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Basic requirements of the Rules
For reasons given above, the International Rules

are firmly founded on the concept of a species re-
presented by a morphological type to which reference
can be made in cases of dispute or difficulty. It is
therefore incumbent on everyone who describes a
new species to choose one specimen as holotype, to
mark it as such, to deposit it somewhere where it will
be properly looked after and where access to it will
be possible for other workers, and to include with
his description an account of how the type may be
recognized (sex, stage of life history, locality, date
of collection, etc.) and of where it is deposited.
A second fundamental principle is that a new

name can acquire official status only by publication.
It must be made available to everyone in the form
of a permanent record obtainable either by purchase
or on request. It must also be accompanied by at
least a minimal description with the aid of which the
organism or group to which it is attached can be
recognized from other similar organisms or groups.
The third basic requirement is that the name which

is chosen should not have been used already by
somebody else. Were this not so, confusion would
inevitably ensue. It is, however, possible, thanks to
the adoption of a binominal system of nomenclature,
to allow the same species name to be used as often
as desired for species included in different genera.
The " law of priority " insists, however, that, once
two species with the same name are brought together
in the same genus, a substitute name must be supplied
for whichever of them was named most recently.
Identical names given in this way to different species

are known as homonyms. Where, on the other hand,
different names are inadvertently given to the same
species they are known as synonyms. The " law
of priority " again asserts that preference must be
given in cases of synonymy to the name first applied
to the species in question.
The uniform application of these principles, even

as here crudely stated, will go a long way towards
ensuring stability and freedom from ambiguity. The
backlog of past error is, however, a massive one and
time is needed to eliminate it. As a simple example,
the synonymy of any well-studied species usually
contains the names of several forms, differing in
small particulars, which have themselves been named
as distinct species in the past. Until he has examined
the types or descriptions of each of these, no one
can be sure whether his own putative new species
really requires a new name or not. If he bestows a
new name without first ensuring that no existing
name is available he is liable to find his name sunk
by the next person who studies his species. No-
menclature involves many pitfalls for the unwary
and those describing new taxa would be well advised
to seek a close acquaintance with the Rules. To
aid them a somewhat fuller exposition has been
attempted elsewhere d but nothing can really take
the place of a copy of the Rules themselves. A good
textbook of taxonomy is also a desideratum and for
this purpose that of Mavr et all'. can be recom-
mended.

h Mayr, E., Linsley, E. G. & Usinger, R. L. (1953)
Methods and principles of systematic zoology, New York,
McGraw-Hill.

Malaria Vector Problems in South-East Asia
by R. H. WHARTON, M.Sc., Ph.D., Senior Entomologist, Institute for Medical Research, Kuala Lumpur,
Federation of Malaya

Exophily in Anopheles balabacensis and resistance
in A. sundaicus are the obvious vector problems
facing those concerned with malaria eradication
programmes in South-East Asia but, as suggested by
Reid a the malaria at low endemicity produced by

a Reid, J. A. (1960) Med. J. Malaya, 14, 228.

less efficient vectors sometimes proves the most
difficult to eliminate. Where the level of malaria
transmission is very low it is also extremely difficult
to obtain proof of the identity of the vector mosquito.
In most parts of South-East Asia the number of
Anopheles mosquitos that have been incriminated
as vectors of malaria is extremely limited. Thus
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A. minimus is the dominant vector throughout the
countries to the north of Malaya, and, apart from A.
sundaicus in certain coastal regions and A. balabac-
ensis in the mountains, it is regarded as the only
vector of significance. The situation is rather
different in Malaya, where no less than six species
have been identified as vectors, both on epidemiolo-
gical and on parasitological evidence, and several
other species have been found with sporozoites but
are not regarded as vectors of human malaria.b, c

Most of these anophelines occur also in neighbouring
countries and might therefore be of some import-
ance, particularly in areas where small foci of malaria
persist despite the apparent success of residual
insecticides against the major vector. For example,
it would be unwise to disregard A. maculatus, the
main Malayan vector, in such circumstances. Un-
fortunately many Malayan vectors belong to so-
called species groups and are difficult to identify
both as larvae and as adults, while in some instances
the taxonomic picture is still not clear and the true
identity of the vector is not yet known. It has
therefore been considered worth while to give a brief
summary of our knowledge of these species groups
and their relation to the transmission of malaria.
There is one other vector problem which requires

thorough investigation-that of the vectors of
monkey malaria. Recently a Malayan strain of
Plasmodium cynomolgi was transmitted experimen-
tally from monkey to man in the USA.4 Though
there is as yet no evidence of such transmission
occurring in nature, the experiment has drawn
attention to the possibility that malaria might, in
some areas, be a zoonosis. At the same time it has
drawn attention to our lack of information on the
vectors of monkey malaria. Several species of
Plasmodium are widespread among monkeys in
various parts of Asia but prior to the recent identifi-
cation of Anopheles hackeri as a vector of P. knowlesi
in Malaya nothing at all was known about trans-
mission in nature. Thus even if monkey malaria does
not prove to be of significance as a reservoir of
human malaria, it is important to know what
Anopheles species are responsible for its transmission
to avoid confusion in the interpretation of sporozoite
infections.

b Hodgkin, E. P. (1956) Stud. Inst. med. Res. Kuala
Lumpur, 27.

c Reid, J. A. & Weitz, B. (1961) Ann. trop. Med. Parasit.,
54, 78.

d Eyles, D., Coatney, G. R. & Getz, M.E. (1960) Science,
132, 1812.

Anopheles leucosphyrus group

The importance of the A. leucosphyrus group as
malaria vectors was clearly demonstrated for the
first time by Macarthur,e and a preliminary account
on the various forms included under the name A.
leucosphyrus was given by Reid,f followed later by
the authoritative accounts of Colless. g, h The group
is distributed over the tropical rain-forest and
monsoon-forest regions of the Orient, from India in
the west to the Celebes and Philippines in the east
and Taiwan and southern China in the north. At
present some thirteen forms are recognized, seven
being full species, three geographical subspecies and
the remainder forms of doubtful status. A. balabac-
ensis balabacensis, A. keucosphyrus and the Celebes
form are vectors of malaria, A. b. balabacensis being
active over a wide area in the monsoon-forests north
of Malaya and in northern Borneo, while A. leuco-
sphyrus has been identified as a vector only in
Sarawak and Sumatra. In Malaya the position is
rather complex. A. keucosphyrus and a subspecies of
A. balabacensis occur together in central Malaya but
there are no records of either species in the large
stretch of country to the Thai border, where the type
subspecies of A. balabacensis has been found. It is
not known whether either species transmits human
malaria in Malaya but there are indications that the
leucosphyrus group are important vectors of monkey
malaria.

A. keucosphyrus and A. balabacensis introlatus have
been caught biting man, but larger numbers were
taken in the canopy than at ground level.' More
recently these findings have been confirmed with the
additional evidence that these species are attracted
to monkeys.' Other members of the group A. hackeri
and A. pujutensis have been found with oocyst and
sporozoite infections,c but were not attracted to man
and were suspected to be vectors of monkey malaria.
A. hackeri has since been shown to transmit Plasmo-
dium knowlesi and other plasmodia of monkey
origin.k The A. leucosphyrus group thus poses many
problems both in the distribution and identity of the

e Macarthur, J. A. (1947) Trans. roy. Soc. trop. Med. Hyg.,
40, 537.

f Reid, J. A. (1949) Proc. roy. ent. Soc. Lond. (B), 18, 42.
g Colless, D. H. (1956) Trans. roy. ent. Soc. Lond., 108, 37.
h Colless, D. H. (1957) Proc. roy. ent. Soc. Lond. (B), 26,

131.
i Macdonald, W. W. & Traub, R. (1960) Stud. Inst. med.

Res. Kuala Lumpur, 29, 79.
J Unpublished data of R. H. Wharton and D. E. Eyles.
k Wharton, R. H. & Eyles, D. E. (1961) Science, 134, 279.
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various forms encountered, and in their relationship
to human and monkey malaria transmission.

Anopheles barbirostris group
It has been known for a considerable time that

mosquitos identified as A. barbirostris included more
than one species and Reid I showed that light- and
dark-winged forms occurred in Malaya and suggest-
ed that the dark-winged form was an important
vector of malaria. In a recent revision Reid m
includes six species in the group: A. barbirostris,
A. campestris, A. donaldi, A. hodgkini, A. pollicaris
and A. barbumbrosus. A. barbirostris is the common
species widely distributed throughout the Orient; it
is predominantly zoophilic and of no importance
as a malaria vector. The former dark-winged form
is now called A. campestris and is recognized as an
important vector of both malaria and filariasis in
coastal regions of Malaya. There is very little
information from other areas but Dr Reid has
examined specimens from Thailand which are
indistinguishable from-A. campestris. It is not known
whether malaria transmitted by A. campestris is
interrupted by residual spraying but observations in
window-trap huts indicate that it is moderately
susceptible to DDT and dieldrin,n and in the pilot
eradication trial on the coast of Selangor it has
disappeared from houses following spraying.o
The species of the A. barbirostris group recorded

as a malaria vector in inland Sarawak by de Zulueta P
is distinct from A. campestris and has been called
A. donaldi. This species is also found in Malaya,
where it seems to occur mainly at the forest fringe.
It is attracted to man and has recently been identified
as a minor vector of filariasis, q and may also prove
to be a vector of malaria.o The other species are all
rather uncommon forest mosquitos and virtually
nothing is known of their biology, though both
A. hodgkini and A. pollicaris have been caught
attacking man in hill forest.
The elucidation of the A. barbirostris complex

again illustrates how vital taxonomic studies are to
a malaria programme. Unfortunately, as with other
groups, identification of individual specimens is not
always easy, particularly if the specimen is damaged;

I Reid, J. A. (1947) Med. J. Malaya, 2, 125.
m Reid, J. A. (1962) Bull. ent. Res. (in press).
n Reid, J. A. & Wharton, R. H. (1956) Bull. ent. Res., 47,

433.
o Unpublished data of D. E. Moorhouse.
P Zulueta, J. de (1956) Bull. Wld Hlth Org., 15, 651.
2 Unpublished data of R. H. Wharton.

and should there be any doubt confirmation should
be sought from a competent authority.

Anopheles hyrcanus group
The complexities of the A. hyrcanus group in

South-East Asia were exposed by Reid.r Previously
only two subspecies were recognized-A. hyrcanus
sinensis and A. h. nigerrimus. The former has long
been regarded as the principal or only vector in some
parts of China but is not important elsewhere.
A. h. nigerrimus, on the other hand, was identified
as a malaria vector in Malaya by Hodgkin 8 and the
Celebes by Venhuis.t Reid's studies confirm the
identity of A. nigerrimus as a possible malaria vector
in South-East Asia but there are now seven, probably
eight, species in Malaya alone and only once has a
member of the group been incriminated. The A.
hyrcanus group thus seems unlikely to prove a
serious obstacle to malaria eradication in Malaya
but should not be overlooked elsewhere.

Anopheles umbrosus group
This group of Anopheles has also proved to be a

complex of some nine species, of which A. umbrosus
A. letifer and A. baezai have been found with
sporozoite gland infections and A. roperi with a
gut infection.u On epidemiological grounds only
A. ketifer appears to be unquestionably an important
vector of human malaria, though this species also
appears to contain more than one form v and de
Zulueta P considerd that A. letifer in Sarawak was
infected with sporozoites of animal origin. A.
umbrosus and A. baezai have quite high sporozoite
rates in nature and there is also some doubt as to
the origin of the sporozoites.c Thus A. baezai is
strictly a coastal mosquito not strongly attracted to
man, yet was found with a sporozoite rate of nearly
4 % by Hodkginb in an area where malarial
endemicity was only moderate. Similarly A. umbro-
sus has been found heavily infected in swamp
forest which was completely uninhabited by man.
Sporozoites from these A. umbrosus have been
inoculated into man, monkey, porcupine, chicken
and sparrow without success and their origin
remains unknown. Inoculation of sporozoites

r Reid, J. A. (1953) Bull. ent. Res., 44, 5.
8 Hodgkin, E. P. (1933) Bull. Inst. med. Res. FMS, No. 1

of 1932.
t Venhuis, W. G. (1939) Meded. Dienst Volksgezondh.

Ned.-Ind., 28, 376.
u Reid, J. A. & Hodgkin, E. P. (1950) Trans. roy. ent.

Soc. Lond., 101, 281.
v Wharton, R. H. (1960) Ann. trop. Med. Parasit., 54, 78.
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from A. baezai has not been possible but in both
mosquitos the oocysts (90-100 ,u) are considerably
larger than those of primate malaria while the
sporozoites (7-8 IL) are shorter an dfatter, a factno ted

originally by Barber w for some infections seen
in A. umbrosus.

w Barber, M. A. (1918) Philipp. J. Sci., 13, 3.

The Possibility of Active Long-distance Migrations by
Anopheles pharoensis Theobald

by C. GARRETT-JONES, Entomologist, Division of Malaria Eradication,
World Health Organization, Geneva, Switzerland

What amounts to a new theory of active migra-
tion as a developed biological character in certain
small insects has recently been formulated and
discussed in the literature.a, b The group in which
the character has been most studied is the Aphidae-
weak-flying insects in which the great distances
covered could not be covered without the aid of
wind. But this phenomenon of wind-aided disper-
sion is no longer regarded as a process of mere
passive or mechanical transportation, but as one
which is started and terminated by definite changes
in the insect's pattern of activity. These changes
are held to be due to some physiological mechanism,
which itself may be set in motion by particular con-
ditions in the environment.

There is no reason for thinking that the pheno-
menon occurring in aphids may not occur also in
mosquitos. In the latter group, the biological value
of a migratory habit might be doubtful in any well-
watered region, but a priori it would seem to be
considerable in an arid zone. It is inherently very
difficult indeed to prove such an occurrence, but
that is not a reason for doubting its possibility if
there is circumstantial evidence in its favour. There
is at present a fair amount of such evidence, and
this has increased since it was reviewed and discussed
by the present author c with regard to the anopheline
mosquitos of the Middle East. Where the possible
breeding-grounds for mosquitos are more or less
widely separated, and where some of them are liable
to periodic desiccation, the sudden appearance of
mosquitos in numbers, in unlikely places, is more
likely to be noticed.

a Johnson, C. G. (1960) Nature (Lond.), 186, 348.
b Kennedy, J. S. (1961) Nature (Lond.), 189, 785.
c Garrett-Jones, C. (1957) Bull. endem. Dis., 2, 79.

Recently there came to light some striking fresh
evidence tending to support the view that migrations
over very long distances may sometimes be under-
taken with the aid of wind by Anopheles pharoensis
Theobald. Among the Middle East&n anophelines
of the desert/oasis climatic zone A. pharoensis,
which is the principal malaria vector of the lower
Nile Valley, is also the species for which there is
most earlier evidence of migratory flights.d, e The
relevant new data to be discussed here are reported
by Saliternik f and McKenzie Pollock.9

The outbreak ofmalaria in Israel and at Gaza in 1959
In 1959 fresh cases of malaria occurred at a

number of points along the Israeli coast and at
Gaza, areas from which this disease had been con-
sidered as eradicated. The cases were scattered over
a strip of territory about 130 km long, from Gaza in
the south to Tantura (a settlement some 35 km.,
south of Haifa) in the north. The discovery of the
cases and the subsequent findings present features
of unusual epidemiological interest.
The data from Gaza, where the outbreak was

heaviest, are of only minor interest to this discussion
because there is some room for doubt about the
identity and origin of the mosquitos that caused the
transmission. Routine larvicidal measures were in
operation at the relevant time, but the supervision
of these was not such as to ensure that no anopheline
breeding could occur. It can safely be said, however,

d Kirkpatrick, T. W. (1925) The mosquitos of Egypt,
Cairo.

e Garrett-Jones, C. (1950) Nature (Lond.), 165, 285.
f Saliternik, Z. (1960) Briuth Hazbur [Publ. Hlth (Jeru-

salem)], 3, 217.
g McKenzie .Pollock, J. S. (1960) Reports of the Health

Division, UNR WA, for 1959 (unpublished).
1169F


