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SCIENTIFIC NOTE

SUGGESTING NEW SPECIES? COMMENTS ON “EVIDENCE FOR A
NEW SPECIES OF ANOPHELES MINIMUS FROM THE RYUKYU
ARCHIPELAGO, JAPAN”

W. VAN BORTEL anp M. COOSEMANS

Department of Parasitology, Prince Leopold Institute of Tropical Medicine, Nationalestraat 155,
B-2000 Antwerpen, Belgium

ABSTRACT. Species recognition and identification are crucial for the planning and evaluation of vector
control. In recent years, considerable effort has been made to clarify the species composition of vector taxa.
The danger exists, however, that new species are suggested on little evidence and that intraspecific variation is
insufficiently surveyed. We discuss these topics on the basis of recent studies on the Anopheles minimus complex,
one of the most widespread vector groups in Southeast Asia.
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Elucidating the taxonomic status of the major
malaria vector taxa and characterizing the individ-
ual species within each complex are important to
understand the complexity of the vector systems in
Southeast Asia. Moreover, failure to identify mos-
quito species hampers the study and monitoring of
vectors and, hence, complicates the follow-up and
reassessment of preventive control measures. Ulti-
mately, this failure will impede progress toward the
consolidation and further improvement of the ma-
laria situation in Southeast Asia. Consequently, sev-
eral studies have been conducted to understand the
species composition of the Anopheles minimus
complex, one of the most widespread malaria vec-
tor taxa in Southeast Asia (Green et al. 1990, Shar-
pe 1997, Van Bortel et al. 1999).

Within the An. minimus complex are 2 common-
ly recognized species, informally designated An.
minimus A and C (Harbach 1994). These species
were defined by their electromorphs at the Odh en-
zyme locus (Green et al. 1990). Recently, Somboon
et al. (2001) used morphological, cytogenetic, and
hybridization evidence to suggest a new species
within the An. minimus complex occurring on the
Ryukyu archipelago, Japan. In the same paper, the
authors also suggested the possible presence of up
to 4 species in the An. minimus complex in northern
Vietnam. This suggestion is in contrast to the re-
sults of our studies. To clarify the species compo-
sition of the An. minimus complex in Vietnam, we
conducted a large-scale study in 4 villages in north-
ern Vietnam with the use of allozyme electropho-
resis (Van Bortel et al. 1999). We incorporated the
Odh locus in our study because of its ability to
distinguish An. minimus A and C in Thailand
(Green et al. 1990). In our analyses, however, we
considered the possibility of the presence of more
than 2 species within the complex, which was al-
ready suspected at that time (Zahar 1996). In the
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morphologically identified An. minimus s.1. from
Vietnam, we observed significant heterozygote de-
ficiency at 5 out of 13 enzyme loci. The highest
heterozygote deficiency was observed at locus Odh,
which could be used to divide the complex into 2
isomorphic taxa between which only 0.9% putative
hybrids were present. After separating the taxa,
species C still showed a significant heterozygote
deficiency at loci Ldh and Gpi. But this was ob-
served in only 1 of the 10 samples analyzed, i.e.,
in the only village where the putative hybrids
(<1%) between the taxa (An. minimus A and C)
were found. On the basis of the complete similari-
ties of the internal transcribed spacer 2 (ITS2) ri-
bosomal DNA (rDNA) sequences, An. minimus
taxa from Vietnam were identified as An. minimus
species A and C known from Thailand (Van Bortel
et al. 1999, 2000).

Somboon et al. (2001) suggested the existence of
up to 4 species within the An. minimus complex in
Vietnam on the basis of the presence of 2 novel
sequences of the D3 28S rDNA region previously
not found in An. minimus A and C from Thailand
(Sharpe et al. 2000). Their suggestion is based on
1 D3 sequence of An. minimus from Hanoi, Viet-
nam, taken from Sharpe et al. (2000) and on 3 spec-
imens originating from our study population from
Hoa Binh Province, northern Vietnam. One of the
2 novel sequences, identified by us as An. minimus
A, differed by only 1 out of 370 nucleotides (at
position 72) from An. minimus A from Sharpe et
al. (2000) (Somboon et al. 2001). Although the se-
quence was derived directly from a polymerase
chain reaction amplification product, which reduces
problems associated with errors made by Tagq poly-
merase, errors cannot be completely excluded (Hil-
lis et al. 1996). The 2nd sequence of Somboon et
al. (2001), also based on 1 specimen, is more trou-
blesome. We identified this specimen as species C
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by enzyme electrophoresis (locus Odh), though it
exhibited the highest sequence similarity with spe-
cies A from Sharpe at al. (2000), from which the
D3 region differed only at positions 248 and 296.
However, Somboon et al. (2001) did not clearly
state whether possible sources of error, e.g., mis-
labeling or contamination, could be ruled out.
Hence, it would have been desirable to confirm the
presence of these 2 novel sequences by analyzing
more specimens.

Somboon et al. (2001) proposed 2 alternative ex-
planations for the existence of the 4 sequences at
the D3 locus in northern Vietnam: 1) the Vietnam-
ese An. minimus A and/or C species exhibit large
intraspecific variation at the D3 locus, 2) alterna-
tively, each sequence could come from an individ-
ual of a different species. The D3 region was iden-
tified by Sharpe et al. (1999) as a diagnostic marker
for An. minimus A and C from Thailand. Fine-tun-
ing of diagnostic markers is necessary when spec-
imens are tested coming from an area, in casu Vi-
etnam, where its variation was not or insufficiently
screened. Moreover, the utility of a locus for tax-
onomic and phylogenetic purposes depends on the
ability to accurately predict whether the nature of
potential variation is intra- or interspecific. The
possibility of intraspecific variation at the D3 re-
gion, as alternative explanation of the observed se-
quence patterns, was considered unlikely by Som-
boon et al. (2001) because of the amount of
variation observed in Vietnamese species compared
with the absence of variation in Thai An. minimus
species. The only exception to this was a different
sequence pattern at the D3 region in 1 specimen
(individual #157) found in Kanchanaburi Province,
Thailand. Sharpe et al. (1999) suggested that this
specimen could be from another species. However,
they were tentative in their hypothesis because this
specimen, #157, clustered with An. minimus C in a
maximum likelihood tree based on the mitochon-
drial cytochrome II oxidase (Sharpe et al. 2000).
Consequently, intraspecific variation at the D3 re-
gion seems still a likely explanation for the ob-
served sequence patterns. Moreover, genetic varia-
tion is not a fortiori evenly distributed throughout
the geographic range of a species. For example, ge-
netic diversity of the Anopheles gambiae s.s. pop-
ulation from eastern Kenya was lower than that of
western Kenya (Lehmann et al. 1998, Donnelly et
al. 2001), whereas in Aedes aegypti, 1 out of 10
populations from the northeastern coast of Mexico
showed a reduced heterozygosity (Gorrochotegui-
Escalante et al. 2000). Whether this is the case for
the members of the An. minimus complex needs
more investigation. However, the 2 An. minimus
species, A and C, recognized by Green et al. (1990)
in Thailand were monomorphic for the Odh locus,
whereas An. minimus C from Vietnam was poly-
morphic for the same locus (Van Bortel et al. 1999).
Hence, in An. minimus C, variation at the Odh locus

was not evenly distributed among populations from
different localities.

Somboon et al. (2001) concluded, on the basis
of the low bootstrap values, that the neighbor-join-
ing tree of the D3 sequences contained only a lim-
ited amount of phylogenetic information. Phyloge-
nies derived from a single gene do not necessarily
reflect the species phylogeny (Avise and Ball
1990). The probability of a gene tree having the
same topology as the species tree is low when di-
vergence times between species are short and when
the effective population sizes are large (Pamilo and
Nei 1988). Both these conditions apply to the An.
minimus complex (Sharpe et al. 2000, Van Bortel,
unpublished data). Hence, at this stage it is pre-
mature to decide on whether the observed variation
at the D3 region reflects intra- or interspecific pat-
terns. Therefore, the presence of a deviating se-
quence pattern does not suffice to suggest a new
species, for this requires more information from
different genes. For example, for almost 20 years,
5 chromosomal forms in An. gambiae s.s. have
been known. Extensive research is still going on to
explore the reproductive status of these chromo-
somal forms, examining the variation among 12
genes located throughout the An. gambiae s.s. ge-
nome. However, the need for broader geographic
sampling of An. gambiae s.s is still recognized
(Black and Lanzaro 2001). Consequently, species
can be recognized only by combining information
from multiple characters (allele frequencies at mul-
tiple loci, different traits) of which inter- and intra-
specific variation is sufficiently surveyed. This is
especially the case for closely related species (Ta-
bachnick and Black 1995, Black and Munstermann
1996).

Somboon et al. (2001) argued that the 4 speci-
mens from Vietnam originated from discrete repro-
ductive populations because they were all homo-
zygous for the D3 fragment. Beside the fact that it
is not clear how homozygosity of the D3 fragment
was determined, being homozygote per se does not
give any indication of belonging to a particular re-
productive population. Species are evolutionary lin-
eages, i.e., collections of allelic pathways among
interbreeding individuals. The lineage boundaries
that define species arise from the forces that create
reproductive communities (Avise and Wollenberg
1997, Templeton 1998). A generally applicable and
efficient approach to define reproductively isolated
gene pools is a population genetic analysis based
on allozyme electrophoresis, DNA microsatellites,
or other codominant molecular markers that allow
the estimation of allele frequencies. Population ge-
netic structure can then be inferred by the Wright’s
F-statistics (F,, F, and F,). The few specimens
Somboon et al. (2001) used to suggest new species
are not suitable to generate these statistics. Conse-
quently, the use of these data to make inference
about reproductive isolation of the samples is trou-
blesome, even if one expects that novel sequences
should appear in heterozygous form with the com-
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mon allele. Moreover, because rDNA is liable to
concerted evolution and gene conversion, hetero-
zygotes of rDNA may get lost (Hillis et al.1991,
Tripet et al. 2001). :

To support their interpretation, Somboon et al.
(2001) referred to the significant heterozygote defi-
ciency we observed in species C of Vietnam (Van
Bortetl et al. 1999), which they interpreted as indicat-
ing assortative mating. In other words, they consid-
ered what is called species C in Vietnam to be a
mixture of different species. As mentioned above, this
Hardy—Weinberg disequilibrium occurred only in the
population where species A and C hybridized (Van
Bortel et al. 1999). In hybrid zones, different evolu-
tionary forces may be operating. On one hand, posi-
tive assortative mating seems a common feature. On
the other hand, novel genotypes might arise in hybrid
zones. Moreover, introgression can increase the ge-
netic variation of the recipient taxon (Howard 1998),
whereas selection and associations between loci in hy-
brid zones can be different compared with nonhybrid
zones (Barton and Hewitt 1989). So nonrandom as-
sociation of gametes in the parental population is not
unlikely, which might explain the Hardy—Weinberg
disequilibrium observed at loci Ldh and Gpi. Finally,
the Hardy—Weinberg disequilibria at these loci were
not observed again in subsequent samples of An. min-
imus C collected in the same village in 1998-99 (Van
Bortel, unpublished).

In conclusion, although Somboon et al. (2001)
only tentatively suggested the possible presence of
up to 4 species in the An. minimus complex in
northern Vietnam, they found it the most likely ex-
planation for the sequence patterns at the D3 locus.
However, in view of the rationale presented above,
we think that even this tentative conclusion is in-
sufficiently supported by the currently available
data. To understand the differentiation between
populations across geographic ranges, the structur-
ing of genetic polymorphisms must be analyzed.
Yet, the occurrence of polymorphisms is not an a
priori indication of the existence of different taxa.
Species can be recognized only in a broader context
of inter- and intraspecific variation at different geo-
graphic scales. Studying inter- and intraspecific di-
versity in population structure and traits will also
be useful in understanding the complexity of the
vector system.

We are grateful to T. Backeljau for the fruitful
discussions. The research of Anopheles minimus in
Vietnam, on which this discussion is based, is fi-
nanced by the Belgian Development Co-operation
(DGIS) and by the INCO-DC project ER-
BIC18CT970211.
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