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Nomenclature and the Malaria Entomologist
by P. F. MATTINGLY, Principal Scientific Officer, British Museum (Natural History), London, England

The International Rules of Zoological Nomenclature

The International Commission on Zoological
Nomenclature is a panel of Commissioners working
in different parts of the world. It has a secretariat
and an office in London, and derives its authority
from successive International Congresses of Zoology,
remaining in being in the interim. One of its
functions is to interpret the International Rules of
Zoological Nomenclature in difficult cases arising
from the lack of an adequate system for stabilizing
nomenclature in the past. Another is to use its
plenary powers where strict adherence to the Rules
would cause more confusion than it would prevent.
A third is to submit for approval by the International
Congresses proposals for alterations and additions
to the Rules designed to secure greater stability and
freedom from ambiguity in the future. It has re-
cently issued a new set of Rules a embodying the
considerable amount of " case law " which has
accumulated, in the form of Opinions and Declara-
tions published by the Commission, since the
publication of the first set of Rules by the Inter-
national Congress of Zoology at Berlin in 1901.

This publication will probably be welcomed by
the majority of non-taxonomic biologists, aware, as
they will be, of the virtues of stability and freedom
from ambiguity in their own fields of study. There
may, however, be a nonconformist minority to whom
it is not immediately apparent that what is suited to
museum systematics is necessarily applicable to the
living systems encountered in nature. If so, the
systematist should welcome their challenge. Taxo-
nomy should seek to justify itself not only by the
establishment of order but by the more dynamic

a International Commission on Zoological Nomenclature
(1961) International code of zoological nomenclature, London,
International Trust for Zoological Nomenclature.

qualities appropriate to a branch of the science of
life. Nomenclature may be a burial ground but it
can be a fertile burial ground and a breeding ground
for new ideas. While trying to elucidate the past by
displaying phylogeny and to demonstrate the
structure of natural populations by delineating
species and infraspecific taxa, it must, however,
always keep in sight its primary object, the provision
of an unequivocal name for each taxonomic unit. It
may well be that the present system can be modified
in future to bring it into closer accord with the facts
of life. If so, it will be through the endeavours of
those who are prepared to submit their ideas to the
International Commission and the International
Congresses and not through the action of personal
prejudice, which can only delay the attainment of a
stable and meaningful nomenclature by ignoring the
means already available to that end.

The type system
An example of the sort of shallow thinking which

may bring nomenclature into undeserved disrepute
is afforded by the case of Anopheles maculatus in
Borneo.b This species was long held to be the prin-
cipal Bornean vector of malaria, solely, it would
seem, on the grounds of its previous incrimination
in Malaya. A proper investigation showed, however,
that it is of little or no importance in Borneo, where
the principal vectors are Anopheles balabacensis and
leucosphyrus. It could be argued from this that if no
names had been available for the Borneo Anopheles
the true identity of the principal malaria vectors
would have been ascertained much sooner and a
great deal of waste would have been avoided. This
is probably true, but it is an argument against the
abuse, and not against the use, of nomenclature.

b McArthur, J. (1950) Indian J. Malar., 4, 391.
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What was done in Borneo was, in effect, to attach
the name maculatus to a hypothetical malaria vector
whose true identity had not at that time been
established, a practice categorically denounced by
the Rules. To name a particular Bornean species
maculatus by reason of its morphological resem-
blance to the type of that species was legitimate. To
infer that it was a malaria vector on the same grounds
would be legitimate, if misguided, but no sensible
person would consciously assess its vector status
purely on the grounds of its name. Nevertheless it
is difficult to avoid the impression that up to a point
this is what was done.
The pre-eminence accorded by the Rules to the

morphological aspect of the species is implicit in the
provision that each specific name must be attached
to a type specimen. Identification thus comes to
consist in comparison of specimens of the species
under consideration with the type specimens of one
or more previously described species. This may be
done directly or, indirectly, by comparison with
keys or published descriptions based ultimately on
comparison with types or with other specimens so
compared.

Thus, in the last analysis, all that a formal specific
name implies is identity with a type specimen. Nor
would the systematist, in general, claim more. The
most that he would claim is that morphological
identity (or, more strictly, close resemblance) creates
an a priori probability of close genetical affinity,
which in turn implies reproductive compatibility or
the ability to exchange hereditary material. This
implication is an important one because on it
depends the maintenance of the individuality of
species in nature. The extent of the probability can,
however, be fully assessed only in the laboratory, by
the use of genetical methods, and in the field, by
seeing whether specific individuality is in fact
maintained in circumstances in which it is reasonable
to expect interbreeding to be possible.

Nomenclature and behaviour
The geographical isolation of the Bornean from

the Malayan form of Anopheles maculatus, coupled
with their difference in vector status (which may,
from a purely phenomenological standpoint, be
treated as a behaviour difference) might suggest that
they are distinct species or subspecies. If constant
morphological differences could be found it would
be highly desirable to draw attention to this fact by
giving a new name to whichever form differed
morphologically from the type form (which is, in

this case, a form occurring in Hong Kong). If a
subspecific name were given, this would indicate
that the subspecies would be unlikely to occur
within the area of distribution of the type form or
that if a small overlap did occur this would be
accompanied by morphological intergradation. A
specific name, on the other hand, would imply that
if the two forms overlapped they would remain
distinct even in the area in which they occurred
together. In either event the crucial test, in assessing
taxonomic status, would be a morphological one.
In the absence of reliable morphological distinctions
there would, of course, be no objection to bestowing
colloquial names such as " the Bornean form " or
" the Malayan form ", but such names are clearly of
limited usefulness since, if they are based purely on
distributional data without reference to morphology,
they can have no relevance outside the areas in-
dicated. Some applied entomologists might wish to
give the Bornean form a new specific name purely by
reason of its non-vector status. This would, how-
ever, involve attaching the new name to all non-
vector populations of " maculatus " irrespective of
distribution or of the nature of the underlying causes
by which vector status was determined. It would
also render impossible the identification of speci-
mens of " maculatus " whose vector status was
unknown.

Available evidence gives little support for the
belief that either morphological similarity or re-
productive compatibility necessarily affords an
absolute guarantee of predictable behaviour. On
the one hand, species populations have a natural
genetical plasticity enabling them to adapt their
behaviour, within limits, to the environment in which
they find themselves; and, on the other, behaviour
is in itself complex and may assume different aspects
under different conditions. Species populations are
also subject both to genotypic and to phenotypic
variation with respect to morphology but the correla-
tion between morphological and behavioural varia-
tion, though usually present in some degree, is often
too imprecise or too little understood to be of
practical value.
The existence of infraspecific morphological

variation is one of the more compelling reasons for
the adoption of the type system. It is difficult to see
how any comparable system of reference could be
devised in the case of purely behavioural species.
Once his local fauna is sufficiently known to him a
competent field naturalist can, and frequently does,
recognize individual species by their behaviour, but
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difficulties of communication are such that it is
unlikely that many taxonomists would be prepared
to accept behaviour characters as other than secon-
dary adjuncts to morphological ones. The situation
might be otherwise were it more often possible to
expose the simple, and perhaps relatively invariable,
basic elements in the complex behaviour patterns
which we customarily observe. As it is, our human,
subjective interpretation of behaviour is seldom
reliable enough to ensure that what one man sees
another will or that either will discern the true basis
of behaviour which requires to be isolated from its
local accretions and modifications before a meaning-
ful comparison can be made.
Some classical instances of the difficulty of cor-

rectly interpreting behaviour are discussed in
relation to anopheline mosquitos by Muirhead-
Thomson.C Among them is the well-known case of
the supposedly shade-loving larvae of Anopheles
minimus. With this larva the basic requirement is
not for shade as such, but for marginal vegetation
affording an anchorage against the current. Control
can actually be achieved by intensifying shade to a
point at which such vegetation is destroyed. An
unsuspected mechanical factor was also shown to
operate in the case of Anopheles gambiae, long
characterized as a species favouring exposed,
unshaded breeding places. This species has, in fact,
no preference for unshaded breeding places as such.
Exposure to sunlight is of importance only in so far
as it results from, or contributes to, the absence of
marginal vegetation tending to obstruct the ovi-
positing female. The true nature of such " pre-
ferences " is often difficult to elucidate. Thus the
much more frequent occurrence of Anopheles
gambiae var. melas in brackish, as opposed to fresh,
water is not associated with any detectable preference
on the part of ovipositing females for breeding
waters of this kind. In this case the true nature of
the " preference " remains unknown. Muirhead-
Thomson gives further examples and others could
easily be adduced to illustrate the unreliability of
subjective interpretations of behaviour in the field.
Possible sources of error in interpreting laboratory
behaviour have been discussed elsewhere.d It is, of
course, quite impossible to subject behaviour cha-

c Muirhead-Thomson, R. C. (1951) Mosquito behaviour
in relation to malaria transmission and control in the tropics,
London, Arnold.

d' Mattingly, P. F. (1961) Practical systematics for malaria
entomologists. In: Meillon, B. de, ed., A practical guide for
malaria entomologists in the African Region of WHO (un-
published WHO manual).

racters to a meaningful genetical analysis unless the
true nature of the fundamental behaviour patterns
can be elucidated.
Over and above the difficulties of interpretation,

behaviour itself may exhibit intrinsic variability in
different environments or at different seasons or in
different physiological states-as when Anopheles
gambiae breeds, faute de mieux, in artificial con-
tainers,e or Culex pipiens fatigans refuses to bite man
in a small cage but will do so in a mosquito net,f or
C. pipiens pipiens undergoes gonadotrophic dissocia-
tion at the onset of winter, or var. molestus of the
same species refuses to take a blood meal until
after the laying of its first autogenous egg batch."
Thus, even setting aside the impossibility of studying
behaviour characters in preserved specimens, there
are intrinsic difficulties in the study of behaviour
characters which, in practice, invariably render it
mandatory for the investigator to correlate these
with morphological ones. Nor is the case for the
morphological species a purely negative one. Man
will probably always find it easier to comprehend
that which he can touch and see. In this connexion
it may be noted that the position of a spot on a
chromatogram, the presence of a precipitate and the
occurrence of a pulse on the screen of a cathode-ray
tube all represent the translation of the impalpable
into an observable morphological form.

This is not to say that behaviour characters are
useless to the taxonomist. On the contrary, they are
invaluable as an indication of the possible existence
of unrecognized taxa and the direction in which
these should be sought. To say that the average
mosquito species possesses forty different parts or
structures exhibiting potentially useful taxonomic
characters would be a conservative estimate. Certain-
ly no conscientious taxonomist would look at
much less than this even though he knew that in
any one species no more than two or three might
actually be useful. Nor would he be satisfied unless
he had compared at least some of the possible
'combinations of such characters. The number of
possible combinations of forty characters is, how-
ever, astronomical, and if metrical characters are
used it becomes infinite. For this reason, if for no
other, behaviour characters are indispensable for
narrowing the taxonomist's field of search.

e Bruce-Chwatt, L. J. (1957) Trans. roy. Soc. trop. Med.
Hyg., 51, 41.

f Wanson, A. & Nicolay (1937) Ann. Soc. b.elge Med.
trop., 17, 111.

Tate, P. & Vincent, M. (1936) Parasitology, 28, 115.
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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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