in the laboratory.
In one case unengorged females bred from pupae and larvae collected
from the field were used to provide data comparable to those obtained a
few years ago.b

During February 1956 through May 1957, a total of six species of ano-
phelines were tested for their respective susceptibility to DDT: A. minimus

a Unpublished working document WHO/Mal/178 (1956).
b The writer wishes to express his thanks to Dr P. T. Tseng, Taiwan Provincial Malaria Research Institute,

for his generosity in providing these data.
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Theobald, A. hyrcanus sinensis Wiedemann, A. maculatus Theobald, A.
ludlowi Theobald, A. tessellatus Theobald, and A. subpictus indefinitus
Ludlow. Of these six species, the first two were tested rather frequently,
using mosquitos collected from various localities, while each of the other
four was subjected to only one series of tests, using mosquitos collected
from one locality. The localities where the anophelines were collected,
the number of DDT-sprayings completed, the state of the mosquitos, and
the atmospheric conditions during the testing period of each series of tests
are tabulated in Tables 1, III and VI.

The results of the tests are summarized in Tables II, IV and VII, and
shown as log-concentration/probit regression lines in Fig. 1, 2, 3 and 4.

Relative susceptibility to DDT of the various species of anopheline mosquitos
tested (Tables I and II; Fig. 1)
Of the various species of anophelines tested in Taiwan, A. minimus-

the main malaria vector of the island-is the most susceptible to DDT, the
range of LD50 levels of this species being 0.09-0.22. In fact, it is one of the

TABLE I. ORIGIN AND STATUS OF VARIOUS SPECIES OF ANOPHELINE
MOSQUITOS TESTED AND ATMOSPHERIC CONDITIONS DURING EACH SERIES

OF TESTS

Symbol of Ternpera-
legression Species Locality DDT Date ture Humidityline in spraying of test (OF)** (%)

A A. minimus Shin-men, Mu-tan, Never 19-21 May 81-83 78-80
Ping-tung Hsien sprayed 1956 (73-87) (73-87)

B A. minimus Chi-shan-li, 4 sprayings 28 May to 67-77 74-88
Shih-lin, (1953-56) 2 April (64-77) (74-88)
Yang-min-shan 1957
District

C A. Iudlowi Shih-men, Mu-tan, Never 7-8 March 76-83
Ping-tung Hsien sprayed 1957 (53-88) (61-82)

D A. tesse//atus Ta-lin, Chi-shan, 4 sprayings 19-21 Aug. 84-92 69-74
Kao-hsiung Hsien (1952-55) 1956 (82-93) (63-74)

E A. maculatus Shih-men, Mu-tan, Never 1-8 June 75-89 62-90
Ping-tung Hsien sprayed 1956 (73-90) (61 -100)

F A. s. Chuan-tou-li, 2 sprayings 23-25 June 83-87 68-76
indeflnitus Tung-kang, (1955-56) 1957 (80-87) (68-85)

Ping-tung Hsien

G A. h. sinensis Lin-chi-li, Shin-lin, 4 sprayings 20-25 March 64-77 84-88
Yang-mi n-shan (1953-56) 1957 (61-81) (80-88)
District

H A. h. sinensis Kang-tsu-keng, 2 sprayings 14-17 April 73-75 78-79
Hsin-yuan, (1955-56) 1957 (71-82) (68-81)
Ping-tung Hsien

* Wild-caught, engorged females ** tF=5/9(t-32)°C
The strains of A. minimus and A. h. sinensis represented here have shown, respectively, the

minimum and the maximum LD5o ever assessed for these species.
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FIG. 1. LOG-CONCENTRATIONIPROBIT REGRESSION LINES INDICATING RELATIVE
SUSCEPTIBILITY TO DDT OF VARIOUS SPECIES OF ANOPHELINE MOSQUITOS
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For explanation of symbols, see Table I.

most susceptible to DDT of the anophelines that have ever been tested,
the LD50 of 0.2 assessed by Ansari (unpublished data, 1956) for a field
strain of A. sacharovi in Iran being the lowest hitherto recorded (see Busvine,
1956).

On the other hand, the most tolerant to DDT of the anophelines is
found to be A. h. sinensis. The LD50 levels assessed for this species range
from 1.57 to 8.5, whereas no LD50 ever assessed for the other species of
Anopheles on this island was higher than the lower limit.

Of the six species of anophelines which were tested and are reported on
here, A. maculatus had been tested previously by Wharton (1955), who
assessed the LD60 of mosquitos of the above species collected from the field
in Malaya and reported it to be 0.4. Apparently there are still no reports
on the susceptibility to DDT of the other five species of anophelines from
other parts of the world. The LD50 of A. maculatus in Taiwan is assessed
at 0.6, and the LD60's of A. ludlowi, A. tessellatus and A. s. indefinitus are
assessed at 0.18, 0.38 and 0.93, respectively.

Relative susceptibility to DDT of A. minimus from different localities
(Tables III, IV and V; Fig. 2).

In 1956, it was impossible to find enough mosquitos of the above species
for testing purposes in places treated with DDT, despite the thorough

627
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TABLE I1. ORIGIN AND STATUS OF MOSQUITOS OF A. MINIMUS TESTED * AND
ATMOSPHERIC CONDITIONS DURING EACH SERIES OF TESTS

Symbol of
regression Locality DDT Date Temperature Humidity

line in spraying of test (OF) ** (%)
Fig. 2

A Shih-men, Mu-tan, Never 19-21 May 81-83 78-80
Ping-tung Hsien sprayed 1956 (73-87) (73-87)

B Shih-men, Mu-tan, Never 26-30 April 74-84 39-83
Ping-tung Hsien sprayed 1957 (74-94) (39-83)

C Chi-shan-li, Shih-lin, 4 sprayings 28 March to 67-77 74-88
Yang-min-shan District (1953-56) 2 April 1957 (64-77) (74-88)

D Lin-chi-li, Shih-lin, 4 sprayings 20 March to 64-77 74-88
Yang-min-shan (1953-56) 2 April 1957 (61-81) (74-89)
District

* Wild-caught, engorged females
** tF=5/9 (t-32)OC

TABLE IV. RESULTS OF INSECTICIDAL TESTS ON MOSQUITOS OF A. MINIMUS
FROM THREE LOCALITIES

Concentration Percentage mortality*
of DDT in
Risella oil Shih-men, Shih-men, Chi-shan-li, Lin-chi-li,

(%) May 1956 April 1957 Nov.-Apr. 1957 Mar.-Apr. 1957

0.6 98.9 (90) 81.2 (32) 92.5 (40) 88.0 (50)
0.3 78.9 (90) 57.8 (33) 67.5 (40) 56.0 (50)

0.1 60.0 (90) 45.5 (33) 47.5 (40) 32.7 (49)
0.06 48.8 (90) 33.3 (33) 34.2 (38) 20.8 (48)
0.03 27.8 (90) - 31.6 (38) 8.3 (48)

Control 12.2 (90) 6.1 (33) 26.3 (38) 10.9 (46)

Number of repli-
cates of test 3 3 6 13

Symbol of regres-
sion line in Fig. 2 A B C D

LDso (95 % fiducial 0.09 0.17 0.20 0.22
intervals) (0.07-0.12) J (0.11-0.26) (0.16-0.25) (0.17-0.28)

* The number of mosquitos tested is shown in parentheses.

searches that were made at various places throughout the island. The
mosquitos tested during that year were collected from aboriginal farms
near Shih-men village, Mu-tan township, Ping-tung Hsien, where DDT
had never been applied. During March to April 1957, limited numbers of
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TABLE V. COMPARISON OF THE LDso LEVELS ASSESSED FOR MOSQUITOS
OF A. MINIMUS FROM THREE LOCALITIES

Ratio ofI m- m ~~~SignificanceRat'o oft ~ ~ * difference atStrains compared LD5o's \ V(m) (ml) 5 0 level 1 0 level

Shih-men, Shih-men, 1.89 2.44 +
April 1957 May 1956

Chi-shan-li, Shih-men,
March-April 1957 May 1956 2.2 4.40 + +

Lin-chi-li, Shih-men,
March-April 1957 May 1956 2.4 4.62 +

Chi-shan-li, Shih-men,
March-April 1957 April 1957 1.18 0.65

Lin-chi-li, Shih-men,
March-April 1957 April 1957 1.29 1.08

Lin-chi-li, Chi-shan-li,
March-April 1957 March-April 1957 1.1 0.56 -

* The symbols mi and m2 denote the logarithmic values of the two LDso's to be compared and V(m,)and V(m.) their variances.

FIG. 2. LOG-CONCENTRATION/PROBIT REGRESSION LINES INDICATING RELATIVE
SUSCEPTIBILITY TO DDT OF A. MINIMUS FROM THREE LOCALITIES

For explanation of symbols, see Table Ill.
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A. minimus were collected from Lin-chi-li and Chi-shan-li villages, Yang-
min-shan District, where DDT sprays had been applied for four consecutive
years, so that susceptibility tests could be carried out. In the same year,
adults of A. minimus were collected from the aboriginal farms near Shih-
men village, and tested for their susceptibility to DDT for the second time.
The LD50's assessed for the Shih-men strain at different times, and for the
Chi-shan-li and Lin-chi-li strains, were compared with one another. The
ratio of the LD50's and the comparison of LD50's by t test (Swaroop &
Uemura a) are shown in Table V.

The fact that the LD50's of the Lin-chi-li and Chi-shan-li strains are
significantly higher than the LD50 assessed during 1956 for the Shih-men
strain seems to indicate that the former two strains of A. minimus have
developed some resistance to DDT. But it is uncertain whether the relatively
high tolerance to DDT shown by these two strains of A. minimus can be
regarded as developed resistance to DDT. It is doubtful because: (a) the
LD50 assessed for the Shih-men strain was significantly higher in 1957 than
in 1956, although DDT had never been used in that area; and (b) the LD50's
of the Lin-chi-li and Chi-shan-li strains are not significantly higher than
the LD50 assessed during 1957 for the Shih-men strain. The factors involved
in the apparent increase of tolerance to DDT by A. minimus from aboriginal
farms near Shih-men village, whereDDT has never been applied, are unknown,
and future investigations are necessary in this regard. These same factors
may also be responsible for the relatively high tolerance to DDT shown
by the Chi-shan-li and Lin-chi-li strains of A. minimus. For these reasons,
it is not justifiable, at the present stage, to regard these relatively high
tolerance levels as developed resistance to DDT; nevertheless they should
by no means be overlooked.

Relative susceptibility to DDT of A. h. sinensis from different localities
(Tables VI, VII and VIII; Fig. 3 and 4)

In the present series of tests, altogether 11 strains of the subsidiary
malaria vector, A. h. sinensis, were tested for their susceptibility to DDT.
The LD50 assessed for each strain was compared with that assessed during
1956 for the Shih-men strain. Some of the LD50's, which were compara-
tively higher than the LD50 assessed during 1956 for the Shih-men strain,
were compared also with that assessed for the same strain in 1957. Compari-
sons were also made of the LD50 levels assessed for the Chuan-tou-li,
Shih-men and Kang-tsu-keng strains at different times. The ratio of LD50's
and comparisons of LD50's by t test (Swaroop & Uemura a) are shown in
Table VIII.

a Unpublished working document WHO/Mal/178
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TABLE Vil. COMPARISON OF THE LDso LEVELS ASSESSED FOR MOSQUITOS OF
A.H. SINENSIS FROM VARIOUS LOCALITIES

Ratio of t mI - m2 *
Significance of difference at

Strains compared LD50's Vm +1 60 /\lV(m,) ~+ (-m2) 55% level |1 % level

Hsin-tsu, Shih-men,
Feb. 1956 May-June 1956 1.04 0.31 -

Wu-kou-swei, Shih-men,
Feb.-Mar. 1956 May-June 1956 1.11 0.55 -

Chuan-tou-li, Shih-men,
March 1956 May-June 1956 1.36 2.31 -

Chuan-tou-li, Shih-men,
Sept. 1956 May-June 1956 1.25 1.62 -

Ta-lin, Shih-men,
Aug. 1956 May-June 1956 1.58 3.23 +

Lin-chi-li, Shih-men,
March 1957 May-June 1956 0.87 1.11 -

Tou-feng, Shih-men,
March 1957 May-June 1956 1.22 1.64 _

Chiu-peng, Shih-men,
April 1957 May-June 1956 1.25 1.11 _

Shih-men, Shih-men,
April 1957 May-June 1956 1.89 4.86 +

Shan-wu, Shih-men,
April 1957 May-June 1956 2.36 5.18 +

Kang-tsu-keng, Shih-men,
May 1957 May-June 1956 2.89 2.52 +

Chang-liu, Shih-men,
May 1957 I May-June 1956 3.44 5.32 ±

Kang-tsu-keng, Shih-men,
April 1957 May-June 1956 4.72 2.17 +

Chuan-tou-li, I Shih-men,
March 1956 April 1957 0.72 3.18 ±

Ta-lin, Shih-men,
August 1956 April 1957 0.84 1.54 _

Shan-wu, Shih-men,
April 1957 April 1957 1.25 1.56 _

Kang-tsu-keng, Shih-men,
May 1957 April 1957 1.53 1.03 _

Chang-liu, Shih-men,
May 1957 April 1957 1.82 2.74 +

Kang-tsu-keng, Shih-men,
April 1957 April 1957 2.50 1.28 _

Chuan-tou-li, Chuan-tou-li,
March 1956 I Sept. 1956 1.09 0.77 _

Chuan-tou-li, Chuan-tou-li,
March 1956 Sept. 1954 1.5 1.59 _

Kang-tsu-keng, Kang-tsu-keng,
April 1957 May 1957 1.63 0.60 _

* The symbols m, and m2 denote the logarithmic values of the two LD50's to be compared
and V(m,) and V(m2) their variances.



RECENT INSECTICIDAL TESTS IN TAIWAN 635

FIG. 3. LOG-CONCENTRATIONIPROBIT REGRESSION LINES INDICATING RELATIVE
SUSCEPTIBILITY TO DDT OF A. H. SINENSIS FROM VARIOUS LOCALITIES,

SEPTEMBER 1954 TO SEPTEMBER 1956
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If the LDrO assessed during 1956 for the Shih-men strain is used as a
criterion, it appears that six strains of A. h. sinensis-Chuan-tou-li, Ta-lin,
Shih-men, Shan-wu, Kang-tsu-keng and Chang-liu-have a relatively
high tolerance to DDT, but it is uncertain whether this tolerance can be
regarded as developed resistance to DDT. It is doubtful because: (a) the
LD50 assessed for the Shih-men strain was significantly higher in 1957 than
in 1956, although DDT had never been applied in that area; and (b) of the
LD50 figures for these six strains, only that of the Chang-liu strain is signi-
ficantly higher than the LD50 assessed during 1957 for the Shih-men strain.
The factors involved in the apparent increase of tolerance to DDT by the
Shih-men strain, which had never been exposed to DDT, are unknown
and need to be investigated. These same factors may also be responsible
for the relatively high tolerance to DDT shown by the other strains. For
these reasons, it is not justifiable, at the present stage, to apply the popular
term " DDT-resistance " to these instances of relatively high tolerance to
DDT. But these relatively high tolerance levels to DDT, especially those
shown by the Kang-tsu-keng, Chang-liu and Shan-wu strains, should by
no means be overlooked.

The difference between the two LD50's assessed for the Kang-tsu-keng
strain, one in April and the other in May 1957, is statistically not significant;
nor is the difference between the two LD50's assessed for unfed females of
Chuan-tou-li strain before (1954) and after (1956) the area had a single
DDT-spraying.

The two LD50's assessed for engorged females of the Chuan-tou-li strain
at different times of the year, March and September 1956, are very close
to each other. However, when these two LD50's are compared with the
LD50 assessed during 1956 for the Shih-men strain, the March figure is
significantly (at 5% level of significance), although slightly, higher, while
the September figure is not. These facts indicate that comparisons of
insecticide-susceptibility levels of two strains of anophelines, performed by
comparing the results of one series each of susceptibility tests on them,
may sometimes be misleading.

The results of tests applied to strains of mosquitos of relatively high
tolerance, such as the Kang-tsu-keng, Chang-liu and Shan-wu strains,
show that one hour's exposure to 4% DDT in Risella oil did not kill more
than 50% of the test mosquitos. This is of considerable importance, because
only a little more than 4% DDT can be dissolved in Risella oil, and highly
tolerant mosquitos cannot be adequately tested with such low dosages.

Susceptibility of Culex fatigans Wiedmann to DDT

During September and November 1956, larvae of Culexfatigans reared
from eggs collected from Chao-chow village, Ping-tung Hsien (WCC),
were tested for their susceptibility to DDT along with those of two labora-

636



RECENT INSECTICIDAL TESTS IN TAIWAN

tory colonies. The laboratory colonies, the ancestors of which were collected
from Tai-hsi village, Yun-lin Hsien (TH), and from Chao-chow village,
Ping-tung Hsien (OCC), respectively, were set up simultaneously in March
1955.

In Chao-chow village, from January 1950 through May 1951, an inten-
sive mosquito-larva control project was carried out by spraying every
existing water surface with DDT emulsion. The larvicide was applied in
three series of spraying rounds: the first from 30 January 1950 to 18 April
1950, the second from 22 August 1950 to 3 November 1950, and the third
from 22 February 1951 to 5 May 1951. In each series, the spraying was
repeated at 10-day intervals, though some exceptional rounds were made
at 7- or 8-day intervals. The doses, in terms ofDDT per acre, were 0.1 pound
(45 g) for rice fields and 0.4 pound (180 g) for rivers and ditches. In Chao-
chow, after the larvicide applications, the houses and livestock shelters were
sprayed with residual DDT once a year in 1952, 1954 and 1955 (August-
October). The standard dose for these annual DDT residual sprayings
was 2 g of DDT per M2.

Thus, when the susceptibility tests were carried out, the wild mosquitos
of Chao-chow had lived through three annual DDT residual sprays in
addition to the DDT emulsions; the Chao-chow laboratory colony had
experienced the DDT emulsions and two residual sprays with one year's
lapse in between, but had not been exposed to DDT pressures for at least
one-and-a-half years, or more than 20 generations; and the Tai-hsi labo-
ratory colony had never experienced DDT in any form.

In the first series of tests, TH was compared with OCC, while in the
second OCC was compared with WCC. The temperature and humidity in
the laboratory varied considerably during the testing period, as shown
below:

Series 1 Series 2

Period of test .... . 8 September to 4 November 10 to 16 November
Temperature ...... . 87- 730 F (30.6 - 22.8°C) 84-73°F (28.9-22.8°C)
Humidity . . . . . . . . 90%- 72% 94 %, - 72 4

Procedure

The procedure adopted in carrying out the tests on the early 4th-instar
larvae was as follows:

By means of a pipette, 0.1 ml of a solution of DDT in absolute alcohol
was added to 250 ml of water in a beaker of 800-ml capacity. Batches of
25 larvae were then introduced into the DDT suspension by means of a
cotton-gauze strainer. After six hours' exposure, the larvae were removed
again with the strainer, washed carefully with tap-water, and released into
250 ml cf clean water in a 250-ml beaker. A different strainer was used for
each dose of insecticide and was used constantly for that dose only. A small
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quantity of dried yeast was measured by a paper-point and given to the
larvae in the recovery beaker. Counts were made of the dead and moribund
larvae 24 hours after the end of the exposure to DDT. The dose of DDT
was expressed as parts per million in the final aqueous suspension.

Results
The results of the tests are summarized in Table IX, and shown as log-

concentration/probit regression lines in Fig. 5.

TABLE IX. RESULTS OF INSECTICIDAL TESTS ON 4TH-INSTAR LARVAE OF
C. FATIGANS

Concentration Percentage mortality*
of DDT in

final aqueous Series 1 Series 2
suspension

(Pepnms) TH ** OCC ** OCC ** WC**

32 - - - 50.0 (50)

16 - - - 40.8 (71)

8 - - - 29.5 (71)

4 - - - 7.0 (71)

1.6 88.8 (98) 84.6 (123) 85.3 (75) -

0.8 79.6 (98) 79.2 (125) 68.0 (75) -

0.4 68.7 (99) 56.2 (121) 37.3 (75) -

0.2 46.4 (97) 39.8 (123) 22.7 (75) -

Control 0 (92) 0 (120) 0 (75) 0 (72)

Number of repli-
cates of test 4 5 3 3

* The number of larvae tested is shown in parentheses.
** TH=Tai-hsi laboratory colony; OCC=Chao-chow laboratory colony; WCC=Chao-chow

larvae from wild-caught eggs.

The LD50's with 950% fiducial intervals of the tested strains are listed
below:

Series I . . .

Series 2. . .

Strain

...... ..TH
OCC

...... .OCC
wCC

LD50 with 95% fiducial intervals

0.21 (0.17 - 0.26)
0.29 (0.23 - 0.36)
0.50 (0.42 - 0.59)

26.0 (17.95 - 37.67)

The ratio of the LD50's and the results of the t tests are as follows:
Strains

compared

OCC(1): TH
WCC : OCC(2)
OCC(2): OCCM

Ratio
ofLD,,'s

1.4
52.0
1.7

Value of t Significlanc/e of diffierence atValue0 5% level+Y level

2.00 +-

18.86
3.76

+ +

+ +
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FIG. 5. LOG-CONCENTRATION/PROBIT REGRESSION LINES INDICATING RELATIVE
SUSCEPTIBILITY TO DDT OF THREE STRAINS OF C. FATIGANS
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TH=Tai-hsi laboratory colony; OCC(1) = Chao-chow laboratory colony (series 1); OCC(2)=
Chao-chow laboratory colony (series 2); WCC=Chao-chow larvae from wild-caught eggs.

Discussion

The LD50 of OCC varied significantly between the two series of tests.
This change in susceptibility of a colony, with no difference in procedure,
may be due to the variations of the uncontrolled atmospheric conditions
in the laboratory. But the change in susceptibility of OCC does not neces-
sarily invalidate the results of the present tests, since in each series of tests
OCC was tested in parallel with the strains with which it was compared.

The OCC and TH colonies showed no marked difference in susceptibility.
This may probably be attributed to the loss of the devel3ped resistance by
the OCC colony during its long confinement in the laboratory, where there
was no chance of contact with insecticides. Unfortunately there was no time
to wait until the WCC colony had passed through several generations, and
then compare its susceptibility with that of the wild mosquitos from Chao-
chow. The loss of developed resistance to BHC within some ten genera-
tions after a resistant strain of C. fatigans in Malaya was released from
BHC-pressure has been reported by Reid (1955).

Susceptibility of Aedes aegypti (Linnaeus) to DDT

In order to find out whether the local Aedes aegypti had developed
resistance to DDT, a search for this mosquito was made in places where
they once flourished. The places searched during August 1956 included
seven townships in three Hsiens, Yun-lin, Chia-I and Tai-nan, where houses
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and livestock shelters had been sprayed with residual DDT at least once.
Not a single larva of Aedes aegypti was found in any of these townships,
despite the thoroughness of the search.

Owing to this difficulty in finding the mosquitos in places treated with
DDT, two laboratory colonies were tested for their susceptibility to DDT,
as a preliminary to future studies. The colonies tested were: (a) a normally
susceptible strain obtained from the London School of Hygiene and Tro-
pical Medicine (N); and (b) a local strain collected from Kao-hsiung city,
where DDT has never been sprayed (KH). The generation tested for the
KH strain was the F2. On the N strain, four replicates of tests were done
during 1-10 August. During this testing period the temperature and humi-
dity varied from 80°F to 88°F (26.7-31.1 C) and from 73 % to 94 %, respec-
tively. While in the case of the KH strain, owing to the great difficulty of
obtaining enough eggs, only two replicates could be performed, the first
on 11-12 September, and the second on 6-7 October. The temperature and
humidity during the first set of tests were 79-87°F (26.1-30.6°C) and 73-
84%, respectively, and during the second set were 78-85°F (25.6-29.3°C)
and 81-90%, respectively.

The testing method applied to the early 4th-instar larvae of A. aegypti
was the same as that applied to the larvae of C. fatigans. The dose of DDT
was also expressed as parts per million in the final aqueous suspension.

Results
The results of the tests are given in Table X, and shown as log-concen-

tration/probit regression lines in Fig. 6.
TABLE X. RESULTS OF INSECTICIDAL TESTS ON 4TH-INSTAR

LARVAE OF A. AEGYPTI

Concentration of DDT Percentage mortality *
in final aqueous

suspension
(p-p-m.) N KH

0.4 90.0 (90) -

0.32 82.6 (92) 60.0 (30)

0.24 60.0 (85) 33.3 (36)

0.16 32.9 (70) 22.2 (27)

0.12 17.6 (68) 2.6 (39)

0.08 7.2 (69) _

Control 0 (68) 0 (33)

Number of replicates of
test 1 4_ _ ] 2

* The number of larvae tested is shown in parentheses.
* N=normally susceptible strain from the London School of Hygiene and

Tropical Medicine; KH=strain from Kao-hsiung.
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FIG. 6. LOG-CONCENTRATIONIPROBIT REGRESSION LINES
INDICATING RELATIVE SUSCEPTIBILITY TO DDT

OF TWO STRAINS OF A. AEGYPTI
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N=normally susceptible strain from the London School of Hygiene
and Tropical Medicine; KH=strain from Kao-hsiung.

The LD50's of the two strains together with their respective 95 % fiducial
intervals were as follows:

Strain
N
KH

LD50 with 95% fiducial intervals
0.05 (0.040 - 0.063)
0.07 (0.060 - 0.082)

When these LD50's are compared by t test, the difference is significant
at the 5% level of significance, but not at the 1 % level (t = 2.35). The ratio
of LD50's is 1.4.

Susceptibility of Musca domestica vicina Macquart to DDT

Two laboratory colonies of M. d. vicina-(a) Chi-shan, Kao-hsiung
Hsien (CS); and (b) Tung-kang, Ping-tung Hsien (TK)-along with a
normally susceptible colony of M. d. domestica Linnaeus (N), were tested
for their respective susceptibility to DDT. The Tung-kang strain was set
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up on 29 April 1954 and tests were done on the 44th generation, while the
Chi-shan strain was set up on 18 June 1954, and the generation tested was
the 36th. When these colonies were established, the houses and livestock
shelters in Chi-shan township had already been sprayed with DDT for two
successive years, while those in Tung-kang township had not been sprayed.

Procedure

In these tests definite numbers of the early 3rd-instar larvae were counted
into test media containing the insecticide in different concentrations. The
formula for a test medium is as follows:

Powdered milk......... 5 g
Dried yeast.. ........ 5 g
Agar......... I g
DDT suspension (or water, if it is for Control) 50 ml

The above ingredients were boiled together in a small metal pot until
the medium became thick (in approximately 10 minutes), and the medium
was then poured into a wide-mouthed bottle of 250-ml capacity. The larvae
were introduced after the medium had gelled and cooled. It was found that
this amount of medium was just enough for testing 50 larvae. A layer of
sawdust was added to the top of the medium to provide a suitable place
for the mature larvae to pupate. The bottle was then sealed by means of
a piece of gauze and a rubber band, and kept in a cage to prevent oviposition
by extraneous flies. Counts were made of the flies that emerged. The dose
of DDT was expressed as the percentage of DDT in the suspension, i.e.,
the liquid part of the medium.

Results
The results of the tests are tabulated in Table XI, and shown as log-

concentration/probit regression lines in Fig. 7.
The LD50's of the tested strains together with their respective 95%

fiducial intervals are listed below:

Colony LD,O with 95 % fiducial intervals
N 0.0035 (0.0022 - 0.0056)
TK 0.076 (0.062 - 0.093)
CS 0.125 (0.088 - 0.179)

The ratio of the LD50's and the results of the t tests are as follows:
Colonies Ratio Value Significance of difference at
compared ofLD,0's of t 5% level 1 % leve
N: TK 21.7 11.73 + +
N: CS 35.7 11.85 + +

TK: CS 1.6 2.37 + -
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TABLE XI. RESULTS OF INSECTICIDAL TESTS ON 3RD-INSTAR LARVAE
OF M. D. VICINA AND M. D. DOMESTICA

643

* The number of larvae tested is shown in parentheses.
** N=normally susceptible colony; TK=Tung-kang laboratory colony; CS=Chi-

shan laboratory colony.

FIG. 7. LOG-CONCENTRATION/PROBIT REGRESSION LINES INDICATING RELATIVE
SUSCEPTIBILITY TO DDT OF COLONIES OF M. D. VICINA AND M. D. DOMESTICA
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N=normally susceptible colony; TK=Tung-kang laboratory colony; CS=Chi-shan laboratory
colony.
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Discussion

It is quite clear that both the Tung-kang and Chi-shan colonies are much
more tolerant to DDT than the normally susceptible colony. However,
the fact that the Tung-kang colony is evidently much more tolerant than the
normally susceptible colony, although Tung-kang had not been sprayed
with DDT when the ancestors of the colony were collected, is rather puzzling.
Busvine & Harrison (1953) have observed an equally puzzling phenomenon
in two Nigerian strains, Lagos and Ilaro, of the same subspecies, M. d.
vicina. According to them these two strains were decidedly more resistant
( x 5.4) to DDT than was their normally susceptible strain ofM. d. domestica
from England, although " . . . there appears to have been no systematic
house-spraying by the authorities in Lagos and it is unlikely that much
DDT has been used by the inhabitants " and " no DDT was used in the
house-spraying at Ilaro ". At the moment, these puzzling phenomena
cannot be satisfactorily explained.

Susceptibility of Cimex hemipterus Fabricius to y-BHC

In November 1955, the houses in Wuo-lan-pi and Hai-kou, Ping-tung
Hsien, were experimentally sprayed with mixtures of DDT and BHC to
see if the DDT resistant bed-bugs could be controlled in this way. The use
of DDT was continued, because the insecticide spraying of the houses was
carried out primarily for the purpose of controlling malaria. The formulae
of the mixtures used were as follows:

Wuo-lan-pi (mixture A): DDT ...... . . . . . 2 g per m2
y-BHC ..... . . . . . 17 mg per m2

Hai-kou (mixture B): DDT ...... . . . . . 1.5 g per m2
y-BHC ..... . . . . . 45 mg per m2

A survey conducted one month after spraying in 1955 revealed that a
satisfactory control was attained by mixture B, and that even mixture A
gave a fairly good result. But the results of a follow-up survey carried out
in August 1956 showed that the bed-bug populations in the two villages
were of considerable size, though not equal to the pre-treatment population.
The results of these surveys and of the pre-treatment survey are shown in
Table XII.

During September and October 1956, a series of laboratory tests was
carried out to determine whether the bed-bugs from Wuq-lan-pi and Hai-kou
had developed resistance to y-BHC. The bed-bugs from these two loca-
lities, along with those collected from Chao-chow, where no BHC has
been used, were tested by a method modified from that of Busvine & Nash
(1953) for mosquitos.

644



RECENT INSECTICIDAL TESTS IN TAIWAN

TABLE XII. CONTROL OF BED-BUGS BY HOUSE SPRAYING WITH MIXTURES OF
DDT AND BHC

Number Infested Population of
Village Date of survey of houses houses bed-bugs in terms

examined W of median perinfested house

Before spraying 26 100 20.0

Wuo-lan-pi 1 month after
(mixture A) spraying 26 38.4 3.5

9 months after
spraying 25 76.0 12.0

Before spraying 24 100 13.5

Hai-kou 1 month after
(mixture B) spraying 24 4.2 1.0

9 months after
spraying 24 62.5 6.0

Procedure

The testing method applied to the bed-bugs was as follows. The filter-
paper was treated in exactly the same way as in Busvine & Nash's method
for mosquitos. After the volatile solvent had evaporated the filter-paper
was cut into pieces as shown in Fig. 8. Cuts were made along the solid lines
indicated in the figure. An exposure chamber was made up by lining a
glass vial, 1.8 cm in diameter and 7.6 cm in height, with the pieces of filter-
paper " A " and " B ". The circular piece " A " was laid on the bottom of
the vial, and " B " was placed so that it formed a linling to the walls. The

FIG. 8. DIAGRAM SHOWING HOW FILTER-PAPER SHOULD BE CUT TO FORM LINING
OF EXPOSURE CHAMBERS FOR BED-BUGS

WHO 8112
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piece " C " was folded along the dotted line and placed in the vial to provide
a larger resting-surface for the bed-bugs. Thus, one filter-paper could be
used to make two exposure chambers. Five bed-bugs, which had become
engorged 3-4 hours prior to the test, were introduced into each chamber,
and the mouth of the vial was sealed by means of a piece of gauze and a
rubber band. The count of dead bed-bugs was made at the end of the 24-
hour exposure. The doses were expressed as percentages of y-BHC in the
non-volatile oil (Risella oil) solutions.

During the testing period the temperature and humidity in the labora-
tory varied from 75°F (23.9°C) to 87°F (30.6°C) and from 73 % to 94%,
respectively.

Results

The results of these tests are summarized in Table XIII, and shown as
log-concentration/probit regression lines in Fig. 9.

TABLE XIII. RESULTS OF INSECTICIDAL TESTS ON C. HEMIPTERUS
FROM THREE VILLAGES

Concentration Percentage mortality *
ot v-BHC in
Risella oil

(%) Chao-chow Wuo-lan-pi Hai-kou

0.08 100 (35) 97.5 (40) 100 (20)

0.04 82.9 (35) 87.5 (40) 90 (20)

0.02 50.0 (50) 49.1 (55) 55 (20)

0.01 16.0 (50) 25.5 (55) 20 (20)

Control 0 (50) 0 (55) 0 (20)

Number of repli-
cates of test 6-9 6-9 3

* The number of bed-bugs tested is shown in parentheses.

The LD50's assessed for these three strains of bed-bugs, together with
their respective 95 % fiducial intervals, are listed below:

Strain LD,0 with 95% fiducial intervals
Wuo-lan-pi 0.019 (0.016 - 0.023)
Hai-kou 0.018 (0.014 - 0.023)
Chao-chow 0.022 (0.018 - 0.026)

The results of the t tests are as follows:
Strains compared

Chao-chow: Wuo-lan-pi
Chao-chow: Hai-kou

Hai-kou: Wuo-lan-pi

Value of t

1.15
1.32
0.35

Significance of difference
at 5% level
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FIG. 9. LOG-CONCENTRATIONIPROBIT REGRESSION LINES INDICATING RELATIVE
SUSCEPTIBILITY TO v-BHC OF C. HEMIPTERUS FROM DIFFERENT SOURCES
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It is apparent that the LD50's of these three strains of bed-bugs are very
close to one another.

Summary and Conclusions

A total of six species of anophelines- A. minimus, A. h. sinensis, A.
maculatus, A. tessellatus, A. ludlowi and A. s. indefinitus- were tested for
their respective susceptibility to DDT. Of these species, A. minimus was
the most susceptible, and A. h. sinensis was the most tolerant.

Some strains of A. minimus and A. h. sinensis showed relatively high
tolerances to DDT of statistical significance, but whether they can be
regarded as developed tolerance to DDT remains to be ascertained.

Culex fatigans reared from eggs collected from Chao-chow, Ping-tung
Hsien, showed a tolerance to DDT remarkably higher than that exhibited
by two old laboratory colonies of the same species.

As a preliminary to future studies, Aedes aegypti from Kao-hsiung city,
where DDT has never been used for residual spraying of houses, was tested
for its susceptibility to DDT along with a normally susceptible laboratory
strain of the same species.

Old colonies of local strains of Musca domestica vicina from Tung-
kang, Ping-tung Hsien, and Chi-shan, Kao-hsiung Hsien, of which the
former was established before the village was sprayed with residual DDT,
have exhibited a tolerance to DDT notably higher than that of a normally
susceptible laboratory colony of Musca domestica domestica from England.
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Since the populations of Cimex hemipterus at Wuo-lan-pi and Hai-kou,
Ping-tung Hsien, were found to have markedly increased nine months after
these two villages had been treated with mixtures of DDT and BHC, bed-
bugs collected from these two villages were tested in parallel with those
collected from Chao-chow, Ping-tung Hsien, where BHC has never been
used. The suspected bed-bugs from the above two villages showed no sign
of development of physiological resistance to y-BHC.
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RItSUMIt

L'auteur a etudie la resistance au DDT et au HCH de plusieurs especes d'insectes
d'importance medicale, A Taiwan, afin de determiner si un changement etait survenu A
la suite des pulverisations effectuees dans l'ile depuis 1948.

Des six especes d'anopheles examinees - A. minimus, A. h. sinensis, A. maculatus,
A. tessellatus, A. ludlowi et A. s. indefinitus- la premiere etait la plus sensible, la deuxieme
la plus r6sistante. Certaines souches de A. minimus et de A. h. sinensis presentaient une
tolerance elevee, statistiquement significative, mais on ne peut affirmer qu'il s'agit d'une
resistance acquise.

Des Culex fatigans eleves A partir d'aeufs recoltes dans deux localites traitees etaient
notablement plus resistants que les exemplaires provenant de deux anciennes colonies de
laboratoire de la meme esp6ce.

Des essais preliminaires ont porte sur des souches d'Aedes aegypti provenant de
localites non traitees, dont la sensibilite a ete compare'e a celle d'une souche de labora-
toire normalement sensible.

Des colonies anciennes de Musca domestica vicina provenant de differents villages
en particulier d'une localite ou les mouches avaient ete prelevees avant les campagnes

de desinsectisation - presentaient une tol6rance au DDT notablement plus elev6e
que celles d'une souche de laboratoire de Musca domestica domestica, normalement sen-
sible, provenant d'Angleterre.

La resistance de populations de Cimex hemipterus avait considerablement augmente
dans trois villages, neuf mois apres les premieres applications de melanges de DDT et
de HCH. Cependant, compares A des exemplaires provenant de villages non traites, ces
insectes ne presentaient pas de resistance physiologique au HCH gamma.
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