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regression lines at 50% mortality in the backcrosses
and at 25% and 75 % in the F2, presenting very clear
evidence of segregation at a single locus. In the
present study inflections are not as clearly shown,
although they are more evident in the F2 than in the
backcrosses. This is to be expected if the genetic
background modifies the expression of a major
resistance gene.
Although a satisfactory discriminating concentra-

tion has been found to separate the +/+ and R/+
phenotypes in segregation, this has been achieved
with highly inbred colonies and within the restricted
and finely controlled environment of a laboratory.
Consequently the use of this concentration for field
evaluation of phenotype frequency remains prob-
lematical. Theoretically it would be possible to
measure the +/+ frequency and from that to cal-
culate the frequencies of R/+ and R/R; but experi-
mental evidence suggests that in many natural
populations this would lead to an underestimate of
the frequency of the R allele, because in some genetic
backgrounds R/+ larvae would be susceptible to the
discriminating concentration employed.

The question remains whether the relationship
of mortality to time is of the same form as that of
mortality (24 hours' exposure) to concentration, the
method employed in previous studies on Aedes
aegypti. There is the added complication that at short
exposures " mortality " is better described as
" knock-down ", there being some recovery when
' dead " larvae are transferred from the test solution
to clean water. But the amount of recovery decreases
with exposure time and is negligible after 5 hours.
The results are consistent with segregation of a
single pair of alleles. Linkage studies now in progress
are designed to ascertain whether the locus involved
is the same as the locus DDT reported by Professor
A.W.A. Brown and his co-workers.

* *

My sincere thanks are due to Professor R. Dennell for
providing the excellent laboratory and insectary facilities
which have made this work possible. I would also
extend my thanks to Mr Michael Jaiyeola and Mr Peter
Dixon for their technical assistance, to Miss Dorothy
Edmonds for secretarial help and to Professor A.W.A.
Brown for kindly supplying the Trinidad strain.

A Study of Possible Modifications of the WHO Method for Testing
DDT-Resistance in Mosquito Larvae with Special Reference
to Anopheles quadrimaculatus (Say) *

JACK COLVARD JONES,a Professor, Department ofEntomology, University of Maryland, College Park, Md., USA
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The size and nature of the test container, the
number and condition of the larvae and the experi-
mental conditions during the test were varied but
the rearing conditions were held approximately
constant.
Materials and methods

Rearing. Anopheles quadrimaculatus larvae were
reared in an insectary held between 80°F and 84°F
(26.7°C-28.9°C) and between 55% and 65 % relative
humidity. Larvae were maintained in 8 in x 16 in
(about 20 cm x 40 cm) enamel pans (100 newly-
hatched larvae in 500 ml of distilled water per pan)
and were fed once daily with a mixture of dog food
and yeast (1: 1).
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TABLE I
VARIATIONS IN LCso OF DDT FOR ANOPHELES QUADRIMACULATUS LARVAE DUE TO DIFFERENCES

IN THE SIZE OF THE TEST CONTAINER a

Approx. No o Size of test 24-48-hour LC50 (ppm)
Staae : stdialagh of replicates of larvae (ml) Range Mean |Standard e!rror

I ? | 2 10 | 50 - <0.004 |

? 10 10 50 <0.004-0.01 0.009 0.001

111 ~~~12-24 3 30 iooo b 0.016-0.025 0.021 0.003

6 10 100 0.01 1-0.032 0.020 0.004

2 10 50 0.013-0.025 0.019 0.006

IV 2-28 3 30 1003 b 0.020-0.632 0.025 0.004

1 30 500 0.014 0.014 _

2 20 1000 0.016 0.016 _

5 10 250 0.020-0.040 0.030 0.004

18 10 100 0.018-0.071 0.038 0.003

36-48 3 30 500 0.010-0.032 0.023 0.007

2 10 500 0.009-0.014 0.012 0.002

9 10 250 0.004-0.050 0.025 0.005

2 10 100 0.040-0.050 0.045 0.005

4 4 50 0.025-0.050 0.038 0.00ff

a Larvae (LTD strain) were well fed prior to testing, and were fasted throughout the whole test. Unless otherwise stated,
glass beakers were used as test container.

b Enamel pans.
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Collection of larvae for tests. All larvae were fed
between 08.30 and 09.30. They were collected from
culture pans generally after 09.30. Only healthy
larvae of uniform appearance were pooled in groups
of 20 to 120 in 250 ml of distilled water with a
medicine dropper and rapidly collected into testing
batches of 10, 20 or 30 larvae by dropping them on
7-cm Whatman No. I filter-paper folded into cones.
It was possible to process 100 larvae in this way in
less than 15 minutes. The larvae were then brought
into the testing insectary about 5 minutes before use.

Testing insectary. This insectary was held be-
tween 76°F and 80°F (24.4°C and 26.7°C) and at
50% to 56% relative humidity. The room was in
general lighted only from 08.30 or 09.30 to 16.45,
Monday to Friday.

Scheduling of tests. In most cases, it was found
essential to schedule a test-series a week in advance
and to run tests from Monday to Wednesday.
Almost all tests- were performed between 10.00
and 15.30.

Preparation of the test suspensions. With a I1-ml
pipette (with a minimum of 10 divisions), 0.5 ml
to I ml of the various DDT standard stock solutions
was pipetted rapidly midway under the surface of
distilled water or aged tap water, which was then
stirred vigorously with the same pipette, usually for
less than 10 seconds. The time of preparation of
the suspension was noted.

The test. At least three concentrations of toxicant
(DDT) were used for each combination of test
parameters. Tests were nearly always carried out
at least in duplicate, a'nd generally repeated more
often.
Wet filter-paper cones containing test larvae were

unfolded and stuck to the inner side of the empty
containers and the larvae washed into the container
by pouring the test suspension over them. The filter
papers were then removed.
The condition of the larvae was noted 18-24 hours

(" 24 hours ") after the beginning of initial exposure
to the toxicant. The larvae were considered dead
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TABLE 2
LC5o FOR THIRD-STAGE AND FOURTH-STAGE ANOPHELES QUADRIMACULATUS LARVAE (LTD STRAIN)

EXPOSED TO DDT UNDER VARIOUS EXPERIMENTAL CONDITIONS a

Approx. Size 24-48-hour LC50
Stage stadial age No. of oftestTetcniosStae|staialagereplicates |container Test conditions - _______Mean _erro

(h) (ml)aecnaie
Rne Mean StandardRang ~~~~~error

10 100 3-hour-old DDT 0.016-0.036 0.025 0.002

to It 6-hour-old DDT 0.018-0.028 0.025 0.002

it 50 Fasted 4 hours 0.009-0.032 0.015 0.002

it it Fasted 5 hours 0.009-0.032 0.016 0.002

III 2-28 to of Fasted 6 hours 0.009-0.020 0.014 0.001

Fasted 4.5 hours, then fed 1 hour
before test 0.010-0.045 0.020 0.008

2 140b Fresh DDT _ 0.032 -

2 80 c Fresh DDT _ 0.110 -

2-28 4 250 Fed during test 0.013-0.063 0.028 0.013

1-2 2 P, Male larvae d 0.014-0.020 0.017 0.003

.. ., .,it Female larvae d 0.020-0.022 0.021 0.001

2-28 . .. I % ethanol - 0.004 -

go of.. 0.1 % ethanol 0.006-0.020 0.014 -

to 4 100 12-day-old DDT e 0.022-0.050 0.035 0.007
IV ,, 2 50 Male larvaef _ 0.04 -

Female larvae - 0.04 -

36-48 3 250 Fed during test 0.028-0.032 0.031 0.001
4 pi Fasted 3 hours before test 0.010-0.028 0.017 0.004

Fed mixture with 2 % alcohol
3 hours before test 0.011-0.028 0.016 0.004

2 100 Fed during test 0.032-0.040 0.036 0.004

a Unless otherwise stated, glass beakers were used as test containers. Lots of 10 larvae were used In all tests.
b Waxed paper cup, American Sanitary cups, No. 5T treated, Patent No. 1 776 358, American Lace Paper Co., Milwaukee,Wis., USA.
c Plain paper cup, Sunshine cups No. 45, Herz Cup Co., New York, N.Y., USA.
d Sexed by examinat ion of imaginal antennal discs (Jones, J. C. (1957) Ann. ent. Soc. Amer., 50,104).
e Kept in glass cylinders with glass stoppers.
f Sexed by colour differences only: light = males, black = females (Jones, loc. cit.).

if they showed no movements during two observa-
tions at 5-minute intervals. They were considered
moribund if they showed convulsions and were
unable to come to the top of the test container, and
alive if moving normally at the surface. After these
readings, larvae were poured into a conical strainer
made of fine wire gauge and washed with a minimum
of 1000 ml of distilled water or aged tap water,
following which they were transferred by long-
stem, large-mouth pipettes into fresh clean con-
ainers without food. The condition of the larvae

was noted a last time 42-48 hours (" 48 hours")
after treatment; they were then discarded. Since
the " 24-hour " and " 48-hour "values of LC50
did not differ greatly, they were pooled in Tables
1 and 2.

Results
Effect of size and type of container. As shown in

Table 1, there appeared to be no difference in the
LCQ0 values for third-stage larvae with different
sizes of glass containers. However, the LC50 values
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of fourth-stage larvae tended to become lower as the
containers increased in size (Table 1). Although no
significant differences could be detected between the
results of DDT tests in enamel pans and those in
glass beakers (Table 1), there was a highly significant
difference between these results and those of tests
made in either waxed-paper or plain-paper cups
(Table 2), especially the latter.

Effect ofnumber and sex of larvae. As to the effect
of larval sample size, there was no marked difference
between data obtained with 30 larvae per 500-ml
to 1000-ml glass beaker and with 10 larvae per
250-ml glass beaker (Table 1); further, no significant
LC50 differences were found when batches of 10, 20,
or 30 fourth-stage larvae were tested in 250-ml glass
beakers (LC50 varied from 0.014 to 0.02 ppm) (these
data are not tabulated).
LC50 values for male and female larvae sexed by

antennal disc (0.017-0.022 for 10 larvae/250-ml
beaker) or by colour (0.04 for 10 larvae/50-ml beaker)
were essentially equal to those on unsexed material
tested under similar conditions (Tables 1 and 2).

Effect of stage and age of larvae. First-stage and
second-stage larvae wers significantly more suscep-
tible to DDT than third-stage and fourth-stage
(Table 1). There appeared to be no marked differ-
ence between LC50 values for third-stage and fourth-
stage larvae when 30 larvae were tested in 1-litre
containers. However, when tests were conducted
with 10 larvae per 50-ml or 100-ml beaker, there
seemed to be definite increases in LC50 values as
third instars developed into and grew as fourth-
stage larvae (Table 1).

Effect of nutritional status of larvae. Fasting for
4 to 6 hours (in distilled water without food) lowered
the LC50 of third instars from 0.020 to 0.015 (Table 2).
This slight effect can apparently be prevented by
feeding larvae 1 hour before testing (Table 2).
The variation among fasting third instars ap-

peared to be considerably less (standard error =

0.001-0.002) than among larvae that had been well
fed before testing (standard error = 0.006-0.008).

Larvae which had been fasted for 3 hours before
the test and larvae which had been exposed to 2%
ethanol for 3 hours before the test both had lower-
than-average LC50 values (Table 2).

Effect of test conditions. DDT suspensions which
had been allowed to stand for 3-6 hours in open
beakers gave results similar to those for freshly
prepared suspensions (Table 2). DDT suspensions
kept for 12 days in glass-stoppered graduated
vessels gave LC50 values strikingly similar to those
obtained with freshly prepared suspensions (2-hour-
to 28-hour-old fourth instars, Table 2). DDT sus-
pensions with an ethanol content of I % gave much
lower LC50 values (Table 2).

Conclusions

(1) DDT LC50 values for the first two larval
stages of Anopheles quadrimaculatus were 2 to 5
times lower than for the third and fourth stages.

(2) For the third and fourth stages, the DDT LC50
values varied between 0.02 and 0.05 ppm, regardless
of the size of the test sample (in the range 10-30
larvae) or the size of the test container (50-ml to
250-ml glass beakers).

(3) The LC50 values tended to vary significantly
though slightly with beaker size so that the larger
containers (250 ml or 500 ml) gave higher kills than
smaller ones (50 ml or 100 ml). The variations within
these two groups were not generally significant.

(4) LC50 values decreased slightly after both brief
fasting and exposure to alcohol. The variation in
LC50 was notably less for fasting than for well-fed
larvae.

(5) LC50 values were unaffected by (a) sex of
larvae; (b) method of preparing suspension; and
(c) nutritional status during exposure.
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