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tions on the subject. Gregson J noticed, in addition,
that it was possible to obtain a small volume of tick
saliva by pushing a thin glass capillary on the
hypostome and chelicerae of Dermacentor andersoni
ticks, shortly after removing them from the host.
We also used this method in our experiments, but
with little success.

It is possible to employ other methods for the
detection of infective agents in the saliva of vectors,
such as the titration of the agent in the blood of the
host animal, either at the site of the bite immediately
after biting, or in the salivary glands of the arthro-

I Gregson, J. D. (1960) Acta trop. (Basel), 17, 48.

pod: antibody production by the host, or the
morbidity or lethal effect of an arthropod bite, or
the subcutaneous injection of a known dose of the
agent, may also be measured. All these methods
have several disadvantages when compared with the
pilocarpine method and are variable because of
variations in the response of the host animal.
We conclude from our experiments that the use of

pilocarpine in obtaining arthropod saliva is a
suitable method not only for studying the relation-
ship between the pathogens in the saliva and the
vector, but also for obtaining good-quality samples
of different infective agents from arthropods in
sufficient quantity.
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Guppies (Lebistes reticulatus) are well known as
important predators of mosquito larvae in Thailand.
In urban districts of Bangkok there are many bodies
of water such as canals, ditches and ponds around
and under dwellings. The water contains various
kinds of organic matter, including domestic refuse,
and provides suitable conditions for the development
of Culex pipiens fatigans larvae. Large numbers of
guppies are often found in such bodies of water con-
taining high densities of mosquito larvae. However,
although these fish are important in reducing the
mosquito populations, applications of insecticides
are still needed to obtain complete control of the
larvae in these areas. Consequently, the use of
selective insecticides, toxic to mosquito larvae but
not to guppies, is desirable.

Several investigations on the susceptibility of
C. p. fatigans larvae and guppies to insecticides have
been undertaken in Thailand; Sasa et al.a concluded
that fenitrothion and fenthion were suitable larvicides
for controlling mosquito larvae without harmful
effects on guppies. Yasuno & Kerdpipule b reported
on the susceptibility to various insecticides of

a Sasa, M. et al. (1965) Jap. J. exp. Med., 35, 51-62.
Yasuno, M. & Kerdpipule, V., unpublished data.

C. p. fatigans collected in Thailand, and an evalua-
tion of insecticides against mosquitos was made by
Lofgren et al.c in Bangkok.
The investigations reported in this paper were

undertaken to study the effects of insecticides on the
feeding activity of the guppy exposed to sublethal
concentrations of toxicants. The selective toxicities
of insecticides to mosquito larvae and guppies were
also investigated.

Materials
Insecticides investigated included Abate, OMS-

1210, OMS-1211, fenthion, fenitrothion, Dursban,
ronnel, dichlorvos, diazinon, malathion, lindane,
allethrin, p,p'-DDT and dieldrin. The compounds
OMS-1210 and OMS-1211 are o-(2,5-dichloro-4.
iodophenyl) o,o-diethyl phosphorothioate and
o-(2,5-dichloro-4-iodophenyl) o,o-dimethyl phos-
phorothioate, respectively. Original stock insecticide
solutions were prepared by dissolving the chemicals
in ethanol at various concentrations and the stocks
were kept in a refrigerator until they were tested.
Quantities of each concentration of insecticide

c Lofgren, C. S., Scanlon, J. E. & Israngura, V. (1967)
Mosquito News, 27, 16-21.
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solution (from 0.25 ml to 1 ml) were added to
250 ml of de-ionized water containing the mosquito
larvae. In the tests with guppies, from 0.8 ml to
4.0 ml of insecticide solutions were added to 2 litres
of water since preliminary experiments had shown
that the activity of the fish was not noticeably
affected by ethanol at a concentration of 4 ml per
2 litres of water.

Insects tested were final-instar Culex pipiens
fatigans larvae collected from Klongtan, Bangkok,
from September 1967 to April 1968. The guppies,
measuring from 3.0 cm to 3.8 cm in body length,
were collected from a canal in Bangkok.

Methods
To determine lethal concentrations of the insecti-

cides, 20 mosquito larvae were placed in a jar, 9 cm
in diameter by 6 cm in height, containing 250 ml of
de-ionized water and the toxicant. A total of
50 guppies was introduced into a container, 18 cm
in diameter by 23 cm high, containing 2 litres of
de-ionized water plus the toxicant at concentrations
ranging from 200 ppm to 0.0008 ppm. Mortality
counts were made after 24 hours. Three or four
replicate tests were made for each concentration of
each insecticide on mosquito larvae and 2 replicate
tests on guppies.
Experiments were also conducted to determine

the reduction of feeding activity against mosquito
larvae in guppies exposed to sublethal concentrations
of toxicants for 24 hours. A total of 20 guppies, kept
for 2 days without food, was introduced into a jar
containing 2 litres of water and the toxicant. After
24 hours, known numbers of mosquito larvae were
consecutively released at intervals during a period of
2 hours into the jars.containing the guppies. Observa-
tions were made at the end of the 2-hour period to
determine the numbers of mosquito larvae eaten by
the guppies exposed to various concentrations of the
toxicant. All these tests were carried out at a room
temperature of 25°C to 280C. Values of LC50
for the mosquito and the guppy were calculated by
Finney's approximate graphic method. Percentage
reductions of the feeding activity of the guppy were
plotted on logarithmic paper and values of 50%
reductions were obtained from these regression lines
by eye (Fig. 1-3).

Results
The LC50 values of the mosquito larvae and the

guppies for the insecticides tested are given in the
accompanying table. Abate and Dursban were

LCs. VALUES
FOR THE LARVAE OF CULEX PIPIENS FATIGAVS

AND FOR THE GUPPIES

Insecticide
tested

Abate

OMS-1210

OMS-1211

Fenthion

Fenitrothion

Dursban

Dichlorvos

Ronnel

Diazinon

Lindane

Malathion

Dieldrin

LCso value (ppm)

Guppy | MosquitoGup larva

>200

110

4.0

3.32

2.24

0.22

5.81

1.82

1.10

0.22

0.05

0.03

0.0005

0.0044

0.0023

0.0060

0.0074

0.0008

0.0300

0.0100

0.0360

0.0850

0.0500

0.0400

Selectivity ratio
(guppy: larva)

377350

25 000

1 139

553

303

275

194

182

31

3

1

0.73

the most effective insecticides against the mosquito
larvae, followed by a second group of insecticides
including OMS-1210, OMS-1211, fenthion, feni-
trothion and ronnel. Dichlorvos and diazinon were
less effective than ronnel but more effective than
dieldrin, malathion and lindane at the LC50 level.
In the tests with guppies, Abate was the least toxic
compound, causing no mortality at a concentration
of 200 ppm for 24 hours and OMS-1210, with an LC5,
of 110 ppm, was also practically non-toxic. Di-
chlorvos, OMS-121 1, fenthion and fenitrothion, with
the LC50 values ranging from 5.81 ppm to 2.24 ppm,
were found to be less toxic to guppies than ronnel
and diazinon; ronnel was slightly less toxic than
diazinon and diazinon was less toxic than lindane
and malathion. Dieldrin was highly toxic to guppies.
The investigation on the feeding activity of

guppies exposed to sublethal concentrations of the
larvicides showed that a 50% reduction of the
feeding activity, based on the number of larvae
eaten by the guppies exposed to insecticide com-
pared with the number eaten by guppies in untreated
water, was induced by the following concentrations
of insecticides: Abate, 2.5 ppm (Fig. 1); OMS-1210,
0.8 ppm (Fig. 2); OMS-1211, 0.6 ppm; fenthion,
0.5 ppm; fenitrothion, 0.34 ppm (Fig. 3); ronnel,
0.45 ppm; dichlorvos, 0.40 ppm; allethrin, 0.38 ppm;
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EFFECTS OF INSECTICIDES ON FEEDING ACTIVITY OF THE GUPPY IN THAILAND

FIG. I

CONCENTRATION OF ABATE IN WATER CONTAINING
GUPPIES 6 AND REDUCTION IN FEEDING ACTIVITIES

OF THE GUPPIES b

Concentration of Abate (ppm) ( log scale)

Continuous line.
b Broken line.

diazinon, 0.072 ppm; lindane, 0.032 ppm; Dursban,
0.03 ppm; p,p'-DDT, 0.012 ppm; dieldrin,
0.0034 ppm.

Discussion

The purpose of the investigations described here
was to find insecticides that would kill all the
mosquito larvae in a body of water without adversely
affecting guppies, if any were present. To overcome

natural factors that reduce the insecticidal activity

FIG. 2
CONCENTRATION OF OMS-1210 IN WATER CONTAINING
GUPPIES a AND REDUCTION IN FEEDING ACTIVITIES

OF THE GUPPIES b

FIG. 3
CONCENTRATIONOF FENITROTHION IN WATER

CONTAINING GUPPIES a AND REDUCTION IN FEEDING
ACTIVITIES OF THE GUPPIES b

5 Continuous line.
b Broken line.

of various compounds, and to obtain long residual
effects, the amounts of toxicants applied to the
water under field conditions are usually greater than
those that produce 100% mortality of the larvae in
laboratory experiments. For this reason, larvicides
that are more effective against the mosquito but
which have little or no adverse effect on the fish
when applied at higher concentrations should be
used in mosquito-breeding sites, and especially in
running water.

Selectivity ratios based on LC50 values for
guppies and mosquito larvae (guppy/larva) were

more than 377 350 for Abate, 25 000 for OMS-1210
and 1739 for OMS-1211. The ratios for fenthion,
fenitrothion, Dursban, dichlorvos and ronnel were

553, 303, 275, 194 and 182, respectively. These
results indicate that applications of fenitrothion,
Dursban, dichlorvos and ronnel mnay be suitable
in areas where satisfactory control of the mosquito
larvae can be attained with these insecticides at low
concentrations but that they may not be desirable in
polluted water in which various factors may reduce
the effectiveness of the chemicals. The other
insecticides that were tested showed selectivity ratios
ranging from 31 to 0.73.

Other selectivity ratios were calculated from the
values at concentrations that showed a 50% reduc-
tion in the feeding activity of guppies and the LC50
values for the mosquito larvae. Abate showed the
greatest selectivity ratio, 4717, based on the 50%
feeding reduction of guppies at a concentration of

Concentration of fenitrothion (ppm) ( log scale )
0 8e13,i

a Continuous line.
b Broken line.
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2.5 ppm and an LCr0 value for larvae of 0.00053 ppm.
The ratios between the feeding activity of the guppies
and the LC50 for the larvae were: OMS-1211, 261;
OMS-1210, 182; fenthion, 83; fenitrothion, 46;
ronnel, 45; Dursban, 38; dichlorvos, 13; diazinon, 2;
lindane, 0.38; dieldrin, 0.085.
From these investigations it is concluded that

Abate is the most suitable larvicide for controlling
the larvae of C. p. fatigans in bodies of water that
also contain guppies. The insecticides OMS-1210
and OMS-1211, as well as fenthion and fenitrothion,
were also found to be very effective in controlling

mosquito larvae without adversely affecting the
guppies in most bodies of water.
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Observations on the Efficiency of the Japanese Weasel,
Mustela sibirica itatsi Temminck & Schlegel, as a Rat-Control Agent
in the Ryukyus *

by TERU AKI UCHIDA, Zoological Laboratory, Faculty of Agriculture, Kyushu University, Fukuoka, Japan

Laird a, b, c drew attention to the special public
health hazards caused by rats on certain Pacific
islands, where the gnawing of young growing coco-
nuts by rats leads, not just to serious economic loss,
but also to the consequent transformation of the
nuts into larval habitats for mosquitos, including
vectors of Bancroftian filariasis and dengue.

In a previous paper d it was shown that the
monitor lizard, Varanus indicus, which had been
introduced into some Micronesian islands, was not
an effective rat-control agent. At the same time it
was suggested that the Japanese weasel, Mustela
sibirica itatsi, might be better, as the usefulness of
weasels as predators on rats had been established
both experimentally and by practical trials on certain

* These studies were carried out with financial support
from the World Health Organization.

a Laird, M. (1963) Rats, coconuts, mosquitoes andfilariasis,
In: Gressitt, J. L., ed., Pacific basin biogeography, Honolulu,
Bishop Museum Press, pp. 535-542.

b Laird, M. (1966) Integrated control and Aedes polyne-
siensis: an outline of the Tokelau Islands Project, and its
results. (Unpublished documents WHO/EBL/66.69, WHO/
FIL/66.63, WHO/Vector Control/66.204).

C Laird, M. (1966) Biological control of rodents. In:
Seminar on rodents and rodent ectoparasites. (Unpublished
document WHO/Vector Control/66.217).

d1 Uchida, T. A. (1966) Bull. WId HIth Org., 35, 976-980.

islands off Hokkaido and Kyushu, Japan. e, f Al-
though weasels feed upon birds to some extent,
Inukai's data,9 which give a quantitative analysis
of weasels' stomach contents, clearly indicate that
murine animals form the bulk of their food under
winter conditions and that wild birds are much less
commonly eaten.
At the time of my earlier visit to the Ryukyus, in

December 1965, a rat population census was made
and soon after this large numbers of weasels were
introduced into several widely separated islands. I
visited these islands again from 1 February to
10 March 1967 and from 25 December 1967 to
9 January 1968 to assess the effects the weasels were
having on the rat population, and this paper presents
the results and conclusions of this study.
The first aim of using predators such as weasels is,

of course, to reduce quickly the extent of rat dam-
age. If the predators can be permanently estab-
lished, however, they may bring about a long-term
suppression of the rat population, a new ecological

e Inukai, T. (1949) Trans. Sapporo nat. Hist. Soc., 18,
56-59.

f Hiraiwa, Y. K., Uchida, T. A. & Hamajima, F. (1959)
Sci. Bull. Fac. Agric. Kyushu Univ., 17, 335-349.

a Inukai, T. (1935) Jap. J. appl. Zool., 7, 49-52.
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