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colonies from different geographical areas therefore
becomes an essential ancillary to toxicological work.

It is well known that Triatoma bugs have a high
natural tolerance to DDT. Triatomna nymphs are
more tolerant than adults and it is believed that this
is due to differences in DDT penetration, excretion,
and metabolism.m These factors may also account
for the greater tolerance of Rhodnius nymphs to
DDT. Fifth-stage Rhodnius nymphs apparently have
a similar tolerance to DDT, dieldrin and malathion,
no deaths occurring at the highest concentration of
insecticide on the WHO impregnated test papers.
The tolerance therefore seems to be due to physio-
logical or anatomical factors responding similarly to
each insecticide. Apparently, the genetic phenomena
characteristic of some insects that bring about the
development of either DDT-resistant or dieldrin-

m Dinamarca, M. L., Agosin, M. & Neghme, A. (1962)
Exp. Parasit., 12, 61.

resistant populations but not a strain resistant to
both insecticides do not occur in Rhodnius prolixus;
moreover, resistance to chlorinated hydrocarbons
and resistance to organophosphorus compounds
may both be found in the same population. Fenthion
was the most effective of the insecticides tried, but
100% mortality of fifth-stage nymphs was not
reached until the next to the highest concentration-
namely, 1.6 °-was used. Evidently, there is need
for further research to find insecticides that are more
effective against this insect.

* *
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acknowledged. Thanks are also due to Dr Marcos
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Observations on the Monitor Lizard, Varanus indicus (Daudin), as a
Rat-Control Agent on Ifaluk, Western Caroline Islands*

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

By gnawing holes in growing coconuts on Pacific
islands, two kinds of rats-roof rats, Rattus rattus
(L.) and Polynesian rats, Rattus exulans (Peale)
not only cause serious economic loss but also create
huge numbers of larval habitats for container-utiliz-
ing mosquitos. Effective, integrated rat-control pro-
cedures are therefore of pressing importance in this
area. Such procedures call for the joint use, against
an adequate background of ecological knowledge, of
chemical and biological control measures. The lat-
ter might well involve the use of predators, and in
this connexion it has been reported that Varanus
indicus (Daudin), a large grey-green monitor lizard
which has been introduced into certain Micronesian
islands, is of local importance as a rat-control agent.

In this context, Laird a drew attention to the rela-
tionship between monitors and rats; the purpose of

* Full text to appear in the J. Fac. Agric., Kyushu Univ.
a Laird, M. (1963) Rats, coconuts, mosquitoes and fila-

riasis. In: Gressitt, J. L., ed., Pacific basin biogeography,
Honolulu, Bishop Museum Press, pp. 535-542.

my visit to Ifaluk was to report on whether V.
indicus in fact merits serious consideration for intro-
duction elsewhere in the tropical Pacific both to con-
trol rats and to reduce the amount of damage caused
by rats to coconuts, particularly in view of the fact
that they thus transform the latter into habitats for
mosquito larvae.
The present study was thus undertaken on the atoll

of Ifaluk (latitude 070 15' N, longitude 144° 27' E),
Western Caroline Islands, from 1 to 30 November
1965. Ifaluk atoll consists of four islets (Falarik,
Falalap, Ella and Elangalap, the last two of which are
uninhabited) surrounding a central lagoon with a
diameter of only 1.6 km. The total area of the atoll
is only 1.3 kM2, the highest point being a mere 4.5 m
above sea level (see the accompanying figure).
According to the Ifalukians, two monitors were

initially introduced into Falalap Islet, Ifaluk Atoll,
from Woleai Atoll in about 1939 by the Japanese.
Although they soon bred and spread into Falarik
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MAP OF IFALUK ATOLL, SHOWING LOCATIONS
OF VILLAGES (HATCHED) AND TRAPPING AREAS

(BLACK SQUARES) a
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a Modified, by permission, from the map by Arnow, T. (1955)
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Islet, they were still rare and were not firmly estab-
lished on Ella Islet in 1953.b.c Since about 1955, how-
ever, they have become established on Ella, having
spread from Falalap by swimming, and they have
bred there subsequently.

Relationship between V. indicus and rat population
density
Method. Both killing by snap traps and the method

of mark-and-release followed by poisoning were
used for estimating the rat population. However, the
former method proved unsuitable, because before the
rats became active at night there was an excessive
amount of trap disturbance by other animals such as
small lizards, hermit crabs, land crabs and giant coco-
nut crabs. The population data given below were
therefore calculated by Bailey's formula d from mark-
and-release data. The cage traps used were arranged
in a S x S grid at 10-metre intervals; the experimental
site thus covered an area of 0.16 hectare (40 m x
40 m). Norbormide was used as a rodenticide.

Rat population density on Falarik Islet. Mark-and-
release operations were carried out in the bush near
Falarik Village in the northern part of Falarik Islet.
T'he total set of 125 trap-nights took 46 rats, includ-
ing 17 recaptures (3 among roof rats, 14 among Poly-

b Bates, M. & Abbott, D. P. (1958) Coral island: portrait
ofan atoll, New York, Scribners.

c Bates, M. & Abbott, D. P. (1959) Ifaluk: portrait of
a coral island, Gateshead, Northumberland Press Ltd.

d Bailey, N. T. J. (1952) J. Anim. Ecol., 21, 120-127.

nesian rats), with a corrected trapping success of
47.7% (a raw trapping success of 36.8 Y.) in spite of
some trap disturbance. Of these, 13 roof rats and 12
Polynesian rats were marked and released. After the
poisoning two previously marked individuals were
found out of six dead roof rats recovered, while of
two Polynesian rats recovered one had been marked.
The raw population density was therefore estimated
at 30±11 for roof rats and 18±6 for Polynesian rats
per 0.16 hectare (Table 1).

TABLE I
RAT POPULATION DATA OBTAINED BY THE METHOD
OF MARK-AND-RELEASE FOLLOWED BY POISONING IN

AN AREA OF 0.16 HECTARE ON IFALUK

Population Falarik Plot A, Ella
data a HRoof rat Polynesian rat Roof rat

R 13 12 25

c 6 2 18

r 2 1 6

1±stddev. 30 11 18 6 68±19

D±stddev. 8±3 9±3 19±5

a R: Number of rats marked and released. C: Number of dead
rats picked up. r: Number of marked rats in C. N: Raw popula-
tion size. Bailey's formula: =(C + 1) R_, with a standard

r+ I
deviation of (r(+)2 )r(+ 2) ) D: Corrected population size,
D = RA/A', where A is the census area, surrounded by the
outermost trap-lines, and A' is the corrected area according to
Dice's formula, A' %!? A + YX LV S; L = total perimeter of census
area and S = area of rat home range, assumed to be a circle of
diameter 60 m for roof rats and 24 m for Polynesian rats.

Rat population density on Ella Islet. As stated
earlier, monitors became established on Ella about 10
years ago, and are now at least as abundant as on
Falarik. The total set of 125 trap-nights took 31 roof
rats, including two recaptures, with a corrected trap-
ping success of 33.7% (a raw trapping success of
24.8 %). Of these, 25 roof rats were marked and re-
leased. Six previously marked rats were found out of
18 dead examples picked up after poisoning. The raw
population density was therefore estimated as 68± 19
(Table 1).

Correction to values of rat population density. The
raw population densities given above will be too high
because of the small size of the trapping area com-
pared to the home range of the rats (60-75 m for roof
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TABLE 2
STOMACH CONTENTS OF MONITORS FROM IFALUK

Monitors Stomach contents

Total Body- Date Weight
No. Sex length weight Locality collected Species (and number) of animal remains (g)

(cm (g)

1 F 83 280 Falarik 7 Nov. 1965 Rattus exulans (1 M) ca 40

2 M 130 1130 Ella 8 Nov. 1965 Cardisoma hirtipes (1; carapace width 23 mm), Dasia 5.3
smaragdinum (feet only), Coenobita sp. (one shell and
fragments)

3 M 106 670 Ella 8 Nov. 1965 Cardisoma hirtipes (fragments only) 2.4

4 M 83 280 Ella 8 Nov. 1965 Emoia cyanurum (1) and fragments 6.2

5 F 90 400 Falarik 12 Nov. 1965 Egg of Varanus indicus 15.2

6 M 87 350 Falarik 14 Nov. 1965 Empty 0

7 a M 134 1 700 Falarik 3 Nov. 1965 Cardisoma hirtipes (1; carapace width 46 mm) and frag- 47.8
_____ - ____ - ments, Gehyra oceanica (1)

a This monitor was kept in captivity. In the case of this animal, ingested material was not derived from its stomach, but from
material vomited up when it was collected.

rats and 24-40 m for Polynesian rats).e The popu-
lation densities corrected by Dice's formulaf are
also given in Table 1. On Falarik the corrected value
was estimated at 8±3 for roof rats and 9±3 for Poly-
nesian rats, and on Ella at 19 ±5 for roof rats, per
0.16 hectare in each case. This corresponds to about
100 per hectare on each islet. This is very high, in
view of the abundance of monitors at the time and
their gradual increase during the past 26 years on
Falarik and 10 years on Ella.

Monitor's behaviour against rats in captivity
One adult male monitor was kept in captivity in a

cage and its behaviour against live rats thrown into
the cage observed. Its feeding behaviour was found
to be strikingly snake-like: themonitorwould swallow
the rat head first, turning its head from side to side
without chewing, the act of swallowing taking about
five to seven minutes to complete. Having eaten
a rat, the monitor rarely made a determined
attack on the other available rats for from three
to five days.

e Jackson, W. B. & Strecker, R. L. (1962) In: Storer,
T. I., ed., Pacific island rat ecology, Honolulu, Bishop Museum
Press, pp. 113-123.

f Dice, L. R. (1938) J. Wildl. Mgmt, 2, 119-130.

Analysis of monitors' stomach contents
The stomach contents of seven monitors were ana-

lysed to determine to what extent these lizards eat
rats and other food. The data are shown in Table 2.
In only one of these examples was the body of a Poly-
nesian rat found. The bulk of the contents consisted
of small lizards of other species, land crabs and her-
mit crabs; even one monitor egg was found. Although
the number examined was insufficient for a really
detailed stomach analysis, the data certainly suggest
that, although the monitors undoubtedly prey on rats
under natural conditions, the rate of such predation
is relatively low.

Other observations
Relationship between monitor and other animal

populations. As shown by the stomach analysis, V.
indicus preys upon other lizards, land crabs, and rats.
According to the islanders, monitors also eat partly
grown coconut crabs, wild birds, chickens and their
eggs. The islanders claim that land crabs and coconut
crabs were more abundant on Ella Islet than else-
where on Ifaluk atoll until 1955, when the estab-
lishment of monitors on Ella caused the numbers of
crabs there to decrease considerably. At present, in
fact, the crab density on Ella is appreciably lower
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han on Falarik and F alalap, judging from the com-
parison of trapping records for these islets. It was
definitely stated by Bates & Abbott b, c that the re-
verse was the case in 1953, and it seems likely that
the decrease in numbers of crabs is due to preda-
tion by the monitors. The monitor seems to prefer
small lizards and crabs to rats, finding it easier
to catch them.

Attitude of the Ifalukians towards monitors. While
acknowledging the contribution made by monitors to
rat control, the Ifalukians gave more weight to moni-
tor damage to other useful animals than to benefit
from them. The islanders have in fact deliberately
built up their dog population to help to reduce the
number of monitors. At the present there are more
than 30 dogs on Falarik and more than 20 on Fala-
lap, although Bates & Abbott stated that in 1953 only
five existed there. The islanders are rather pleased
with this lowering of the monitor population by the
dogs; it should be noted in this connexion that there
are some records of Micronesians wishing to exter-
minate monitors by introducing poisonous toads
from the Palaus.g, h

Other candidates for the biological control of rats

As mentioned above, monitors do not come up to
expectations as rat control agents. Another possibi-
lity is aweasel, Mustela sibirica Pallas,whose usefulness
as a predator upon rats has been proved both experi-
mentally and in practical application in Japan.' i
It seems quite certain that the weasel is far more
effective against rats than are monitors, and it may
well prove capable ofcontrolling rats to the extent that
scarcely any harm will be done to coconuts. Before
introducing weasels into the tropics, however, one
should carefully consider the two following points.
The first question is whether the Japanese weasel, M.
sibirica itatsi Temminck & Schlegel, is able to adapt
itself to the natural features of the tropics. Informa-
tion on this point might be provided by a study of
the fate of the weasels introduced into two islands of
the southern Ryukyus in 1966 for rat control. Even
if the Japanese weasels prove capable of adapting
themselves to tropical areas, a second question re-

g Gressitt, J. L. (1954) Insects Micronesia, 1, 140-143.
h Wiens, H. J. (1962) Atoll environment and ecology,

New Haven & London, Yale University Press.
i Inukai, T. (1949) Trans. Sapporo nat. Hist. Soc., 18,

56-59.
i Hiraiwa, Y. K., Uchida, T. A. & Hamajima, F. (1959)

Sci. Bull. Fac. Agric. Kyushu Univ., 17, 335-349.

mains; this relates to the possible harm that weasels
might do to populations of animals other than rats.
The weighing up of the public health and economic

advantages to be gained against possible adverse ef-
fects of predator introductions is, of course, a matter
that would require the most careful prior consider-
ation by the authorities concerned and the islanders
themselves. The decision would probably be influ-
enced by the degree of development of the islands in
question, in particular by the local importance of the
copra industry, and the filariasis incidence. The in-
troduction of any biological control agent must be
carefully considered in all its aspects. In a personal
communication (1966) Dr M. Laird pointed out the
possibility that weasels might wreak havoc among the
birds of the islands, which would certainly lead to
vigorous complaints by bird-lovers and conserva-
tionists.
The question whether the Japanese weasel climbs

trees readily is thus very relevant in evaluating the
merits and demerits of its possible introduction.
Weasels spend much time on the ground, but swim
readily and well. They climb trees too, if necessary,
but rarely do so in natural conditions. Quantitative
analyses of weasels' stomach contents clearly indicate
that under winter conditions murine mammals form
the bulk of the food of the Japanese weasel, wild
birds being much less commonly eaten.k,i To the au-
thor's knowledge there is no information available on
the stomach contents of weasels during the summer
months. Subject to further information to the con-
trary, the possibility of these weasels adversely influ-
encing certain indigenous bird populations must
therefore be admitted.

Conclusions

It is concluded that further experimental introduc-
tions of monitor lizards, Varanus indicus (Daudin),
into the South Pacific is unwarranted. It is submitted
that a better biological control agent for use against
rats may be the Japanese weasel, Mustela sibirica
itatsi Temminck & Schlegel, but that its introduc-
tion into other tropical islands or atolls should not be
initiated until clear evidence of the successful out-
come of the South Ryukyus trial is forthcoming.

* *
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k Kishida, K. (1927) Jap. Wildl. Bull., 4, 79-120.
1 Inukai, T. (1935) Jap. J. appl. Zool., 7, 49-52.
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Transliteration
from Cyrillic characters

The "International System for the Trans-
literation of Cyrillic Characters", set out in
Recommendation ISO/R9-1954 (E) of the Inter-
national Organization for Standardization, is
normally used in the Bulletin of the World Health
Organization for personal names, titles of publi-
cations, etc. However, papers accepted for
publication may contain names transliterated
differently, and if the original Cyrillic spelling is
not recognizable inconsistencies may occur.

For convenience the transliteration from
Russian according to ISO/R9 is given below:

Translitteration
des Caracteres cyrilliques

Le <Systeme international pour la translitte-
ration des caracteres cyrilliques > presente dans
la Recommandation ISO/R9-1954 (F) de l'Orga-
nisation internationale de Normalisation est
generalement utilise dans le Bulletin de l'Organi-
sation mondiale de la Sante' pour les noms de
personnes, les titres de publications, etc. Cepen-
dant des articles acceptes pour publication
peuvent contenir des noms translitteres diff&-
remment et si l'orthographe cyrillique originale
n'est pas reconnaissable un manque d'unifor-
mite peut s'ensuivre.
A toutes fins utiles, la translitteration du russe

selon la recommandation ISO/R9 est indiquee
ci-apres:

Trans- Trans-
Cyrillic fitratom Cyrillic fitratom
character ruitaon Examples and remarks character fromui Examples and remarks
Caractere tratian Exemples et observations Caractire Trans- Exemples et observations
cyrillique Titratisn cyrillique iTtration

du russe du russe

A, a a Axtpec = Adres Y, y u YTPO = Utro
B, 6 b Bia6a = Baba (1, 4) f (PH3HKa = Fizika

BP B v Bbi = Vy X, x h XMmHqecKH4 = Himiceskij
r, r .g rTiaBa = Glava LA, u c LleHTpaJIbHbl-H Central'nyj

ronoBa = Golova L,t
q ill = aiasy

a, j d Lla = Da LII, § WKoria = Skola
E, e(e) e (e) Eiue = Ece LU, t sc LlUeKa = Skeka
)K, m z ypHan = Zurnal (medial, nor" In modern Russian, where
3, 3 z 3Be3aa = Zvezda medial) "ou" sometimes replaces medial 'b,

transliteration is still ".H, H i l{lnu = Ili 'b, b En russe moderne, oii le ' rem-

i,U -bIl, -H, -o = -yj, -ij, -oj place quelquefois le b medial, laK, K k KaK.Kak translitt6ration reste ".
K, K k l-(aK = Kak (final) (Not

R J1io6HTb Liubit' ~~~~~~~~~trans-[n, n
I I |JIo6HTb = Ljubit' 1 literated.

M, M m My>K = Muz Non trans-
H, H n HH>KHHA = Ni2nij littEr6.)

0, 0 0 6OuecTRo = Obscestvo bl, bl y BbIJ = Byl
n, n p [lepBblu = Pervyj b, b 'or 'oul ManeHbKHii = Malen'kij
P, P r Pbl6a =Ryba 3, 3 e 3To -Eto
C, c s CecTpa = Sestra 10, 10 ju lO>RHbIi = Juznyj
T[ T t TOBapHti = Tovarik | 1, s | ja | flhUo = Jajco

Cyrillic e to be transliterated by e only when the diacritical appears in the original. Le e cyrillique ne doit etre translitt6rd
par e que lorsque la diacritique apparait dans l'original.


